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This summary of the Forty-second 
Annual Meeting of the American Society 
for Testing Materials, held at Chalfonte- 
Haddon Hall, Atlantic City, N. J., 
June 26-30, 1939, is a record of the trans- 
ations of the meeting including the 
ations taken on the various recommen- 
dations submitted by the standing com- 
mittees. In all, 22 sessions were held,— 
l§ formal sessions and four round-table 
liscussions—as well as the Fifth Exhibit 
i Testing Apparatus and Related 
Equipment, the Second A.S.T.M. Photo- 
graphic Exhibition and Competition, and 
the Twenty-second Annual A.S.T.M. 
Golf Tournament. The exhibit of test- 
apparatus and the photographic 
ahibition are described in some detail 
athe August ASTM BuLtetin. 

The Proceedings are set forth session 
y session. There were 62 reports and 
formal papers presented. The record 
ith respect to each has been briefed, 
lie recommendations in the reports hav- 
‘g been grouped so as to cover the 
‘“teptance of material for publication 
Stentative, such as new specifications, 
wthods of test, revisions of tentative 
‘andards and proposed revisions of 
isting standards, and as a separate 
soup, the approval of matters that were 


_ SUMMARY OF PROCEEDINGS OF THE FORTY-SECOND 
ANNUAL MEETING 


Atiantic City, N. J., JUNE 26-30, 1939 


The following Summary records the action taken by the Society at the 
Annual Meeting on the Recommendations Affecting Standards and Tentative 7 
Standards appearing in the annual reports of the standing committees. In _ 
the individual committee reports attention is called through an editorial _ 
footnote to any modifications of the recommendations or where the recom- ; 
mendations of the committee were not approved. ; 
is to be understood that the recommendations were approved as submitted 
The new and revised standards and tentative standards 
are published in the 1939 Book of A.S.T.M. Standards, Parts I, II, and III. 
Except as noted, the reports and papers appear in this volume. 


In all other instances it 


referred to letter ballot of the Society, 
as for example, the adoption of tentative | 
standards as standard or the adoption. 
of revisions of standards. Accordingly, 
wherever the action is reported as | 
“adopted as standard,” it is understood 
that this indicates approval of the 
annual meeting for reference to letter 
ballot of the Society. The various 
recommendations so recorded are in- 
cluded in the Society letter ballot.' The 
actions designated as “accepted as tenta- 
tive” are self evident as indicating ac-_ 
ceptance by the Society at the annual 
meeting for publication as tentative. 

While all of the items on the program 
are recorded under the particular session - 
in which they were presented, for con-— 
venience in locating actions with respect 
to any particular report, the accompany- 
ing list is presented of all the reports 
together with the page reference where 
the action thereon is recorded. a 

The registered attendance of the 
meeting is as follows: Members present 
or represented, 921; committee members, 
202; guests, 231; total, 1354; ladies, 309. 

1The letter ballot on recommendations affecting 


standards, distributed to the Society membership, was 
canvassed on September 15, 1939, and al! actions were 


approved. 
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FORMAL OPENING SESSION 
PRESIDENT’S ADDRESS 


Tuesday, June 27, 10.30 a.m. 


Session Co-Chairmen: President T. G. 
Delbridge; Past-President H. S. Vassar. 


President Delbridge in opening the 
Forty-second Annual Meeting stated 
that from the attendance records, the 
number of scheduled meetings and tech- 
nical sessions, the fine exhibit of testing 
apparatus, and other scheduled activi- 
ties, this meeting promised to be the 
most successful that the Society has yet 
held. In referring to the accomplish- 
ments of the Society during the past 
year, he pointed out that they were 
made possible only through the constant 
cooperation of the members of the 
standing committees. President Del- 
bridge stressed the importance of the 
service which the Society is rendering to 
industry and the significance attached to 
its work in the field of engineering mate- 
rials in advancing scientific progress. 


Report presented from manuscript by 
T. S. Fuller, chairman. 


Committee E-9 on Research: 


Committee E-10 on Standards: 


Report presented from manuscript by 
Cloyd M. Ch i 

apman, chairman 
4 


Executive Committee: 


This report, which discussed Society 
activities, covered membership, publi- 
cation, finances, and administrative 
matters relating to committee activities 
and inter-Society relations, was pre- 
sented by the Secretary-Treasurer, C. L. 
Warwick. The report recommended re- 
visions of the By-laws, which revisions 
were approved for reference to letter 
ballot, as follows: 


| 


FORTY-SECOND ANNUAL MEETING 


Revisions of By-laws: 


Article II. Officers and Their Election, re- 
vision of Section 3 

Article IV. Duties of Officers, revision of 
Section 2 

Article V. Meetings, revision of Section 1 

New Article VI. Administrative and Other 
Committees 

Article VI (Renumbered Article VII). Pro- 
cedure Governing the Adoption of Stand- 
ards, revision of Section 1 


Past-President H. S. Vassar then 
assumed the chair. 

The chairman presented the Presi- 
dent, T. G. Delbridge, who delivered 
the annual Presidential Address on 
“Glimpses at Petroleum” in which he 
presented a brief historical review of this 
natural mineral product and the part it 
has played as an important engineering 
material and the basis of a mighty in- 
dustry. He referred to the many prob- 
lems that the discovery, production, 
transportation, use, and development of 
petroleum had presented to the explorer, 
driller, chemist, engineer, banker, and 
merchant. President Delbridge empha- 
sizes that while the petroleum industry 
has made some important contributions 
to the work of the Society, the A.S.T.M. 
has contributed greatly to the industry 
in that it has been the forum in which 
petroleum men as producers could dis- 
cuss broad and specific problems with 
consumers, and the medium through 
which it has been possible to coordinate 
research work and to standardize speci- 
fications and many test methods for 
petroleum and its products. 

The chairman announced that in 
accordance with action taken by the 
Executive Committee, certificates were 
being awarded to four individuals and 
companies who had attained forty years 
of membership in the Society, as follows: 


W. H. Broadhurst, Chemist, Bureau of 
Highways, Brooklyn, N. Y. 
F. G. Kennedy, Jr., President, Logan Iron 


and Steel Co., Philadelphia, Pa. 
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Robert W. Hunt Co., Chicago, Ill. 
_ The Lowe Brothers Co., Dayton, Ohio. 


_ The chairman then recognized C. S. 
Reeve, chairman of the Committee of 
Tellers, who reported the results of the 
letter ballot on election of officers. Of 
the 1055 ballots cast, the results were as 
follows: 


_ For President, to serve for one year: 
H. H. Morgan, 1050 votes. 
For Vice-President, to serve for two years: 
G. E. F. Lundell, 1050 votes. 
_ For Members of the Executive Committee, 
to serve for two years: 
J. J. Allen, 1033 votes. 
R. D. Bonney, 1039 votes. 
T.S. Fuller, 1032 votes. 
J. L. McCloud, 1037 votes. 
M. A. Swayze, 1035 votes. 


_ The chairman then introduced the 
newly elected members of the Executive 
Committee, requesting that they rise 
and remain standing, as their names 
were called. 

At the request of the chairman, Past- 
President A. C. Fieldner escorted to the 
chair the Vice-President-Elect, G. E. F. 
Lundell, who, in expressing appreciation 
of the honor bestowed upon him in his 
election, pledged his best efforts to work 
with the officers and uphold the tradi- 
tions of the Society. 

The chairman then requested Past- 
President H. F. Moore to escort to the 
chair the President-Elect, H. H. Morgan, 
who in acknowledging the honor of his 
election, stated that he would continue 
to give his most earnest and consistent 
attention to the fundamental interests 
and general interests of the Society. 


SECOND SESSION—-PAINT AND 
RELATED PRODUCTS 
Tuesday, June 27, 2 p.m. 


Session Co-Chairmen: C. D. Holley; 
G. G. Sward. 


SUMMARY OF PROCEEDINGS 


Committee D-1 on Paint, Varnish, Lac- 
quer, and Related Products: 


Report presented by M. Rea Paul, 
secretary, and the following actions 
taken: 


Accepted as Tentative: 


Spec. for Shellac Varnishes, to replace 
Standard Specs. D 359 and D 360 
Spec. for Zinc Dust (Metallic Zinc Powder) 
Chemical Analysis of Zinc Dust (Metallic 
Zinc Powder) 
Test for Specular Gloss of Paint Finishes 
Test for Elongation of Attached Lacquer 
Coatings with the Conical Mandrel Test 
Apparatus. 
Revisions of: 
Spec. for Orange Shellac (D 237 - 33) 
Spec. for Butanol (Normal Butyl Alcohol) 
(D 304 — 33) 
Spec. for Amyl 
(D 319 — 33) 
Routine Analysis of White Linseed Oil 
Paints (D 215 - 37) 
Sampling and Testing Lacquer Solvents 
and Diluents (D 268 — 33) 


Adopted as Standard: 


Spec. for Petroleum Spirits (Mineral Spirits) 
(D 235 — 34 T) 

Spec. for Aluminum Pigment Paste for Paint 
(D 474 — 38 T) 

Spec. for C. P. Para Red Toner (D 475- 


Alcohol (Synthetic) 


38 T) 

Spec. for Zinc Sulfide Pigments (D 477- 
38 T) 

Spec. for C. P. Zinc Yellow (Zinc Chromate) 
(D 478 — 38 T) 

Spec. for Titanium Dioxide Pigments 


(D 476 —- 38 T), as revised 
Routine Analysis of Zinc Yellow Pigment 
(Zinc Chromate Yellow) (D 444 - 387), 
as revised 
Analysis for Spectral Apparent Reflectivity 
of Paints (D 307 — 37 T), as revised 
Test for Soluble Nitrocellulose Base Solutions 
(D 365 — 35 T) 
Test for Relative Dry Hiding Power of Paints 
(D 344 - 37 T); this recommendation not 
having been preprinted, was approved by 
unanimous consent, subject to favorable 
letter ballot of Committee D-1,? with the 
following revision: 
2c i ollowi sults of the 
letter ballot vote of a total of 122 ballots returned from a 
voting membership of 224: D 344, affirmative 90, negative 


0; D 406, affirmative 97, negative 1; D 153, affirmative 87, 
negative 0; D 186, affirmative 90, negative 0. 
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Section 3 (e).—In the second and third 
sentences, change “diffuse reflection” to 
“diffuse reflectance.” 

Test for Relative Dry Hiding Power of White 
Pigments (D 406 - 37 T); this recommen- 
dation not having been preprinted, was 
approved by unanimous consent, subject 
to favorable letter ballot of Committee 
D-1,? with the following revisions: 
Title—Add the following words to the 


title: “in a Linseed Oil Vehicle.” 


Section 1.—In the first sentence add after 


“white pigment” the words “in a linseed oil 


vehicle.” 

Section 3 (e).—In the second and third 
sentences, change “diffuse reflection” to 
“diffuse reflectance.” 

Revisions of: 

Spec. for Red Lead (D 83 — 31) 

Spec. for Commercial Para Red (D 264 
28) 

Spec. for Aluminum Powder for Paints 
(Aluminum Bronze Powder) (D 266 - 
31) 

Sampling and Testing Shellac (D 29 — 33) 

Routine Analysis of Dry Cuprous Oxide 
(D 283 — 36) 

Spec. for Zinc Oxide (D 79 — 24) 

Spec. for Prussian Blue (D 261 — 28) 

Spec. for Normal Amy] Acetate (D 318 


36) 
Routine Analysis of White Pigments 
(D 34 — 33) 


Revision of Test for Specific Gravity of 
Pigments (D 153 - 27); this recommenda- 
tion not having been preprinted, was ap- 
proved by unanimous consent, subject to 
favorable letter ballot of Committee D-1,? 
as follows: 

Section 13 (b).—Change the second sen- 
tence to read as follows by the addition of the 
italicized material and the omission of that 
in brackets: 

The flask shall be thick enough to with- 
stand and maintain a vacuum and should 
weigh between 50 and 60 g. {less than 35 g.] 
Revision of Routine Analysis of Titanium 

Pigments (D 186 - 33); this recommenda- 

tion not having been preprinted, was ap- 

proved by unanimous consent, subject to 

favorable letter ballot of Committee D-1,? 

as follows: 

Section 9.—Second paragraph, change to 
tad as follows by the addition of the itali- 
ced material and the omission of that in 
brackets: 


5 ml. [10 cc.] of NH,OH (sp. gr. 0.90) to lower 
the acidity to approximately 10 to 15 [5] per 
cent H,SO, (by volume). 

Section 9.—Change items (/) and (2) to 


read as follows by the addition of the itali- 
cized material and the omission of that in 
brackets: 

(1) Run 50 cc. of the 5 per cent SO. 
solution through the reductor at such a uni- 
form rate as to require 5 to 10 min. for passage 
[at a speed of about 100 cc. per minute]. 


(2) Follow this with the titanium solution 
at such a uniform rate as to require 10 min. to 


pass through the reductor. 


Withdrawal of Standards and Tentative Standards: 


Spec. for Shellac Varnish (D 359 — 35) 

Spec. for Centrifuged Shellac Varnish 
(D 360 — 34) 

Spec. for Lithopone (D 208 — 26) 

Spec. for Titanium Barium Pigment (D 382 - 


35) 
Spec. for Titanium Calcium’ Pigment 
(D 383 - 35) 


Spec. for Titanium Dioxide (D 384 — 36) 

Spec. for Zinc Sulfide- Barium Pigment 
(D 385 — 36) 

Spec. for Zinc Sulfide (D 386 — 36) 

Spec. for Titanium Magnesium Pigment 
(D 442 - 37 T) 

Spec. for Zinc Sulfide Magnesium Pigment 
(D 443 — 37 T) 


Symposium on Paint Testing: 


Mr. Sward in introducing the Sym- 
posium on Paint Testing, stated that it 
had been sponsored by Committee D-1 
on Paint, Varnish, Lacquer, and Related 
Products, for the purpose of making 
available information concerning tests 
developed within recent years, some 
of which were already embodied in 
A.S.T.M. Standards for the evaluation of 
paints and paint materials. The chair- 
man pointed out that Committee D-1 
maintains a very real interest in the 
promotion of knowledge of those mate- 
rials under its jurisdiction by the prepa- 
ration of testing methods and specifica- 
tions, the conducting of cooperative 
studies on materials and test procedures, 
and in arranging for the presentation of 
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technical papers describing new and 
interesting developments. 

The following eleven papers compris- 
ing the Symposium,’ dealing with mis- 
cellaneous tests or testing devices for 
evaluating finishing materials, were then 
presented by the authors, except as 
indicated: 


The Aeration Test for Comparison of Thin- 
ners—D. D. Rubek. 

The Krebs-Stormer Viscometer 
Sawyer. 

Texture of Paints and Enamels—E. W. Fasig. 

Testing of Rust-Inhibitive Paints by the 
Cook-Box Method—E. W. McMullen. 

Detective Work on Metal Finishes—V. M. 
Darsey, presented by F. J. DeWitt, Jr. 

The Conical Mandrel for Measuring Elonga- 
tion of Attached Films—H. G. Arlt; the subject 
covered by this paper was illustrated by motion 
pictures. 

Elasticity and Hardness of House Paints 
W. H. Hoback. 

An Apparatus for Determining the Durability 
of Heat-Resisting Paints—G. W. Ashman and 
S. Werthan, presented by Mr. Ashman. 

Some Fundamental Requirements of Color- 
imeters and Reflectometers—Richard S. Hunter. 

Presentation of Color—Francis Scofield. 

Sheen Meter—J. W. Ayres, presented by C. 
J. Love. 


Roscoe H. 


THIRD SESSION-—-IRON 
Tuesday, June 27, 2 p.m. 


Session Chairman: J. J. Shuman. 


Committee A-2 on Wrought Iron: 


Report presented by C. B. Bryant, 
chairman, and the following actions 
taken: 


Accepted as Tentative: 


Revision of Spec. for Single and Double 

Refined Wrought-Iron Bars (A 189 — 37 T) 

The recommendation in the report as pre- 

printed for the adoption as standard of Specifica- 
tions A 189, as revised, was withdrawn. 


Adopted as Standard: 
Spec. for Wrought-Iron Plates (A 42- 37 T) 


in ASTM Buttetin, No. 102, January, 
940. 


SUMMARY OF PROCEEDINGS 


Spec. for Wrought-Iron Rivets and Rivet 
Rounds (A 152 - 37 T) 

Spec. for Rolled Wrought-Iron Shapes and 
Bars (A 207 — 38 T) 

Revisions of: 
Spec. for Iron and Steel Chain (A 56 - 30) 


Spec. for Welded Wrought-Iron Pipe 
(A 72 — 38) 

Spec. for Staybolt Wrought Iron, Solid 
(A 84 - 36) 


Spec. for Staybolt Wrought Iron, Hollow 
Rolled (A 86 — 36) 

Spec. for Uncoated Wrought-Iron Sheets 
(A 162 — 36) 

Spec. for Zinc-Coated (Galvanized) 
Wrought-Iron Sheets (A 163 — 36) 

Spec. for Wrought-Iron Rolled or Forged 
Blooms and Forgings (A 73 - 36) 


The Tentative Specifications for Lap- 
Welded and Seamless Steel and Lap- 
Welded Iron Boiler Tubes (A 83 — 38 T) 
were recommended by Committee A-2 
for adoption as standard subject to 
similar action by Committee A-1 on 
Steel since these specifications are under 
the joint jurisdiction of these com- 
mittees. 


Sectional Committee on Specifica- 
tions for Cast-Iron Pipe and Fittings: 


Oral progress report presented by 
T. H. Wiggin, chairman. 

The chairman announced that the 
sectional committee had completed the 
preparation of Specifications for Cast- 
Iron Pit-Cast Pipe for Water or Other 
Liquids, and for Cement Mortar Lining 
for Cast-Iron Pipe and Fittings. These 
specifications were being referred to 
Committee A-3 on Cast Iron for con- 
sideration for submission to the Society 
through Committee E-10 on Standards 
for publication as A.S.T.M. tentative 
standards. They have been approved 
by the sectional committee for submis- 


sion to the American Standards Associa- 


tion for approval as American Standard, 
and action on this submittal by the 
Society will be taken in due course. 
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Committee A-3 on Cast Iron: 

Report presented by W. H. Rother, 
chairman, and the following action 
taken: 

Withdrawal of Standard: 

Spec. for the Arbitration Test Bar and Ten- 
sion Test Specimen for Cast Iron (A 124 - 
29) 

ommittee A-7 on Malleable-Iron Cast- 

ings: 

Report presented by E. K. Smith, 
harman, and the following actions 
taken: 

Accepted as Tentative: 

Spec. for Pearlitic Malleable Iron Castings 


{dopted as Standard: 
Spec. for Cupola Malleable Iron (A 197 - 
36 T) 


Papers: 
The following papers were presented: 


Mechanical Properties of a High-Strength 
Cast Iron—Jasper O. Draffin and W. L. Collins, 
presented by Mr. Collins. 

Influence of Chromium on the Oxidation 
Resistance of Cast Iron—C. O. Burgess, pre- 
snted by the author. 

The Resistance of High-Silicon Malleable 
Iron to Drilling —H. A. Schwartz, R. C. Kasper 
and N. E. Mertz, presented by C. H. Junge. 

The Relation of Carbon Nodule Size and 
Tensile Properties of Malleable Cast Iron— 
H. A. Schwartz, H. J. Schindler and J. F. Elliott, 
presented by C. H. Junge. 


FourtTH SESSION—-WATER 


Tuesday, June 27, 8 p.m. 


Session Co-Chairmen: Vice-President 
W. M. Barr; E. P. Partridge. 


Committee D-19 on Water for Industrial 
Uses: 
Report presented by Max Hecht, 
chairman. 


Joint Research Committee on Boiler Feed- 
water Studies: 


Report presented from manuscript 
by J. B. Romer, secretary. 


‘Published in ASTM Bulletin, No. 99, August, 1939, p. 52. 


Papers: 


The following papers were presented: 


The Calculation of Equilibria in a 
Water Solutions—D. S. McKinney, presented 
by the author. 

The Calculation of the Distribution of Carbon 
Dioxide Between Water and Steam—A, a 
Amorosi and J. R. McDermet, presented by Mr. © 
Amorosi. 

Determination by the Evaporation Method 
of Small Amounts of Dissolved Solids in Water 
Such as Condensed Steam from Boilers—R. C. 
Ulmer, presented by the author. _ 

Electrical Conductance Measurements of 
Water Extracts of Textiles—A. C. Walker, — 
presented from manuscript by the author. 

The pH, Dissolved Iron Concentration and — 
Solid Product Resulting from the Reaction 
Between Iron and Pure Water at Room Tem- 
perature—Richard C. Corey and Thomas J. 
Finnegan, presented by Mr. Finnegan. 


ROUND-TABLE DISCUSSION ON EFFECT 
OF SUB-ATMOSPHERIC TEMPERATURES 
ON THE PROPERTIES OF METALS 


Tuesday, June 27, 8 p.m. 


Session Co-Chairmen: N. L. Mochel; 
F. B. Foley. 
The Discussion on Effect of Sub- 

Atmospheric Temperatures on the Prop- 

erties of Metals was sponsored by the 

Joint High Temperature Committee in 

view of the increasing demand for 

metals having properties which make 
them suitable for use at sub-atmospheric 
temperatures. While .there is a con- 
siderable amount of information extant 
bearing on the behavior of metals at 

low temperatures, there is a need and a 

demand for gathering together all the 

available knowledge possible on the sub- 
ject in a form in which it will be avail- 
able to engineers and metallurgists. 

With this in view, in addition to three 

formal papers dealing with certain 

phases of impact testing at low tem- 
peratures, the round-table discussion 
was introduced as follows: 


Steel for Low-Temperature Service—F. B. 
Foley. 
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SUMMARY OF PROCEEDINGS 


; Aircraft Metals Subject to Sub-Atmospheric 
Temperatures—H. J. Huester. 

‘ Non-Ferrous Metals for Low-Temperature 
Service—B. B. Morton. 

The discussion of the meeting will be 

summarized by F. B. Foley for publica- 

tion in the A.S.T.M. Proceedings. 

The three formal papers which were 
presented with the Round-Table Dis- 
cussion were the following, which papers 
will appear with the other technical 
papers in the Proceedings: 

_ Mechanical Properties of Copper and _ its 
Alloys at Low Temperatures: A Review 

Cyril Stanley Smith. 

_ Sub-Size Charpy Relationships at Sub-Zero 
Temperatures—H. Habart and W. J. 
Herge, presented by Mr. Habart. 

Factors Affecting Notched-Bar Impact Tests 
on Steel at Low Temperatures—Walter 
Crafts and John J. Egan, presented by 
Mr. Egan. 

FirTH SESSION—-PAPER, PLASTICs, 

RUBBER, GLASS, ELECTRICAL 
INSULATING MATERIALS 


Wednesday, June 28, 9.30 a.m. 
Session Chairman: Dean Harvey. 


Committee D-6 on Paper and Paper 
Products: 


Report presented by R. C. Griffin, 
chairman, and the following actions 
taken: 

Accepted as Tentative: 


Test for Machine Direction of Paper 

- Test for Bulking Thickness of Paper; not 

having been preprinted, it was accepted by 

unanimous consent, subject to favorable 
letter ballot of Committee D-6.° 


The proposed new Tentative Method 
of Test for Paraffin Content of Paper 


from the report by the committee. 


Committee D-20 on Plastics: 

Report presented by W. E. Emley, 
chairman, and the following actions 
taken: 


5 Committee D-6 reported results of the letter ballot 
vote as follows: Of a total voting membership of 46, 
28 members returned their ballots, of whom 25 voted 
affirmatively, 0 negatively. 


Accepted as Tentative: 7 

Test for Index of Refraction of Transparent 
Organic Plastics 

Test for Resistance of Plastics to Chemical 
Reagents 


Committee D-11 on Rubber Products: 


Report presented by O. M. Hayden, 
chairman, and the following actions 
taken: 


Accepted as Tentative: 


Spec. for Rubber Sheath Compound for 

Electric Cords and Cables 

Testing Hard Rubber Products 

Test for Indentation of Rubber by Means of 
the Pusey and Jones Plastometer 

Revisions of: 

Testing Flat Rubber Belting (D 378 - 38 T) 

Testing Rubber Hose (D 380 - 38 T) 

Tension Testing of Vulcanized Rubber 
(D 412 - 36 T) 

Testing Rubber Insulated Wire and Cable 
(D 470 — 38 T) 

Spec. for Insulated Wire and Cable: Class 
AO, 30 per cent Hevea Rubber Com- 
pound (D 27 — 38 T) 

Spec. for Insulated Wire and Cable: Per- 
formance Rubber Compound (D 353 - 
37 T) 

Spec. for Insulated Wire and Cable: Heat- 
Resisting Rubber Compound (D 469- 
37 T) 

The revisions in the latter three specifications 
were accepted with the exception of the proposed 


_ changes in Table V of D 27 and in Table II of 


D 353 and D 469 which were withdrawn by the 


committee. 
al 


Sample Preparation for Physical Testing of 
Rubber Products (D 15 - 38 T) 

Test for Adhesion of Vulcanized Rubber 
(Friction Test) (D 413 — 36 T) 

Test for Adhesion of Vulcanized Rubber to 
Metal (D 429 - 36 T) 

Revision of Test for Hardness of Rubber 
(D 314 - 34) 

Revision of Chemical Analysis of Rubber 
Products (D 297 — 38) 


Adopted as Standard: 


Withdrawal of Tentative Standard: 
Spec. for Rubber Pump Valves (D 151- 
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Committee C-14 on Glass and Glass 
Products: 


arent 
’ Brief progress report, in absence of 
ace chairman, presented by the Secretary- 
Treasurer. 
Committee D-9 on Electrical Insulating 
Materials: 

den, 

‘ions Report presented by T. Smith Taylor, 
chairman, and the following actions 
taken: 

Accepted as Tentative: 

1 for Revisions of: 

Test for Dielectric Strength of Insulating 
Materials, at Commercial Power Fre- 

ns of quencies (D 149 - 38 T) 

Spec. for Black Bias-Cut Varnished Cloth 
Tape Used for Electrical Insulation 

38 T) (D 373 - 37 T) 

| Testing Pin-Type, Lime Glass Insulators 

ibber (D 468 — 38 T) 

A Testing Sheet and Plate Materials Used in 

Electrical Insulation (D 229 -—) 

Testing Laminated Tubes Used in Elec- 
Class trical Insulation (D 348 —- —) 
— Testing Laminated Round Rods Used in 
Electrical Insulation (D 349 - —) 

Per- The tentative revision in Methods D 229, 

353 - D 348 and D 349 were accepted with the addi- 

I tion of the following notes: 

“14 Nore 1.—Conditioning of specimens may 

of be undertaken: (a) for the purpose of bring- 

— ing the material into equilibrium with stand- 

d ard normal conditions, 25 C. and 40 per cent 
nd relative humidity; (6) simply to obtain 

the reproducible results, irrespective of previous 

y history of exposure; or (c) to subject the 

material to abnormal conditions of tempera- 
ture or humidity in order to predict its 
service behavior. 

The conditions given to obtain re- 
Bo producible results may give physical values 
bber somewhat higher or somewhat lower than 

values under equilibrium at normal condi- 
~ tions, depending upon the particular material 
and test. To insure substantial equilibrium 
bber under normal conditions of humidity and 
temperature, however, will require from 20 
to 100 days or more depending upon thickness 
and type of material and its previous history. 
Consequently, conditioning for reproduci- 
bility must of necessity be used for general 
aoe specification and product control 
ests. 
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Adopted as Standard: 


9 
Note 2.—Conditioning of specimens for 
electrical tests is also necessary to obtain 
consistent results. The procedure for such 
conditioning is under consideration by the 
committee. In order to secure comparative 


results, specimens should be conditioned at 
the same temperature and humidity. 


Testing Sheet and Plate Materials Used in 
Electrical Insulation (D 229 - 38 T) 

Testing Laminated Tubes Used in Electrical 
Insulation (D 348 — 38 T) 


; Testing Laminated Round Rods Used in 
Electrical Insulation (D 349-35T), as 
_ revised 


Revision of Testing Molded Materials Used 
for Electrical Insulation (D 48 - 37) 

Revision of Testing Electrical Porcelain 
(D 116-34); this recommendation for 
adoption of the tentative revision’ not 
having been preprinted, was approved by 
unanimous consent, subject to favorable 
letter ballot of Committee D-97 

Revision of Testing Pasted Mica Used in 
Electrical Insulation (D 352-36); this 
recommendation for adoption of the tenta- 
tive revision® and the addition to the 
methods of an Appendix giving require- 
ments for cells for low power-factor liquids 
not having been preprinted was accepted 
by unanimous consent, subject to favorable 
letter ballot of Committee D-97 


Papers: 
The following papers were presented: 


Properties of Rubber Revealed by Mechani- 
cal Tests*—Felix L. Yerzley, presented by the 
author. 

A New Mechanical Oscillograph for Routine 
Tests of Rubber and Rubber-Like Materials— 
Felix L. Yerzley, presented by the author. 

Burst Test Data on Laminated Glass*—W. R. 
Koch and E. J. Wyrostek, presented from manu- 
script by Mr. Koch; the subject covered by 
the paper was illustrated by motion pictures. 


6 Proceedings, Am. Soc. Testing Mats., Vol. 38, Part I, 
pp. 1337, 1338 (1938); also 1938 Book of A.S.T.M. Tentative 
Standards, pp. 1703, 1704. 

7 Committee D-9 reported results of the letter ballot 
vote as follows: Of a total voting membership of 92, 31 
members returned their ballots, all of whom voted affirma- 
tively. 

* Published in ASTM Buttetin, No. 99, August, 


1939, p. 31. ; 
9 Published in ASTM Buttetin, No. 103, March, 
1940. 
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SrxTH SESSION—FATIGUE, CORROSION 
Wednesday, June 28, 9.30 a.m. 


Session Co-Chairmen: T. S. Fuller; 


F. F. Farnsworth. 


Research Committee on Fatigue of Metals: 


Report presented by H. F. Moore, 
chairman. 


Report of Committee A-5 on Corrosion of 
Iron and Steel: 


Report presented by W. H. Finkeldey, 
chairman, and the following actions 
taken: 


Accepted as Tentative: 


Spec. for Zinc-Coated Steel Wire Strand 
(Class B and Class C Coatings), revised as 
follows: 

Section 6.—Change from the form as pre- 

printed: namely, 

6. Strand shall be preformed when specified 
by the purchaser. The preforming operation 
consists of permanently shaping the com- 
ponent wires to the helical form they assume 
in the finished strand prior to the fabrication 
of the strand. 
to read as follows: 

6. Preformed strand shall be supplied when 
so specified by the purchaser. Strand is 
preformed when the component wires are set 
to the helical form that they assume in the 
product by any means or process other than 
by merely laying them about the strand core. 

Section 18.—Change the last sentence from 
the form as preprinted to read as follows by 
the addition of the italicized words and the 
omission of the word in brackets: 

Each coil or reel shall have a strong tag 
securely fastened to it showing the length, 
size, [and] grade of the strand, class of coating, 
and the name or mark of the manufacturer. 
Methods of Test for Local Thickness of 

Electrodeposited Coatings on Steel 
Revisions of: 

* Spec. for Electrodeposited Coatings of Zinc 

, on Steel (A 164 - 35 T) 

Spec. for Electrodeposited Coatings of 

Cadmium on Steel (A 165 — 35 T) 

Spec. for Electrodeposited Coatings of 

Nickel and Chromium on Steel (A 166 - 
35 T) 

Revision of Spec. for Zinc-Coated (Galvan- 
ized) Iron or Steel Wire Strand (Cable) 
(A 122 — 33), with additional changes iden- 


_ tical with those listed above for the Spec 
for Zinc-Coated Steel Wire Strand. 


Adopted as Standard: 


Spec. for Zinc-Coated (Galvanized) Iron or 
Steel Farm-Field and Railroad Right-of 
Way Wire Fencing (A 116 — 37 T) 

Spec. for Zinc-Coated (Galvanized) Iron or 
Steel Barbed Wire (A 121 — 37 T) 

Revision of Methods of Determining Weight 
and Uniformity of Coating on Zinc-Coated 
(Galvanized) Iron or Steel Articles (A 90 - 
33) 

Withdrawal of Standard: 


Methods of Determining Weight of Coating 
on Tin, Terne and Lead-Coated Sheets 
(A 91 - 24) 


The recommendation for the adoption 
as standard of the Tent. Spec. for Zinc- 
Coated (Galvanized) Iron or Steel Sheets 
(A 93-38 T) was withdrawn from the 
report by the committee. 

Mr. Finkeldey then called upon C. D. 
Hocker to present the report of the Wire 
Inspection Committee on Field Tests of 
Wire and Wire Products. 


Committee B-3 on Corrosion of Non- 
Ferrous Metals and Alloys: 


Report presented by T. S. Fuller, 
chairman, and the following action 
taken: 


Accepted as Tentative: 
Salt Spray Testing of Non-Ferrous Metals 


Mr. Fuller then called upon L. J. 
Gorman to present from manuscript the 
report of Subcommittee VIII on Gal- 
vanic and Electrolytic Corrosion. 

The paper appended to the report on 
“Chemical Removal of Corrosion Prod- 
ucts in the Determination of the Corro- 
sion Rate of Zinc,” by E. A. Anderson 
and C. E. Reinhard, was presented by 
Mr. Anderson. 


Joint Committee on Exposure Tests of 
Plating on Non-Ferrous Metals: 


Report presented from manuscript soll 


William Blum, chairman. 
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Papers: 
The following papers were presented: 


Fatigue Tests of Wire!’—C. P. Wampler and 
X. J. Alleman, presented by Mr. Alleman. 

Fatigue Strength of Machined Forgings 6 to 
7 in. in Diameter—O. J. Horger and H. R. 
Neifert, presented in abstract by H. F. Moore. 

Fatigue Machines for Testing Structural 
Units—R. L. Templin, presented by the author. 

Atmospheric Corrosion of Non-Ferrous 
Metals and Alloys—Carl W. Borgmann, pre- 
snted by the author. 


SEVENTH SESSION—SOAPS, 
TEXTILES, TIMBER 


Wednesday, June 28, 2 p.m. : 


Session Chairman: President T. G. 


Delbridge. 


Committee D-12 on Soaps and Other 
Detergents: 


Report presented by the Chair, in 
absence of chairman, and the following 


actions taken: 
Spec. for Built Soap, Powdered 


Spec. for Soap Powder 7 _ 

Sampling and Chemical Analysis of Special 
Detergents (D 501 - 39 T) 

Revision of Terms Relating to Soaps and 
Other Detergents (D459-38T), four 
revised and six new definitions 


Adopted as Standard: 

— of Spec. for Caustic Soda (D 456 
8 

Revision of Spec. for Modified Soda (Sesqui- 
carbonate Type) (D 457 — 38) 

Spec. for Milled Toilet Soap (D 455 - 38 T) 

Spec. for Soda Ash (D 458 — 38 T), as revised 

Spec. for Chip Soap (D496-38T), as 
revised 

Spec. for Ordinary Laundry Bar 

_(D 497 — 38 T), as revised 

Spec. for Powdered Laundry Soap (D 498 

38 T), as revised 

White Floating Toilet Soap (D 499 


in ASTM Buttettn, No. 101, December, 


Accepted as Tentative: 


Spec. for Sodium Metasilicate 
Spec. for Trisodium Phosphate 
Spec. for Palm Oil Bar Soap 
Spec. for Palm Oil Chip Soap 


Soap 
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Sampling and Chemical Analysis of Soaps 
and Soap Products (D460-38T), as 
revised 

Chemical Analysis of Special Detergents 
(D 501 - 38 T) 

Test for Particle Size of Soaps and Other 
Detergents (D 502 - 38 T) 

Terms Relating to Soaps and Other Deter- 
gents (D 459-38 T), fourteen definitions 


Committee D-13 on Textile Materials: 


Report presented by H. J. Ball, 
chairman, and the following actions 


Testing Rayon Staple 


Testing and Tolerances for Single Jute Yarn 

Test for Apparent Fluidity of Dispersions of 
Cellulose Fibers in Cuprammonium 
Hydroxide 

Revisions of: 

Definitions and Terms Relating to Textile 
Materials (D 123 - 38 T) 

Testing and Tolerances for Rayon (D 258 - 
37 T) 

Testing and Tolerances for Woven Tapes 
(D 259 — 36 T) 

Spec. and Tests for 
(D 299 — 37) 

Spec. and Tests for Asbestos Roving for 
Electrical Purposes (D 375 — 37) 

Spec. and Tests for Cotton Goods for 
Rubber and Pyroxylin Coating (D 334 — 

4) 


Accepted as Tentative: 


Asbestos Yarns 


Revision of Testing and Tolerances for Tire 
Cord, Woven and on Cones (D 179 — 38); 
not having been preprinted, it was ac- 
cepted by unanimous consent, subject to 
favorable letter ballot of Committee D-13," 
as follows: 
Section 11.- 
namely, 

11. (The committee is conducting a statis- 
tical study which, it is hoped, will permit the 
adoption of a proper formula for determining 
the number of tests required for all physica! 
characteristics of tire cord.) 
to read as follows: 

11. The number of tests required for the 
determination of each physical property of 
tire cord shall be in accordance with Table I, 
which also gives the information on which 
the requirements are based. The sampling 


Change from its present form: 


11 Committee D-13 reported results of the letter ballot 
vote as follows: Of a total membership of 210, 93 members 
returned their ballots, of whom 44 voted affirmatively, 
1_negatively. 
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of the shipment shall be as complete or 
representative as possible within practical 
limitations. 


Adopted as Standard: 


Test for Shrinkage in Laundering of Silk and 
Rayon Woven Broad Goods (D 416 — 35 T) 
as revised 

Testing Pile Floor Coverings (D 418 — 38 T) 

Testing and Tolerances for Certain Carded 
Cotton Gray Goods (D 433 -—36T) , 

Testing and Tolerances for Yarns Spun from 
Wool Mixed with Fibers Other than Wool 
(D 508 — 38 T) 

Test for Fastness of Colored Textile Fabrics 
to Light (D 506 — 38 T), as revised 

Testing and Tolerances for Spun Rayon 
Yarns and Threads (D507-38T), as 
revised. 

Revisions of: 

Testing and Tolerances for Knit Goods 
(D 231 — 33) 
Spec. and Tests for Osnaburg Cement 
Sacks (D 205 — 27) 
Testing Woven Textile Fabrics (D 39 — 38) 
Spec. for Textile Testing Machines 
(D 76 37) 


Testing and Tolerances for Cotton Sewing 
_ Threads (D 204 — 36) 


TABLE I.—NUMBER OF TESTS. 


Physical property............ 183i 
| 
| 
entee of tests, n.. . 40 | 10 10 12 
Coefficient of variation, V, | 
per cent....... 2 2 4 
Precision, per cent. : 3 2 3 
Probability 0.99 0.99 0.99 0.99 


“Nore. Information available to the committee,indi- 
cates that the values given in Table I for coefficient of 
variation, V, are approximately correct, but if the running 
level ’ V based on experience is found to be V1, the num- 
ber of tests, m, required will be determined from the 
following formula: 


= y2 


In no case shall m be less than n. 


Committee D-7 on Timber: 


Report presented by Hermann von 
Schrenk, chairman, and the following 
actions taken: 


Accepted as Tentative: 


Revision of Test for ‘Tar Acids in Creosote 
and Creosote - Coal- T ar Solutions (D 453 - 
T) 


PROCEEDINGS 


Adopted as Standard: 


Spec. for Zinc Chloride (D 432 ~ 36 T) 
Revision of Test for Distillation of Creosote 
(D 246 — 33) 


Committee C-5 on Fire Tests of Materials 
and Construction: 


Informal progress report presented by 
the Chair in absence of chairman. 
Committee D-17 on Naval Stores: 

Report presented by C. F. Speh, 
secretary. 

Committee D-10 on Shipping Containers: 

Informal progress report presented by 
the Chair, in absence of chairman. 

SESSION —COAL, GASEOUS 

FUELS, PETROLEUM 
Wednesday, June 28, 2 p.m. 
Session Chairman: J. B. Rather 
Committee D-5 on Coal and Coke: 


Report presented by A. C. 
chairman. 


Fieldner, 


Sectional Committee M20 on Classifica- 
tion of Coals: 
Report presented by A. C. Fieldner, 
chairman, and the following action 
taken: 


Adopted as Standard: 


Definitions for Varieties of Bituminous and 
Subbituminous Coals (D 493 — 38 T) 
Committee D-3 on Gaseous Fuels: 
Report presented by A. C. Fieldner, 
chairman. 
Committee D-2 on Petroleum Products and 
Lubricants: 


Report presented by T. A. Boyd, 


chairman, and the following actions 


taken: 


Accepted as Tentative: 
Test for Carbon Residue of Petroleum Prod- 
ucts (Ramsbottom Carbon Residue), re- 
vised as follows: tinal 
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Section 2 (d).— Change from the form as 
preprinted to read as follows by the addition 
of the italicized words and the omission of 
those in brackets: 

(d) Temperature-Measuring Devices.- 
A [suitable] thermocouple or other suitable 
temperature-indicating device located close to 
the bulb well with the lower end not less than 
1 in. (25 mm.) from the bottom of the bath. 
It is desirable to protect the lemperature 
indicating device {thermocouple or thermom- 
eter] with a quartz or thin metal sheath. 

Test for Gum Stability of Gasoline, revised 
as follows: 

Section 2 (a).—Change the note following 
this section from the form as preprinted to 
read as follows by the omission of the material 
in brackets: 

Note. —The material used for construction 
of the bomb should be 18 per cent chromium, 
8 per cent nickel alloy steel conforming to 
(grade F8 of the Standard Specifications for 
Forged or Rolled Alloy-Steel Pipe Flanges, 
Forged Fittings, and Valves and Parts for 
Service at Temperatures from 750 to 1100 
F. (A.S.T.M. Designation: A 182) of the 
American Society for Testing Materials, or 
to] S.A.E. Nos. 30905 or 30915 corrosion- 
resistant steels. 

Fig. 1. 
the height of the glass liner. 

Test for Tetraethyl Lead in Gasoline 
Revisions of: 

Test for Color of Lubricating Oils (D 155 
34 T), and Color of Petrolatum (D 218 - 
34T) by A.S.T.M. Union Colorimeter, 
combined into one method 

Test for Saponification Number (D 94 
38 T) 

Test for Vapor Pressure of Petroleum 

Products (Reid Method ) (D 323 - 38 T) 

Test for Kinematic Viscosity (D 445 — 38 T 

Revision of Test for Distillation of Plant 
Spray Oils (D 447-37 T); not having 
been preprinted it was accepted by unan- 
imous consent, subject to favorable 
letter ballot of Committee D-2,” as 
follows: 

Section 6.—Add the following as a new 

Section 6: 

6. The actual barometric pressure shall be 
ascertained and recorded, but no correction 
shall be made except in case of dispute. In 
such cases the temperature points shall be 
corrected to 760 mm. (29.92 in.) by the use 
of the Sydney Young equation, as follows: 

For Centigrade readings: 


C. = 0.00012 (760 — P) (273+4.) 


Insert the dimension of 43 in. as 


For Fahrenheit readings: 
Cy = 0.00012 (760 — P) (460+4,) 


where: 

C, and C; = corrections to be added to 
the observed temperature ¢. or ty, re- 
spectively, and 

P = actual barometric pressure in 
millimeters of mercury. 


Adopted as Standard: 


Test for Acid Heat of Gasoline (D 481 — 
38 T), as revised 

Test for Knock Characteristics of Motor 
Fuels (D 357 — 38 T), as revised 

Viscosity-Temperature Charts for Liquid 
Petroleum Products (D 341-37 T); this 
recommendation not having been pre- 
printed, was approved by unanimous con- 
sent, subject to favorable letter ballot of 
Committee D-2! 

Method for Conversion of Kinematic Vis- 
cosity to Saybolt Universal Viscosity 
(D 446 —- 37 T); this recommendation not 
having been preprinted, was approved by 
unanimous consent, subject to favorable 
letter ballot of Committee D-2!” 

Terms Relating to Petroleum (D 288 — 36 T); 
this recommendation not having been 
preprinted, was approved by unanimous 

consent, subject to favorable letter ballot 
of Committee D-2!” 

Revisions of: 

Test for Cloud and Pour Points (D 97 — 34) 

Tests for Distillation of Natural Gasoline 
(D 216 — 32) 

Test for Sulfur in Petroleum Oils by Bomb 
Method (D 129 - 34), with the follow- 
ing additional changes presented on the 
floor at the annual meeting: 

Section 2 (d).—Change from the form as 
preprinted by the omission of the material 
in brackets: 

(d) Oxygen.— Oxygen under pressure, and 
free from combustible material [and con- 
taining enough nitrogen to insure complete 
oxidation of the sulfur in the oil sample. 
The nitrogen content of the oxygen when the 
bomb is filled shall represent at least 5 per 
cent of the total nitrogen and oxygen]. 

Section 4 (a).—In the second paragraph 
change ‘20 to read 5 ml.” 

Test for Thermal Value of Fuel Oil (D 240- 

27), with changes in Sections 2 (g) and 


12 Committee D-2 reported the following results of the 
letter ballot vote of a total of 50 ballots returned from a 
voting membership of 79: D 447, affirmative 41, negative 0; 
D 341 and D 446, affirmative 49, negative 0; D 288, affirma- 
tive 48, negative 0. 
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3 (b) identical with those given above for 
Sections 2 (d) and 4 (a) of Method D 129. 

Tests for Burning Quality of Kerosine Oils 
(D 187 — 36), approved by unanimous 
consent for immediate adoption 

Tests for Carbon Residue of Petroleum 
Products (Conradson Carbon Residue) 
(D 189 - 36) 

Test for Gravity of Petroleum and Petro- 
leum Products by Means of the Hy- 
drometer (D 287 — 37) 


Withdrawal of Tentative Standard: 


Test for Expressible Oil and Moisture in 
Paraffin Waxes (D308-29T) 


Publication as Information Only: 


Proposed Method of Test for Neutralization 
Number of Used Aviation Oils 

Proposed Specifications for Aviation Gasoline, 
with editorial changes 


The proposed Tentative Method of 
Doctor Test for Motor Fuels, Naphthas, 
and Kerosines was withdrawn from the 
report by the committee. 


Sectional Committee Z1l on Petroleum 
Products and Lubricants: 


Report was presented from manu- 
script by T. A. Boyd, chairman. 


Papers: 
The following papers were presented: 


The Determination of Organic Sulfur in Gases 
by the Catalytic Hydrolysis Method—Lawrence 
T. Jilk, presented by the author. 

Recent Experiments on Laboratory Wet 
Gas Meters—Howard S. Bean and F. Charles 
Morey, presented by Mr. Morey. 


SESSION— MARBURG LECTURE 
AND DupDLEY MEDAL AWARD 


Wednesday, June 28, 4 p.m. 


Session Chairman: President T. G. 

Delbridge. 

In introducing the fourteenth Edgar 
Marburg Lecturer, President Delbridge 
said that it was indeed a significant 
pleasure to hear from a Past-President 
and Honorary Member of the Society 
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and an eminent scientist who had made 
many notable achievements and contri- 
butions in his chosen field of endeavor in 
the engineering profession. He then 
presented Herbert F. Moore, Professor of 
Engineering Materials, University of 
Illinois, who chose as the subject of the 
lecture “Stress, Strain and Structural 
Damage.” In the course of his lecture 
Professor Moore presented a number of 
interesting observations on this subject 
in relation to the service and properties 
of engineering materials. He discussed 
_ in detail the problems of measuring four 
types of structural damage due to 
mechanical causes, that resulting from 
elastic deformation from damage by 
inelastic action, from fracture, and from 
damage by continuing deformation or 
creep. Professor Moore pointed out 
that the metallurgist with microscope 
and X-ray diffraction apparatus has 
shown that internal structure of materials 
is far more complicated than former sim- 
plified assumptions; also that the struc- 
tures of materials seem so complicated 
that so far no mathematical analyst has 


_ proposed rigid formulas which fit all these 


new viewpoints. He pointed out some 
of the defects in our present structural 
theories as they relate to elastic action 
but indicated that they are adequate 
for practical purposes when properly 
applied. 

President Delbridge in expressing 
appreciation to Professor Moore for his 
fine exposition on a subject of particular 
interest to the A.S.T.M. presented to 
him on behalf of the Society the Edgar 
Marburg Lecture Certificate. 

President Delbridge then introduced 
M. F. Sayre, chairman of the Dudley 
Medal Committee, who presented as the 
recipient of the thirteenth award of the 
Charles B. Dudley Medal, Mr. Roy W. 
Carlson, Associate Professor of Civil 
Engineering, Massachusetts Institute 
of Technology, for his paper on “Drying 
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Shrinkage of Concrete as Affected by 
Many Factors,” presented at the 1938 
Annual Meeting of the Society. Mr. 
Sayre explained that the Medal is 
awarded annually by the Society to the 
guthor of a technical paper considered 
of outstanding merit and an original 
contribution on research in engineering 
materials. He stated that the com- 
mittee recognized that the paper pre- 
sented by Mr. Carlson represented an 
unusually careful study of broad scope 
on an important problem dealing with 
concrete and eminently merits the recog- 
nition conveyed by the Dudley Medal 
Award. 

On behalf of and as the representative 
of the Society, President Delbridge then 
made the Thirteenth Award of the 
Charles B. Dudley Medal to Mr. 
Carlson. 

In accepting the Medal, Mr. Carlson 
stated that he greatly appreciated the 
recognition accorded by the Award of the 
Dudley Medal, and in accepting the 
Medal with due appreciation of the 
honor which accompanies it, he expressed 
a wish that he may find it possible to 
continue the studies at some time in the 
near future. —— 


TENTH SESSION—METALLOGRAPHY, 
MAGNETIC TESTING, 
RADIOGRAPHY 


Wednesday, June 28, 8 p.m. 


Session Co-Chairmen: John Howe 


Hall; H. E. Seemann. 


Committee E-4 on Metallography: 


Report presented by L. L. Wyman, 
chairman, and the following action 
taken: 


Accepted as Tentative: 


Method of Preparation of Metallographic 
Specimens (E3-39T); to replace the 


present Standard E 3 — 36 
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Metallography in Color'**—R. P. Loveland, 


Committee A-6 on Magnetic Properties: 


Report presented by Thomas Spooner, 
chairman, and the following actions 
taken: 


Accepted as Tentative: 


Test for Measuring Lamination Factor of 
Steel (A 34 - 39 T); with the dimension of 
“934” in Section 2 (a) corrected to read 

Revision of Terms, with Units and Symbols, 
Relating to Magnetic Testing (A 127-36), 
five new definitions. 


Adopted as Standard: 


Revision of Test for Magnetic Properties of 
Iron and Steel (A 34 — 38) 
Revision of Terms, with Units and Symbols, 
Relating to Magnetic Testing (A 127 - 
36), one new and two revised definitions. 


Committee E-7 on Radiographic Testing: 
Report presented from manuscript by 


H. H. Lester, chairman. aaa 


Papers: 


After the presentation of the reports, 
the session adjourned to be reconvened 
as two separate sessions—one, under the 
chairmanship of John Howe Hall, for the 
presentation of papers on metallography 
and magnetic analysis; the other session, 
under the chairmanship of H. E. See- 
mann, for the presentation of the papers 
on radiography. The papers are listed 
below: 

Metallography and Magnetic Analysis 


presented by the author. 

Magnetic Analysis Applied to the Inspection 
of Bar Stock and Pipe'*—Theodor Zuschlag, 
presented by the author. 

Some Mechanical Tests on Aluminum 
Alloys 14S-T and 24S-T—W. B. Mechling 
andS. 5S. Jack, presented by W. Lavern Howland. 


Radiography 


Correlation of Some Mechanical Tests of 
Aluminum Alloys with X-ray Tests—Tom A. 


24 This paper does not appear in the Proceedings. It 
is expected to be published at a later date. 

ublished in ASTM No. 99, August, 1939, 
p.- 
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Triplett and W. Lavern Howland, presented by 
Mr. Triplett. 

The Use of Radiography in the Development 
of Castings for Mass Production'*—Don M. 
McCutcheon, presented by J. L. McCloud. 

Some Aspects of Radiographic Sensitivity in 
Testing with X-rays!*—H. H. Lester, presented 
by the author. 

Fine Focus Radiography—Gamma Rays— 
Gilbert E. Doan and Milton B. Vordahl, 
presented by Mr. Doan. 


ELEVENTH SESSION—SOILS 


Wednesday, June 28, 8 p.m. 


Session Co-Chairmen: F. J. Converse; 
Gregory P. Tschebotareff. 


Committee D-18 on Soils for Engineering 
Purposes: 


_ Report presented by H. F. Clemmer, 
chairman, and the following actions 
taken: 


Adopted as Standard: 


. Method of Preparing Soil Samples as Re- 
ceived from the Field for Mechanical 
Analysis and the Determination of the 
Subgrade Soil Constants (D 421 - 38 T) 

Method of Mechanical Analysis of Soils 
(D 422 - 38 T) 

_ Test for Liquid Limit of Soils (D 423 —- 38 T) 

_ Test for Plastic Limit and Plasticity Index 
of Soils (D 424 — 38 T) 

_ Test for Centrifuge Moisture Equivalent of 
Soils (D 425 — 38 T) 

Test for Field Moisture Equivalent of Soils 


- 38 T) 
Test for Shrinkage Factors of Soils D 427 - 
38 T) 


Symposium on Shear Testing of Soils: 


The Symposium on Shear Testing of 
Soils was sponsored by Committee D-18 
on Soils for Engineering Purposes in 
order to bring before the engineering 
profession the most recent developments 
in this phase of soil mechanics, and to 
provide those interested in the problem 


4 Published in ASTM BuLietin, No. 103, March, 


40. 
18 Published in ASTM BuLtetiINn, No. 100, October, 
1939, p. 33. 


with an opportunity to discuss and 
coordinate their ideas. 

Six papers comprised the symposium, 
as follows:"* 


Torsional Shear Tests and Their Place in the 
Determination of the Shearing Resistance of 
Soils—M. Juul Hvorslev presented by the author, 

Some Practical Aspects of Soil Shear Test- 
ing—Gregory P. Tschebotareff, presented by 
the author. 


Principles of Triaxial Shear Tests—C. A. 
Hogentogler and E. S. Barber, presented by 
Mr. Hogentogler. 

A Triaxial Compression Apparatus for the 
Determination of the Stress-Deformation Char- 
acteristics of Soils—John D. Watson, presented 
by the author. 

A Comparison of Results of Direct Shear and 
Cylindrical Compression Tests—Donald W. 
Taylor, presented by the author. 

Shearing Resistance of Cohesive Soil—Its 
Measurement and Practical Significance— 
W. S. Housel, presented by the author. 


TWELFTH SESSION—STEEL, FERRO- 
ALLoys, EFFECT OF 
TEMPERATURE 


Thursday, June 29, 9.30 a.m. 


Vice-President 
Past-President 


Report presented by N. i‘ Mochel, 
chairman, and the following actions 
taken: 


4 


Accepted as Tentative: ‘ 


Spec. for Alloy Steel Boiler and Superheater 
Tubes 

Spec. for Electric Resistance Welded Steel 
Heat-Exchanger and Condenser Tubes 

Spec. for Carbon-Steel Castings for Miscel- 
laneous Industrial Uses Suitable for Fusion 
Welding 


Session Co-Chairmen: 
H. H. Morgan; 
A. E. White. 


Committee A-1 on Steel: 


16 Material presented as discussion is published with 
the papers pol ate me the Symposium on Shear Testing 
of Soils as two additional formal papers, as follows: ' 

Some Investigations of the Shearing Resistance ) 
Cohesionless and Cohesive Materials, by D. M. Bur- 
miei Effects of Internal Hydrostatic Pressure on the 
Shearing Strength of Soils, by L. W. Hamilton. 
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Spec. for Carbon-Steel Castings Suitable for 
Fusion Welding for Service at Tempera- 
tures up to 850 F. 

Spec. for Alloy-Steel Castings Suitable for 
Fusion Welding for Service at Tempera- 
tures from 750 to 1100 F. ; 

Revisions of: 

Spec. for Heat-Treated Carbon- and Alloy- 
Steel Track Bolts (A 183 - 36 T) 

Spec. for High-Strength Structural Rivet 
Steel (A 195 - 36 T) 

Spec. for Seamless Carbon-Molybdenum 
Alloy-Steel Pipe for Service at Tem- 
peratures from 750 to 1000 F. (A 206- 
38 T) 

Spec. for Boiler and Firebox Steel for 
Locomotives (A 30 — 38) ; 


Adopted as Standard: 


Spec. for High-Carbon-Steel Joint Bars 
(A5- 36 T) 

Spec. for Quenched Carbon-Steel Joint Bars 
(A 49 - 36 T) 

Spec. for Normalized Quenched-and-Tem- 
pered Alloy-Steel Forgings (A 63 - 38 T) 
as revised 

Spec. for One-Wear and Two-Wear Wrought 
Steel Wheels (A 186 - 36 T), as revised 

Spec. for Carbon-Steel Castings for Miscel- 
laneous Industrial Uses (A 27 — 36 T) 

Spec. for Seamless Cold-Drawn Intermediate 
Alloy-Steel Heat-Exchanger and Con- 
denser Tubes (A 199 - 37 T) 

Spec. for Seamless Intermediate Alloy-Steel 
Still Tubes for Refinery Service (A 200 - 
37 T) 

Spec. for Low-Carbon-Nickel Steel Plates 
for Boilers and Other Pressure Vessels 
(A 203 - 37 T) 

Spec. for Carbon and Alloy-Steel Nuts for 
Bolts for High-Pressure and High-Tem- 
perature Service to 1100 F. (A 194 — 38 T) 

Spec. for Steel for Bridges and Buildings 
(A 7 —- —); representing a revision and con- 
solidation of existing Specs. A 7 — 36 and 
A9-36, with the following additional 
change, not preprinted, accepted by unan- 
imous consent, subject to favorable letter 
ballot of Committee A-1:!7 

Section 3.—Add the following as a new 

Section 3, renumbering the present sections 

accordingly: 

3. Structural Bolts.—Unless otherwise spec- 
ified, bolts to be employed in permanent con- 
nections between parts fabricated of steel 


" Committee A-1 reported results of the letter ballot 
teas follows: Of a total membership of 222, 183 members 
‘turned their ballots, of whom 103 voted affirmatively, 
negatively. 
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purchased under these specifications shall be 
subject to the requirements of Section 9 (a) 
hereof for minimum tensile strength (to be 
taken on the area at root of thread) and to 
the requirements of Section 10 hereof for 
cold bend (to be taken on the unthreaded 
portion of the bolt), and shall be exempt 
from further requirements. 

Spec. for High Tensile Strength Carbon- 
Steel Plates for Pressure Vessels (Plates 
44 in. and Under in Thickness), represent- 
ing a revision and consolidation of the 
existing Standards A 149 - 38 and A 150- 
38 

Revisions of: 

Spec. for Open-Hearth Carbon-Steel Rails 
(A 1 - 36) 

Spec. for Carbon-Steel Bars for Railway 
Springs (A 14 - 27) 

Spec. for Silico-Manganese-Steel Bars for 
Railway Springs (A 59 - 27) 

Spec. for Chrome-Vanadium-Steel Bars for 
Railway Springs (A 60 - 27) 

Spec. for Carbon-Steel Bars for Railway 
Springs with Special Silicon Require- 
ments (A 68 — 36) 

Spec. for Helical Steel Springs for Rail- 
ways (A 61 16) 

Spec. for Heat-Treated Carbon-Steel 
Helical Springs (A 125 — 33) 

Spec. for Elliptical Steel Springs for Rail- 
ways (A 62 - 16) 

Spec. for Heat-Treated Steel Elliptical 
Springs (A 147 — 35) 

Spec. for Multiple-Wear Wrought Steel 
Wheels (A 57 — 36) 

Spec. for Steel Tires (A 26 — 16) 

Spec. for Boiler Rivet Steel*and Rivets 
(A 31 36)'8 

Spec. for Open-Hearth Iron Plates of 
Flange Quality (A 129 — 33) 

Spec. for Steel Plates of Flange and Firebox 
Qualities for Forge Welding (A 89 - 33) 

Spec. for Carbon-Silicon-Steel Plates of 
Ordinary Tensile Ranges for Fusion- 
Welded Boilers and Other Pressure 
Vessels (A 201 - 38) 

Spec. for Alloy-Steel Castings for Valves, 
Flanges and Fittings for Service at 
Temperatures from 750 to 1100 F. 
(A 157 — 36) 

Spec. for Forged or Rolled Steel Pipe 
Flanges for High-Temperature Service 

(A 105 — 36) 


18 On the recommendation of Committee A-1 on Steel, 
the Executive Committee at its October, 1939, meeting 
approved postponement of this action. 
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_ Spec. for Forged or Rolled Alloy-Steel 
Pipe Flanges, Forged Fittings, and 
Valves and Parts for Service at Tem- 
peratures from 750 to'1100 F. (A 182 — 36) 

‘ Spec. for Lap-Welded and Seamless Steel 
Pipe for High-Temperature Service 
(A 106 — 36) 

_ Spec. for Billet-Steel Concrete Reinforce- 
ment Bars (A 15 - 35) 
Spec. for Axle-Steel Concrete Reinforce- 
ment Bars (A 160 — 35) 
Spec. for Electric-Fusion-Welded Steel 
Pipe (Sizes 30 in. and Over) (A 134 - 36) 

; Spec. for Electric-Fusion-Welded Steel 
Pipe (Sizes 8 in. to but not Including 
30 in.) (A 139 — 36) 

Spec. for Iron and Steel Chain (A 56 — 30) 
: Spec. for Alloy-Steel Bolting Material for 

High-Temperature Service (A 96-33), 
with the following additional change, 
not preprinted, accepted by unanimous 
consent, subject to favorable letter ballot 
of Committee A-1:!* 

Section 13.—Add a new paragraph (a) to 
read as follows, relettering the subsequent 
pa.agraphs accordingly: 

(a) For bars, one tension test shall be made 
from each tempering charge. If more than 
one heat treatment charge is represented in a 
tempering charge, one tension test shall be 
made from each heat treatment charge. If 
more than one melt is represented in a heat 
treatment charge, one tension test shall be 
made from each melt. 

Change the relettered paragraphs (6), (c) 
and (e) to read as follows by the addition of 
the italicized material and the omission of 
that in brackets (no change in paragraph (d)): 

(b) Except as specified in Paragraph (c) 
one tension test shall be made for each lot 
of 300 [100] pieces or fraction thereof of 
bolts, screws and studs for sizes up to and 
including 24 in. in diameter; or for each lot 
of 100 pieces or fraction thereof for sizes over 24 
in. (bolting material from each tempering 
charge. If more than one quenching charge 
is represented in a tempering charge, one 
tension test shall be made from each lot of 100 
pieces or fraction thereof from each quench- 
ing charge. If more than one melt is rep- 
resented in a quenching charge, one tension 
test shall be made from each lot of 100 pieces 
or fraction thereof from each melt.] 

(c) Unless required on the order, tension 
tests shall not be made on an order of less 


19 Committee A-1 reported results of the letter ballot 
vote as follows: Of a total membership of 222, 176 members 
returned their ballots, of whom 94 voted affirmatively, 
0 negatively. 
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quantity than specified in Paragraph (b) {than 
100 bolts, screws or studs]; in which case 
acceptance shall be based upon the pro- 
visions in Section 2 or 3. 

(e) If the percentage of elongation of any 
tension test specimen is less than that 
specified in Section 10 (a) and any part of 
the fracture is more than 3/4 in. from the center 
[outside of the middle three-fourths] of the 
gage length, as indicated by scribe scratches 
marked on the specimen before testing, a 
retest shall be allowed. 

Tables of permissible variations in dimen- 
sions and weight of steel plates and 
shapes, for inclusion in the following 
Specifications: A 8-38, A 141-38, A7- 
36, A9-36, A10-34, A 113-33, 
A 94 — 36, A 78 —- 33, A 195 — 36 T, A 203 
37 T, A 114-33, A 14-27, A 59-27, 
A 60-27, A 68 — 36, A 30 - 38, A 149- 
38, A 150-38, A 201-38, A 202-38, 
A 204 — 38, A 131 — 36, A 31 — 36, A70- 
36, A 129 - 33, A 89 - 33, A 107 - 36 


Withdrawal of Standards and Tentative Standards: 


Spec. for Steel for Buildings (A9- 36) 

Spec. for Quenched-and-Tempered Alloy- 
Steel Axles, Shafts and Other Forgings for 
Locomotives and Cars (A 63 — 36) 

Spec. for Quenched-and-Tempered Carbon- 
Steel Axles, Shafts and Other Forgings for 
Locomotives and Cars (A 19 - 36) 

Spec. for Carbon-Steel Forgings for Loco- 
motives (A 20 —- 31 T) 

Spec. for High Tensile Strength Carbon- 
Silicon-Steel Plates for Boilers and Other 
Pressure Vessels (Plates 2 in. and Under 
in Thickness) (A 149 — 38) 

Spec. for High Tensile Strength Carbon- 
Silicon-Steel Plates for Boilers and Other 
Pressure Vessels (Plates over 2 to 44 in., 
Inclusive, in Thickness) (A 150 — 38) 


Reaffirmation of Standards: 


Spec. for Manufacture of Open-Hearth Steel 
Girder Rails of Plain, Grooved and Guard 
Types (A 2 - 27) 

Spec. for Low-Carbon-Steel Splice Bars 


(A 3 - 33) 
Spec. for Medium-Carbon-Steel Splice Bars 
(A 4-14) 


Spec. for Soft Steel Track Spikes (A 65 33) 
Spec. for Steel Tie Plates (A 67 ~ 33) 
Spec. for Low-Carbon-Steel Track Bolts 
(A 76 — 33) it 
Spec. for Steel Screw Spikes (A 66 ~ 33) 
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The Spec. for Carbon-Steel Forgings, 
roposed as a revision of the existing 
- Standard A 18-30, were withdrawn from 
the report by the com. ‘ittee. 


hat 
Committee A-10 on Iron-Chromium, Iron- 
the Chromium-Nickel and Related Alloys: 
- Report presented by Jerome Strauss, 
chairman, and the following actions 
> taken: 
ind 
{dopted as Standard: 
33, Spec. for 12 per cent Chromium Steel Cast- 
03 ings (A 168 - 35 T) 
27, Spec. for 19 per cent Chromium Steel 
Castings (A 169 35 T) 
38, Spec. for 28 per cent Chromium Steel 
Castings (A 170 - 35 T) 
Spec. for 24 per cent Chromium, 12 per cent 
Nickel Alloy Steel Castings (A 171 — 35 T) 
ds: Spec. for 25 per cent Chromium, 20 per cent 
36) Nickel Alloy Steel Castings (A 172 - 35 T) 
ny- Spec. for 28 per cent Chromium, 9 per cent 
for Nickel Alloy Steel Castings (A 173 — 35 T) 
Spec. for 20 per cent Nickel, 9 per cent | 
Chromium Alloy Steel Castings (A174- 
for 35 T) 
Spec. for 35 per cent Nickel, 15 per cent 
cO- Chromium Alloy Steel Castings (A 175 - 
35 T) 
- Spec. for 20 per cent Chromium, 9 per cent 
- Nickel Alloy Steel Castings (A 198 - 36 T) 
Spec. for Corrosion-Resisting Chromium- 
~ Nickel Steels (Sheet, Strip and Plate) 
‘er (A 167 —- 38 T), as revised 
n., Revisions of: 
Spec. for Corrosion-Resisting Chromium 
Steels (Sheet, Strip, and Plate) (A 176 — 
38) 

Spee. for High-Strength Corrosion-Resist- 
eel ing Chromium-Nickel Steels (Sheet and 
rd Strip) (A 177 — 38) 

as 
irs Publication as Information Only: 
irs Proposed Guide for Conducting Plant Cor- 
rosion Tests; attention was called to the 
3) fact that the committee plans to submit the 
Guide to the Society for publication as 
tentative through Committee E-10 on 
Standards subsequent to the annual 
meeting. 
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Sectional Committee B36 on Standardiza- 


tion of Dimensions and Materials of 
Wrought-Iron and Wrought-Steel Pipe 
and Tubing: 


Report presented by H. H. Morgan, 
chairman. 


Committee A-9 on Ferro-Alloys: 


Report presented from manuscript, in 
the absence of the chairman, by E. A. 
Lucas, and the following actions taken: 


Accepted as Tentative: 


Revision of Spec. for Spiegeleisen (A 98 - 
38 T) 

Revision of Spec. for Ferrochromium (A 101 - 
38 T) 


Adopted as Standard: 


Revisions of: 
Spec. for Ferromanganese (A 99 — 27) 
Spec. for Ferrosilicon (A 100 — 27) 
Spec. for Ferrovanadium (A 102 — 27) 
Spec. for Ferromolybdenum (A 132 — 34) 
_ Spec. for Low-Carbon Ferromolybdenum 
(A 145 - 34) 
Spec. for Ferrotungsten (A 144 - 34) 
_ Spec. for Molybdenum Salts and Com- 
pounds (A 146 — 34) 


Withdrawal of Standards: 


Spec. for Spiegeleisen (A98-27) 
Spec. for Ferrochromium (A 101 — 27) 


Joint Research Committee on Effect of 
Temperature on the Properties of 
Metals: 


Report presented by N. L. Mochel, 
chairman, and the following papers, 
appended to the report, were presented 
as indicated: 


Report on Torsion Creep Tests for Com- 
parison with Tension Creep Tests on a 
Carbon-Molybdenum Steel—-F. L. Everett 
and C. L. Clark, presented by A. E. White. 

Report on Further Experiments with a Pro- 
posed Acceptance Test: Effect of Grain 
Size—C. L. Clark and A. E. White, 
presented by Mr. White. 

Correlation of Test Results for Various Types 
of High-Temperature Tests Carried out for 
the Joint Research Committee—E. A. 
Davis, presented by the autho:. 


a 
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The following papers were presented: 


A Work-Brittleness Test for Steel—H. W. 
Graham and H. K. Work, presented by C. C. 
Henning. 

The Alloy Casting Research Institute Test 
Block for Heat-Resisting Alloys; Its History, 
Selection and Utilization—O. FE. Harder, pre- 
sented by the author. 

Nickel-Molybdenum-Iron and Related Al- 


loys—Their Physical and Corrosion-Resistant 
Properties—F. T. McCurdy, presented by the 
author. 


THIRTEENTH SESSION BITUMINOUS 


MATERIALS, ROAD MATERIALS 


Session Co-Chairmen: President T. G. 
Delbridge; J. M. Weiss. 


Thursday, June 29, 9.30 a.m. 


Committee D-8 on Bituminous Water- 
proofing and Roofing Materials: 


Report presented by J. M. Weiss, 
chairman, and the following actions 
taken: 


Accepted as Tentative: 
Spec. for Asphalt Mastic for Use in Water- 
proofing (Asphalt Cement, Mineral Filler, 

Mineral Aggregate), to replace Specs. 

D 169 25, D 223 30and D 491 - 38 T 
Recommended Practice for Accelerated 
Weathering Test of Bituminous Materials 

Revisions of: 

Spec. for Woven Cotton Fabrics Saturated 
with Bituminous Substances for Use in 
Waterproofing (D 173 — 38 T) 

Spec. for Asphalt for Use in Constructing 
Built-up Roof Coverings (D 312 — 37 T) 

Spec. for Coal-Tar Saturated Roofing 
Felt for Use in Waterproofing and in 
Constructing Built-Up Roofs (D 227 - 
27) 

Spec. for Asphalt-Saturated Asbestos Felt 
for Use in Constructing Built-Up 
Roofs (D 259 — 27) 


Committee D-4 on Road and Paving 
Materials: 


Report presented by E. F. Kelley, 
chairman, and the following actions 

taken: 
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Accepted as Tentative: 


Revisions of: 

Spec. for Crushed Stone for Bituminous 
Macadam Base and Surface Courses 
(D 192 - 38 T) 

Spec. for Crushed Slag for Bituminous 
Macadam Base and Surface Courses 
(D 487 - 38 T) 

Spec. for Crushed Stone for Bituminous 
Concrete Base and Surface Courses 
(D 486 - 38 T) 


Adopted as Standard: 


Test for Specific Gravity and Absorption of 
Coarse Aggregate (C 127 — 36 T) 

Test for Specific Gravity and Absorption of 
Fine Aggregate (C 128 — 36 T) 

Test for Abrasion of Coarse Aggregate by Use 
of the Los Angeles Machine (C 131 - 38), 
as revised 

Test for Sieve Analysis of Fine and Coarse 
Aggregates (C 136 —- 38 T) 

Spec. for Mineral Filler for Sheet Asphalt 
and Bituminous Concrete Pavements 
(D 242 — 26 T), as revised 

Testing Emulsified Asphalts (D 244 - 36), 
as revised 

Recommended Practice for Bituminous 
Paving Plant Inspection (D 290 - 28 T), 
as revised 

Spec. for Emulsified Asphalt (for Coarse 
Aggregate Plant Mixes) (D 397 - 367), 
as revised 

Spec. for Emulsified Asphalt (for Retread 
and Coarse Aggregate Mixes) (D 398 - 
36 T), as revised 

Spec. for Emulsified Asphalt (Heavy Pre- 
mix—Summer Grade) (D 399 - 36T), as 
revised 


The following editorial change in 
Specifications D 397, D 398, and D 399 
was presented on the floor at the annual 
meeting and accepted: 


Section 3. Change the last sentence to read 
as follows by the addition of the italicized 
material and the omission of that in brackets: 

Prior to any shipments being made on projects 
requiring 20,000 gal. or more |The| a sample 
shall be taken under the supervision of the 
purchaser, from [factory storage containing] 
a lot of not less than 20,000 gal. of the emulsi 
fied asphalt and shall be kept in a clean alr- 
tight sealed [glass or black iron] container at a 


‘temperature of not less than 4 C. (40 F.) —_ 
tested. 
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Revisions of: ; 

Test for Ductility of Bituminous Materials 
(D 113 - 35) 

Spec. for Block for Granite Block Pave- 
ments (D 59 — 26) 

Spec. for Block for Recut Granite Block 
Pavements (D 131 — 23) 

Spec. for Block for Durax Granite Pave- 
ments (D 132 — 23) 

The recommendations with respect to 
Specs. D 59, D 131 and D 132, not having 
been preprinted, were approved by unan- 
jmous consent, subject to favorable letter 
ballot of Committee D-4.”° 


Withdrawal of Tentative Standards: 


Spec. for Asphalt Cement, 10 to 15 Penetra- 
tion, for the Manufacture of Asphalt 
Block (D 133 —- 23 T) 

Spec. for Asphalt Cement, 15 to 25 Penetra- 
tion, for the Manufacture of Asphalt 
Block (D 134 — 23 T) 

Spec. for Asphalt Cement, 25 to 30 Penetra- 
tion, for Use in Sheet Asphalt and Asphaltic- 
Concrete Pavements (D 163 - 23 T) 

Spec. for Asphalt Cement, 30 to 40 Penetra- 
tion, for Use in Sheet Asphalt and Asphaltic- 
Concrete Pavements (D 164 - 23 T) 

Spec. for Asphalt Cement, 40 to 50 Pene- 
tration, for Use in Sheet Asphalt and 
Asphaltic-Concrete Pavements and as 
Filler for Brick and Block Pavements 
(D 99 — 26 T) 

Spec. for Asphalt Cement, 50 to 60 Pene- 
tration, for Use in Sheet Asphalt and As- 
phaltic-Concrete Pavements and as Filler 
for Block Pavements (D 100 — 26 T) 

Spec. for Asphalt Cement, 60 to 70 Pene- 
tration, for Use in Sheet Asphalt, As- 
phaltic-Concrete and Asphalt-Macadam 
Pavements and as Filler for Block Pave- 
ments (D 101 — 26 T) 

Spec. for Asphalt Cement, 85 to 100 Penetra- 
tion, for Use in Asphalt-Macadam Pave- 
ments (D 102 - 24 T) 

Spec. for Asphalt Cement, 100 to 120 Pene- 
tration, for Use in Asphalt-Macadam 
Pavements (D 103 - 24 T) 

Spec. for Asphalt Cement, 120 to 150 Pene- 
tration, for Use in Asphalt-Macadam 
Pavements (D 135 — 23 T). 


Reversion of Standards to Tentative: 


Sampling Stone, Slag, Gravel, Sand and Stone 
Block for Use as Highway Materials, 


Committee D-4 reported the following results of the 
ttter ballot vote of a total of 91 ballots returned from a 

ung membership of 117: D 59, affirmative 47, negative 0; 
131 and D 132, affirmative 46, negative 0. 


Including Some Material Survey Methods 
(D 75 - 22) 
Sampling Bituminous Materials (D 140 — 25) 
Test for Loss on Heating of Oil and Asphaltic 
Compounds (D 6 ~ 33) 

It was announced that the recommen- 
dation for publication as information of 
the Proposed Specifications for Emulsion 
for Use in Densely Graded Cold 
Asphaltic Mixes was to be resubmitted 
to letter ballot of Committee D-4, the 
ballot to be accompanied by prepared 
statements concerning the specifications. 
Action was also taken by the committee 
to submit to letter ballot of its member- 
ship a proposal to retain the test methods 
in the report as information in case the 
proposed specifications should not be 
approved. On motion, these recom- 
mendations, to be accompanied by the 
results of the letter ballots when com- 
pleted, were referred to the Executive 
Committee of the Society.” 

The proposed revision and adoption 
as standard of Spec. for Emulsified 
Asphalt ((Quick Setting) for Penetra- 
tion and Surface Treatment) (D 401 - 
36 T) was withdrawn from the report 
by the committee. The following edi- 
torial change in these specifications was 
presented on the floor at the annual 
meeting and accepted: 

Section 3.— Change the last sentence to read 
as follows by the addition of the italicized 
material and the omission of that in brackets: 

Prior to any shipments being made on 
projects requiring 20,000 gal. or more |The] a 
sample shall be taken under the supervision of 
the purchaser, from [factory storage containing] 
a lot of not less than 20,000 gal. of the emulsi- 
fied asphalt and shall be kept in a clean air- 
tight sealed [glass or black iron] container at a 
temperature of not less than 4 C. (40 F.) until 
tested. 

The following editorial changes in the 
Spec. for Asphalt Plank (D 517 — 38 T) 
were presented on the floor at the annual 
meeting and accepted: 

20" The Executive Committee subsequently authorized 
the publication of the methods in the ASTM BuLLetin, 


No. 101, December, 1939, p. 34, but withheld the specifi- 
cations from publication. 
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Section 1.—Add the following note to the 
section on scope: 


Note.—Plain asphalt plank meeting these 
specifications are also suitable for water-proof- 
ing protection where a solid bridge floor carries 
ballasted railroad track. 


The following editorial change in the 
Test for Softening Point of Bituminous 
Materials (Ring-and-Ball Method) 
(D 36 - 36) was presented on the floor 
at the annual meeting and accepted: 


Section 3.—Change to read as follows by the 
addition of the italicized material: 

After cooling / hr. the excess material shall 
be cut off cleanly with a slightly heated knife. 


Papers: 
The following papers were presented: 


Evaluating the Adhesive Properties of 
Asphalt—August Holmes, presented by the 
author. 

Research in Soil Stabilization with Emulsified 
Asphalt—C. L. McKesson, presented by the 
author. 

Some Factors Affecting the Thermal Sus- 
ceptibility of Asphaltic Paving Mixtures— 
Roland Vokac, presented by the author. 

Degradation of Aggregates Under Road 
Rollers—Tilton E. Shelburne, presented from 
manuscript by the author. 


RounpD-TABLE DISCUSSION ON FUNDA- 
MENTAL METHODS AND TECHNIQUE 
OF SPECTROCHEMICAL ANALYSIS 


Thursday, June 29, 9.30 a.m. and 
1.30 p.m. 


Session Chairman: H. V. Churchill. 


Session Co-Chairmen: O. S. Duffen- 
dack; A. E. Ruehle; M. L. Fuller. 


The Discussion on Fundamental 
Methods and Technique of Spectro- 
chemical Analysis was sponsored by 
- Committee E-2 on Spectrographic Anal- 
ysis preliminary to a more formal sym- 
- posium at the 1940 Annual Meeting. 
__ The two sessions devoted to this pre- 
liminary round-table discussion, were 
divided as follows, certain individuals 
having been selected to lead the dis- 


cussion on these various phases of the 
subject: 


I. Fundamental Methods of Analysis: 
1. Methods of Qualitative and Semj- 
Quantitative Analysis. 
2. Method of Direct Comparison with 
Standards. 
3. Method of External Control. 
4. Method of Internal Control. 
II. Methods of Excitation: 


1. Flame. 

2. The Arc: (a) Self electrodes; (6) sup- 
porting electrodes; (c) liquid 
electrodes. 


3. The Spark. 
The Glow Discharge. 
III. Methods of Spectrophotometry: 
1. Comparison of Line Intensities With- 
out a Calibration Curve. 
2. Plate Calibration: (a) With rotating 
sectors; (b) with step-slit; (c) with 
measured spectral lines. 


ROUND-TABLE DISCUSSION ON FREEZ- 
ING-AND-THAWING TESTS 


Thursday, June 29, 2 p.m. 
Session Chairman: C. H. 

The Discussion on Freezing-and- 
Thawing Tests was arranged in view of 
the fact that although such tests have 
been applied to various types of material, 
such as ceramic materials, and concrete, 
a number of moot points still remain, 
having to do not only with the variables 
of the tests but also with the evaluation 
of the test results. 

Two formal papers submitted for the 
annual meeting program were of definite 
interest, since they dealt with certain 
phases of durability, and were accord- 
ingly presented as a part of the round- 
table discussion: namely, 


The Effect of Variations in Method upon the 
Results of Freezing and Thawing Mortars 
Bert Meyers, presented by Stanton Walker 

The Effect of Biot’s Modulus on Transient 
Thermal Stresses in Concrete Cylinders 
Gerald Pickett, presented by the author. 


There followed a spirited discussion, 
at the conclusion of which the sentiment 
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was crystallized in the form of a resolu- 
tion to the effect that it was the sense of 
the meeting that a committee be organ- 
ied under the proper auspices of the 
Society, as for example Committee E-1 
on Methods of Testing, to continue 
studies of freezing-and-thawing tests, 
looking toward the establishment of 
a suitable standard procedure, with 
the understanding that this committee 
would act as a clearing house for infor- 
mation on freezing-and-thawing tests, 
and serve in an advisory capacity to the 
interested standing committees. 


FOURTEENTH SESSION—CERAMIC AND 

Masonry MATERIALS 

Thursday, June 29,8 p.m. 
Session Chairman: M. O. Withey. 


Committee C-8 on Refractories: 


Report presented, in the absence of 
the chairman, by the Secretary-Treas- 
urer, and the following actions taken: 


Accepted as Tentative: 


Test for Fireclay and Alumina-Diaspore 
Refractories Under Load at High Tem- 
peratures (C 16 T) 

Revisions of: 

Test for Size, Warpage, and Bulk Specific 
Gravity of Refractory Brick (C 134 
~ 38 T) 

Testing High-Temperature Heat Insula- 
tion (Compression, Flexure, Shrinkage) 
(C 93 - 34 T) 

Panel Test for Resistance to Thermal and 
Structure Spalling of High Heat Duty 
Fireclay Brick (C 107 — 36) 

Panel Test for Resistance to Thermal and 
Structure Spalling of Super Duty Fire- 
clay Brick (C 122 — 37) 


Adopted as Standard: 


Test for Cold Crushing Strength and Modulus 
of Rupture of Refractory Brick and Shapes 
(C 133 - 37 T) 

Chemical Analysis of Refractory Materials 
(C 18 - 37 T) 

Symbols for Heat Transmission (C 108 - 34 T) 

Terms Relating to Refractories (C 71 — 37 T), 
three definitions 


23 


Revisions of: 

Spec. for Fireclay Brick for Malleable 
Furnaces with Removable Bungs and for 
Annealing Ovens (C 63 - 36) 

Spec. for Fireclay Brick for Stationary 
Boiler Service (C 64 — 36) 

Spec. for Refractories for the Construction 
of Incinerators (C 106 — 36) 


Withdrawal of Standards: 


Spec. for Fireclay Brick for Marine Boiler 
Service (C 65 — 28) 

Test for Refractory Materials Under Load at 
High Temperatures (C 16 — 36) 


Committee C-15 on Manufactured Ma- 
sonry Units: 


Report presented by D. E. Parsons, 
chairman, and the following actions 
taken: 


Accepted as Tentative: 


Spec. for Solid Load-Bearing Concrete 
Masonry Units 
Revisions of: 
Spec. for Sewer Brick (Made from Clay or 
Shale) (C 32 - 37 T) 
Spec. for Building Brick (Made from Clay 
or Shale) (C 62 - 37 T) 
Spec. for Glazed Building Units (C 126 - 
37 T) 


Adopted as Standard: 


Sampling and Testing Concrete Masonry 
Units (C 140 - 38 T) 

Spec. for Sand-Lime Building Brick (C 73 - 
38 T) 

Spec. for Concrete Masonry Units for Use in 
the Construction of Catch Basins and 
Manholes (C 139 — 38 T) 

Spec. for Hollow Non-Load-Bearing Concrete 
Masonry Units (C 129-38 T), as revised 

Spec. for Structural Clay Load-Bearing Wall 
Tile (C34-38T), with the following 
revision, not preprinted, accepted by 
unanimous consent, subject to favorable 
letter ballot of Committee C-15:?! 

Section 4 (c).—Add the following sentence 
to this section: 

If no cell in side construction tile, measured 
in the direction of the wall thickness, exceeds 
four times the average overall thickness of 
either the upper or lower bearing shells, 


21 Committee C-15 reported results of the letter ballot 
vote as follows: Of a total membership of 52, 40 members 
returned their ballots, of whom 37 voted affirmatively, 
1 negatively. 
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the requirements for minimum shell and 
web thickness specified in paragraph 4 (6) 
shall be waived. 
Revision of Methods of Testing Brick (C 67 
-~ 37) 
Revision of Spec. and Tests for Load-Bear- 
ing Concrete Masonry Units (C 90 - 36) 


_ The paper on “Disintegration of Face 
Brick by Crystallization of Soluble Salt,” 
by J. M. Hardesty, appended to the 
report, was presented by the author. 


Committee C-18 on Natural Building 
Stones and Slate: 


Progress report presented by Theodore 
I. Coe, chairman. 


Committee C-12 on Mortars for Unit 
Masonry: 


_ Report presented by J. W. McBurney, 
chairman, and the following actions 
taken: 


Accepted as Tentative: 
Spec. for Aggregate for Masonry Mortar 


_ The following items were withdrawn 
from the report by the committee: 


Primer on Specifications and Tests for 
Masonry Mortar 
Proposed Spec. for Mortar for Unit Masonry 


Papers: 
The following papers were presented: 


Photoelastic Analysis of a Prestressed Beam 
F. O. Anderegg, Royal Weller and B. Fried, 
presented by Mr. Anderegg. 

Sonic Method of Determining the Modulus 
of Elasticity of Building Materials Under 
Pressure—Leonard Obert, presented by the 
author. 


FIFTEENTH SESSION—METHODS 
OF TESTING 


Thursday, June 29, 8 p.m. 


Session Co-Chairmen: R. L. Templin; 
Past-President H. F. Moore. 


SUMMARY OF PROCEEDINGS 


Committee E-1 on Methods of Testing: 


Report presented by H. F. Moore, 
vice-chairman, and the following actions 
taken: 


Accepted as Tentative: 
Spec. for A.S.T.M. Thermometers (E 1 - 
39 T) 
Revision of Test for Softening Point by 
Tapered Ring Apparatus (E 28 - 36T) 


Adopted as Standerd: 


Spec. for A.S.T.M. Thermometers (E 1 - 39) 

Spec. for Sieves for Testing Purposes (Wire 
Cloth Sieves, Round-Hole and Square. 
Hole Screens or Sieves) (E 11 - 38T), as 
revised 

Bend Testing for Ductility of Metals 
(E 16 - 38 T), as revised 


Sectional Committee Z23 on Sphecifica- 
tions for Sieves for Testing Purposes: 


Informal report presented by L. T. 
Work, chairman, announcing that Speci- 
fications for Sieves prepared by the 
sectional committee and now receiving 
approval by the Society as A.S.T.M. 
Standard on the recommendation of 
Committee E-1, would shortly be sub- 
mitted to the American Standards Asso- 
ciation for approval as American Stand- 
ard. 


Papers: 
The following papers were presented: 


Rockwell Hardness of Cylindrical Specimens— 
W. E. Ingerson, presented by the author. 

Analysis of Rockwell Hardness Data—R. L. 
Peek, Jr., and W. E. Ingerson, presented by 
Mr. Peek. 

Stress-Strain-Time Characteristics of Ma- 
terials**—Glenn Murphy, presented by the 
author. 

_A Study of the Influence of Speed on the 
Torsion Impact Test—O. V. Greene and R. D. 
Stout, presented by Mr. Greene. 

Load-Weighing and Load-Indicating Sys- 
tems?*—C. H. Gibbons, presented by the author. 


22 Published in ASTM BuLtetin, No. 101, December, 


1939, p. 19. 
23 Published in ASTM Buxzeti, No. 100, October, 
1939, p. 7. 
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Tension Specimen Shape and Apparent 


‘trength—F. O. Anderegg, Royal Weller and 
9, Fried, presented by Mr. Anderegg. 


A slow-motion film entitled “The Use 
; the High-Speed Motion Picture 
Camera as a Tool in Materials Testing”’ 
yas shown through the courtesy of the 

| Telephone Laboratories. 
SESSION—CEMENT, LIME, 
GypsuM, CONCRETE 


Friday, June 30, 9.30 a.m. = 


SIXTEENTH 


Session Chairman: R. W. Crum. 


ommittee C-1 on Cement: 


Report presented by P. H. Bates, 
airman, and the following actions 
taken: 


Auepled as Tentative: 


4 ForTy-SECOND ANNUAL MEETING 


Revision of Definitions of Terms Relating 
to Lime (C 51 — 38), definition of hydrated 
lime 

Revision of Spec. for Quicklime for Use in| 
Water Treatment (C53-27), and for 
Hydrated Lime for Use in Water Treat- 
ment (C 54-27), combined into a single 
standard 


Committee C-11 on Gypsum: 
Report presented by the Chair, in the 


absence of the chairman, and the follow- 


ing actions taken: 


Accepted as Tentative: 


Revision of Testing Gypsum and Gypsum 
Products (C 26 — 33) 


Adopted as Standard: 


Spec. for Sand for Use in Plaster (C 35-36 T), 
as revised 
Revisions of: 
Definitions of Terms Relating to the 
Gypsum Industry (C 11 — 28) 


Revision of Method of Chemical Analysis of Spe for Gypsum Plasters (C 28 ~ 30) 


Portland Cement (C 114-38 T), compris- 
ing new alternate procedures for deter- 
mining free calcium oxide in cement. 


Adopled as Standard: 


Revision of Spec. for High-Early-Strength 
Portland Cement (C 74-38) 

Revision of Methods of Sampling and Testing 
Portland Cement (C 77 — 38), addition of 
test for specific gravity and recommended 
order and manner of reporting chemical 
determinations 


A motion for the acceptance as tenta- 
tive of the new Method of Test for 
Autoclave Expansion of Portland Ce- 
nent failed to receive the necessary two- 
thirds vote of those voting at the session, 
the result of the vote being 34 affirma- 
wwe and 20 negative. 


Committee C-7 on Lime: 


Report presented by J. R. Withrow, 


— and the following actions 
taken : 


dopled as Standard: 


Spec. for Sand for Use in Plaster (C 35- 
36 T), as revised 


Testing Gypsum and Gypsum Products 
(C 26 — 33) 


Sectional Committee A42 on Specifica- 
tions for Plastering: 


Progress report presented from manu- 
script by J. W. McBurney, secretary. 


Papers: 
The following papers were presented: 


Specific Surface and Particle Size Distribution 
of Finely Divided Materials—M. N. States, 
presented by the author. 

Measurement of Average Particle Size by 
Sedimentation and Other Physical Means**— 
Pierce M. Travis, presented from manuscript 
by the author. 

A Study of the Effect of Cement Content, 
Cement Fineness on Compressive Strength, 
Durability, and Volume Change of Concrete— 
Ernst Gruenwald, presented from manuscript 
by the author. 

A Flow Method for the Determination of 
the Effects of Soluble Chemicals on Concrete— 
Dalton G. Miller, Charles F. Rogers and Philip 
W. Manson, presented by Mr. Miller. 


% Published in ASTM Buttetin, No. 102, January, 
1940, p. 29. 
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26 SUMMARY OF PROCEEDINGS 


SEVENTEENTH SESSION—CONCRETE 
Friday, June 30, 2 p.m. 


Session Co-Chairmen: A. T. Goldbeck; 
Mattimore. 


Committee C-9 on Concrete and Concrete 
Aggregates: 


Report presented, in the absence of 


_ the chairman, by R. W. Crum, and the 
following actions taken: 


Accepted as Tentative: 


Revision of Test for Soundness of Aggregates f 
by Use of Sodium Sulfate or Magnesium — 


Sulfate (C 88 — 37 T) 


Adopted as Standard: 


Spec. for Concrete Aggregate (C 33 - 37 T) 
Spec. for Lightweight Aggregate for Concrete 


(C 130 37 T) 
Test for Coal and Lignite in Sand (C 123 - 
36 T) 


Test for Specific Gravity and Absorption of 
Coarse Aggregate (C 127 -- 36 

Test for Specific Gravity and Absorption of 
Fine Aggregate (C 128-36), with the 
following editorial change presented on the 
floor at the annual meeting: 

Section 2.—Change the requirement for 
calibration of the volumetric flask from 
“0.1 ml.” to read “0.15 ml.” 

Test for Sieve Analysis of Fine and Coarse 
Aggregates (C 136 — 38 T) 

Test for Yield of Concrete (C 138 — 38 T) 

Test for Clay Lumps in Aggregate (C 142 — 
38 T) 

Terms Relating to Concrete and Concrete 
Aggregates (C 125 — 36 T), four definitions 

Test for Abrasion of Coarse Aggregate by 
Use of the Los Angeles Machine (C 131 - 
38 T), as revised 

Test for Consistency of Portland-Cement 
Concrete (D 138 — 32 T), as revised 

Revisions of: 

Test for Structural Strength of Fine Ag- 
gregate Using Constant Water-Cement- 
Ratio Mortar (C 87 -36) 

Test for Unit Weight of Aggregate for 
Concrete (C 29 — 27) 

Making and Storing Compression Test 
Specimens of Concrete in the Field 
(C 31 - 38) 

Securing Specimens of Hardened Concrete 
from the Structure (C 42-31), except 

4 that the proposed addition of a new 


sentence in Section 6 was withdrawn 
the committee 
Test for Flexural Strength of Concrete 
(Laboratory Method Using Simpl 
Beam with Third Point Loading) 
(C 78 — 38) 

Making Compression Tests of Concrete 
Using Portions of Beams Broken jp 
Flexure (Modified Cube Method) 
(C 116 — 36) 

Test for Flow of Portland-Cement Concrete 
by Use of the Flow Table (C 124 - 38) 
Revision of Method for Making Compression 

Tests of Concrete (C 39-33), with the 

following additional changes, not pre- 
_ printed, accepted by unanimous consent, 

subject to favorable letter ballot of Com- 

mittee C-9;%6 

Section 14.—Change from its present form 
to read as follows: 

14. (a) Two to four hours after molding, 
the test specimens, if made in metal molds, 
may be capped with a thin cap of neat- 
cement paste. The cap shall be formed by 
means of a piece of plate glass } in. in thick- 
ness or a machined metal plate } in. in thick- 
ness and of a diameter 2 or 3 in. larger than 
that of the mold. The plate shall be worked 
on the cement paste until the plate restson top 
ofthe mold. The cement for capping should 
be mixed to a stiff paste 2 to 4 hr. before it is 
to be used in order to avoid the tendency of 
the cap to shrink. Adhesion of the concrete 
to the top and bottom plates may be avoided 
by coating them with heavy oil or grease. 

(b) If specimens are not capped with neat- 
cement paste, they shall be capped before 
testing in such a manner that the ends are 
perfectly plane and at right angles to the axis 
of the cylinder. The material used for 
capping and the thickness of the cap shall 
be such that it will not flow or fracture 
under the load. ; 

Note.—It is desirable that the capping 
material have a value for modulus of elastic- 
ity equal to or greater than that of the con- 
crete. 


Publication as Information Only: 


Proposed Method of Test for Soundness 
of Aggregates by Use of Magnesium 
Sulfate 

Proposed Method of Test for Organic Im- 
purities in Laboratory Washed Sand by 
pH Value 


26 Committee C-9 reported results of the letter bales 
vote as follows: Of a total membership of 68, 54 member 


returned their ballots, of whom 52 voted affirmatively, 
1 negatively. 
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The following papers, appended to the 
report were presented: 


A Statistical Analysis of Compression Tests 
» Mortar Cylinders, Cubes and Prisms—H,, W. 
tavitt and H. A. Pratt, presented by Mr. 
Leavitt. 

Some Observations of the Water Vapor 
Permeability of Concrete—H. J. Barre, pre- 
ented by W. M. Dunagan. 

Methods for Measuring the Passage of Water 
Through Concrete—W. M. Dunagan, presented 
by the author. 

‘Modified Procedure for Testing Concrete 
\ggregate Soundness by Use of Magnesium 
Sulfate— Charles E. Wuerpel, presented by title. 

New Laboratory Method for Determining 
e Organic Matter in Fine Aggregates—Ira 
ul, presented by the author. 


ommitlee C-13 on Concrete Pipe: 

Report presented, in the absence of 
the chairman, by E. F. Kelley, and the 
following action taken: 


Adopted as Standard: 
Spec. for Concrete Irrigation Pipe (C 118 
38 T) 
Papers: 


The following papers were presented: 


The Effect of Variations in Method upon the 


Results of Freezing and Thawing Mortars 
Bert Myers, presented from manuscript by 
‘anton Walker. 

Selection of Aggregates for Concrete Pave- 
ent Based on Service Records — Curtis Cantrill 
and Louis Campbell, presented by Mr. Cantril. 
The Effect of Biot’s Modulus on Transient 
Thermal Stresses in Concrete Cylinders 
erald Pickett; this paper, which has been 
presented at the Round-Table Discussion on 
freezing-and-Thawing Tests, was submitted by 
ile to provide additional time for discussion. 
Thermal Volume Change and Elasticity of 
\ggregates and Their Effect on Concrete—T. F. 
“ and M. E. De Reus, presented by Stanton 
valker. 


EIGHTEENTH _SESSION—NON-FERROUS 
Metats, CHEMICAL ANALYSIS 
Friday, June 30, 2 p.m. 


ession Co-Chairmen: G. E. F. Lundell; 
J. R. Townsend. 
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Report of Committee B-1 on Copper and 


Copper-Alloy Wires for Electrical Con- 


ductors: 


Report presented by W. H. Bassett, 


Jr., vice-chairman, and the following 
actions taken: 


Accepted as Tentative: 


Spec. for Figure 8 and Figure 9 Deep-Section 
Grooved Copper Trolley Wire for Indus- 
trial Haulage, with the following editorial 
changes: 

Title.—Change to read: “Spec. for Figure-9 

Deep-Section Grooved and Figure-8 Copper 

Trolley Wire for Industrial Haulage. 
Section 1 on Scope.—Change to read as 

follows: 

These specifications cover figure 9, deep- 
section grooved, and figure 8 copper trolley 
wire for use in industrial haulage (Note 1). 

Section 2. Third paragraph, before 
“Lake Copper’ add “low resistance.” 


Adopted as Standard: 


Spec. for Hard-Drawn Copper Alloy Wires 
for Electrical Conductors (B 105 — 38 T), 
as revised 

Spec. for Bare Stranded Copper Cable, Hard, 
Medium-Hard or Soft (B8-—38T), as 
revised 

Revision of Spec. for Hard-Drawn Copper 
Wire (B 1-38), with the following changes, 
not preprinted, accepted by unanimous 
consent, subject to favorable letter ballot 
of Committee B-1:76 
Section 3 (c).Change to read as follows 

by the omission of the material in brackets 

and addition of the italicized words: 

(c) Wire whose nominal] diameter is more 
than 1 mil greater than a [lies between] 
size listed in Table I shall conform to the 
requirements of the next larger size. [If 
the nominal diameter is more than 0.003 in. 
(3 mils) larger than a listed size whose diam- 
eter is 0.100 in. or over, and likewise if the 
nominal diameter is more than 0.002 in. (2 
mils) larger than a listed size whose diameter 
is less than 0.100 in.] 

Section 7..-Change to read as follows by 
addition of the italicized words and the 
omission of those in brackets: 

7. No joints shall be made in the completed 
wire. [Necessary] Joints [in the completed 


26 Committee B-1 reported results of the letter ballot 


vote as follows: Of a total membership of 30, 26 members 
returned their ballots, of whom 25 voted affirmatively, 
0 negatively. 
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: wire (Note 6) and] in the wire [and] or rods 

‘ prior to final drawing shall be made in ac- 

cordance with the best commercial practice 

(Note 6). 

Note 6.—Delete the note as preprinted and 
replace with the following: 

Nore 6.—Mechanical joints made during 
inspection at the request of the purchaser are 
permissible if agreed upon at the time of 
placing the order. 

Revision of Spec. for Medium Hard-Drawn 
Copper Wire (B 2 — 38), with the follow- 
ing changes, not preprinted, accepted by 
unanimous consent, subject to favorable 
letter ballot of Committee B-1:%6 
Section 3 (c).—Make the same change in 

this section as indicated for Section 3 (c) of 

Spec. B1 given above. 

Section 7 and Note 7.—Make the same 
change as indicated for Section 7 and Note 6 
of Spec. B 1 given above. 

Revisions of: 

Spec. for Soft or Annealed Copper Wire 

(B 3 — 38) 
Spec. for Tinned Soft or Annealed Copper 
Wire for Electrical Purposes (B 33 ~— 38) 
{ pec. for Hot-Rolled Copper Rods for Wire 
Drawing (B 49 — 26) 
Spec. for Bronze Trolley Wire (B 9 — 38) 
Spec. for Copper Trolley Wire (B 47 — 38) 


| Withdrawal of Standard: 


Spec. for Bare, Stranded Copper Cable, Hard, 
Medium-Hard, or Soft (B 8 — 36) 


— Committee B-2 on Non-Ferrous Metals 
and Alloys: 


Report presented by E. E. Thum, 
secretary, and the following action 
taken: 


Adopted as Standard: 


Spec. for Rolled Zinc (B 69-37 T), to re- 
place the present Standard B 69 — 29, this 
recommendation not having been pre- 
printed was accepted by unanimous con- 
sent, subject to favorable letter ballot of 
Committee B-2.7 


Committee B-4 on Electricai-Heating, 
Electrical-Resistance and Electric-Fur- 
nace Alloys: 


Report presented by Dean Harvey, 


- 27 Committee B-2 reported results of the letter ballot 
vote as follows: Of a total voting membership of 97 

72. members returned their ballots, of whom 40 voted 
. affirmatively, 0 negatively. 


* 


PROCEEDINGS 


chairman, and the following actions 


taken: 


Accepted as Tentative: 
Testing Nickel and Nickel-Alloy Wire and 
Ribbon for Electronic Tube Filaments 
Revision of Test for Flexivity of Thermoflex 
(Thermostatic Metals) (B 106 -37T) 


Adopted as Standard: 

Test for Temperature-Resistance Constants 
of Sheet Materials for Shunts and Pre- 
cision Resistors (B 114 — 38 T) 

Test for Linear Expansion of Metals (B 95- 
35 T), as revised 

Revisions of: 

Test for Change of Resistance with Tem- 
perature of Metallic Materials for Elec- 

_ trical Heating (B 70 30) 
Accelerated Life Test for Metallic Mate- 

rials for Electrical Heating (B 76 - 38) 
Spec. for Drawn or Rolled Alloy, 80 per 
cent Nickel, 20 per cent Chromium, for 
Electrical Heating Elements (B 82 - 34) 
Spec. for Drawn or Rolled Alloy, 60 per 
cent Nickel, 15 per cent Chromium, and 
Balance Iron, for Electrical Heating 
Elements (B 83 — 34) 


The recommendation for adoption as 
standard of the Tentative Method of 
Bend Testing of Wire (Wire for Radio 
Tubes and Incandescent Lamps) (B 113- 
38 T) was withdrawn from the report by 
the committee, the method to be con- 
tinued as tentative. 


Committee B-5 on Copper and Copper 
Alloys, Cast and Wrought: 


Report presented by C. H. Greenall, 
chairman, and the following actions 


taken: 
Accepted as Tentative: 
Spec. for Leaded Rrass Sheet and a. 
Spec. for Copper-Nickel and Copper-Nickel- 
Zinc Alloy Sheet and Strip 
Classification of Cast Copper-Base Alloys 
Spec. for Beryllium-Copper Bars, Rods, 
Sheet, Strip, and Wire, with the following 
additional changes, not preprinted, ac- 
cepted by unanimous consent, subject to 
favorable letter ballot of Committee B-5:* 


28 Committee B-5 reported results of the letter ballot 
vote as follows: Of a total membership of 74, 57 members 
returned their ballots, of whom 38 voted affirmatively, 
0 negatively. 
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Section 1.—Add the word “alloy” after 
the words “beryllium-copper.” 


Section 2 (a).—Add the word “process” — 


after the words “cold working.” 

Section 3 (a).—After ‘‘3 hr.” add the words 
“or by an equivalent process.” 

Section 3 (b).—Change from the form as 
preprinted, to read as follows, by the addition 
of the material in italics and the omission of 
the material in brackets: 

(b) The material shall be heat treated* by 
heating at 250 to 350 [300] C. (482 to 662 
(572) F.) for up to3 hr. The exact time and 
temperature shall be regulated to conform to 
the physical requirements prescribed in 
Section 7 [and 8,] and Tables II, III and 
IV [V}. 

Section 4.—In the table under section 4, 
change the second and third items to read 
as follows by the addition of the italicized 
words and the omission of those in brackets: 


Other additive elements employed to obtain 
special properties [Metals employed as grain 
growth inhibitors (such as nickel)], max., 
0.50 

Elements [Other metals] (impurities) 

other than above, max., per cent.. 0.50 

Section 8.—Delete this section, renumber- 
ing the subsequent sections accordingly. 

Table III.—Delete this table, and renum- 
ber the subsequent tables accordingly. 

Section 9.—Add an introductory sentence 
to this section, reading as follows: 

The number of hardness tests shall be not 
less than three on each of the representative 
samples described in Paragraphs (a) and (6). 

Omit Paragraph (c) from Section 9. 

Table 1V.—Under the heading Elongation 
in2in., change the last two items from “10.0” 
and “3.5” per cent to read “3.0” and “2.0” 
per cent, min., respectively. 

Table V.—Under the heading ‘Tensile 
Strength, psi., change the requirement for 

vire in the 4 HT condition from ‘180 000” 
to read “175 000” psi., min. 

Under the heading Elongation in 2 in., 
change the second, fourth and sixth items 
from “5,” “3”? and “1.5,” per cent, min., to 
read “1.5,” “1.0,” and “0.5,” per cent, min., 
respectively. 

Spec. for Copper-Base Alloy Forging Rods; 
with the addition to the title and text of 
the specifications of the words “Bars and 
Shapes.” 


* Heat treatment must be carried out ae to soft 
t 


annealing. It may be carried out afler soft annealing 
ond cold working where higher strengths are desired. 
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Spec. for Nicke!-Silver Alloys (Nickel-Brass) 


_ in Ingot Form for Sand Castings, with the 


following additional changes: 
_ Title: Change to read “Spec. for Leaded- 
Nickel-Brass and  Leaded-Nickel-Bronze 
(Nickel-Silver) Alloys in Ingot Form for 
Sand Castings.” 

Section 4 (b).—Change the word “may” 
to “shall.” 

Table I.—After the heading Zinc, add a 
footnote a to read as follows: 


@ Zinc may be taken as remainder provided copper is 
determined. 


Under the heading Other Elements, max., 
per cent, delete the values for Aluminum and 
insert the word ‘‘none”’ with a footnote 5}, 
reading as follows: 


’ None is defined as less than 0.005 per cent as deter- 
mined by A.S.T.M. Tentative Methods of Chemical 
Analysis of Brass Ingots and Sand Castings 
(B 45 - 36 T) 


Appendix.—In the first table in the ap- 
pendix, under the heading Alloy, add the 
names for the alloy numbers as follows: 
Leaded-nickel brass, for Nos. 1 and 2; 
Leaded-nickel bronze and brass, for No. 3; 
and Leaded-nickel bronze, for No. 4. Add 
the following footnote to the leaded-nickel 
bronze and brass: 

6 This alloy is termed leaded-nickel brass if zinc is 
above 10 per cent, and leaded-nickel bronze if zinc is 
below 10 per cent. 

Revisions of: 

Spec. for Sheet and Strip Phosphor Bronze 
(B 103 - 36 T) 

Spec. for Copper and Copper-Alloy Seam- 
less Condenser Tubes and Ferrule Stock 
(B 111 - 38 T) 

Spec. for Manganese-Bronze Ingots for 
Sand Castings (B 7 — 27) 

Spec. for Manganese-Bronze Sand Cast- 


ings (B54-27) 


Adopted as Standard: 


Spec. for Sheet Copper-Silicon Alloy (B 97 - 
36 T) 
Spec. for Copper-Silicon Alloy Rods, Bars, 
and Shapes (B 98 - 36 T) 
Spec. for Copper-Silicon Alloy Wire for Gen- 
eral Purposes (B 99 - 37 T) 
Revisions of: 
Spec. for Copper Water Tube (B 88 — 33) 
Spec. for Manganese-Bronze Ingots for 
Sand Castings (B 7 - 27) 
Spec. for Manganese-Bronze Sand Castings 
(B 54 — 27) 


i 


SUMMARY OF 


Spec. for Aluminum-Bronze 


(B 59 — 38) 


Reversion of Standards to Tentative: 


Castings 


Spec. for Copper Pipe, Standard Sizes 


(B 42 — 33), as revised 
Spec. for Seamless Copper Tubing, Bright 
Annealed (B 68 — 33), as revised 
Spec. for Brass Pipe, Standard Sizes (B 43 - 
33), as revised. 


Withdrawal of Standard: 
Spec. for Brass Forging Red (B 15 — 18) 


The committee withdrew from its 
report as preprinted the recommendation 
for withdrawal of the Standard Specs. 
for Copper Bars for Locomotive Stay- 
bolts (B 12 — 33), and for Seamless Brass 
Boiler Tubes (B 14 - 18). 

The committee also withdrew from 
its report the recommendation for the 
adoption as standard of the Tentative 
Specifications for Copper-Silicon Alloy 
Plates and Sheets (B96~—-36T), and 
it was announced that revisions in these 
specifications would be presented to the 
Society through Committee E-10 on 
Standards, subsequent to the annual 
meeting. 


The following papers, appended to 
the report, were presented by the 
authors: 

Nomenclature and Classification of Cast 
- Copper and Copper-Base Alloys—Sam Tour. 
Service and Life of Non-Ferrous Tubes in 
Petroleum Refining?®—E. S. Dixon. 


Committee B-6 on Die-Cast Metals and 
Alloys: 
Report presented by J. R. Townsend, 
chairman, and the following actions 
taken: 


Accepted as Tentative: 


Revisions of: 


Spec. for Lead and Tin-Base Alloy Die 
Castings (B 102 — 35 T) 
Spec. for Aluminum-Base Alloy Die Cast- 
ings (B 85 — 37 T) 


a Published in ASTM BuLtetin, No. 102, January, 
1940, p. 21. 


PROCEEDINGS 


Spec. for Magnesium-Base Alloy Die \doph 

Castings (B 94 — 37 T) Me 

A paper on “Magnesium Alloy Die 
Castings,” by A. W. Winston, to be 

appended to the report, was presented § /4P¢ 

from manuscript by the author. Th 

Committee B-7 on Light Metals and Al- iy 

loys, Castand Wrought: 


Report presented by Sam Tour, 
chairman, and the following actions 
taken: 


Accepted as Tentative: 7 
Spec. for Aluminum-Base Alloys in Ingot 
Form for Die Castings 
Spec. for Aluminum Alloy Ingots for Remelt- 
ing (B 24-39 T) 
Spec. for Aluminum for Use in Iron and Steel 
Manufacture (B 37 - 39 T) 
Revisions of: 
Spec. for Aluminum-Alloy (Duralumin) 
Sheet and Plate (B 78 — 36 T) 
Spec. for Aluminum-Alloy (Duralumin) 
Bars, Rods, and Shapes (B 89 - 36T) 
Spec. for Magnesium-Base Alloy Ingot for 
Remelting (B 93 — 38 T) 
‘Spec. for Aluminum-Magnesium-Chro- 
mium Alloy Sheet and Plate (B 109- 
36 T) 


Adopted as Standard: 
Magnesium Ingot and Stick for Remelting 
(B 92 ~- 36 T) 
Withdrawal of Standards: 


Spec. for Aluminum Ingots for Remelting 
(B 24 - 29) 

Spec. for Aluminum for Use in the Manufac- 
ture of Iron and Steel (B 37 - 26) 


Committee E-2 on Spectrographic Anal- 
ysis: 
Report presented by H. V. Churchill, 
chairman. 


Committee E-3 on Chemical Analysis of 
Metals: 


Report presented by G. E. F. Lundell, 
chairman, and the following action 


taken: 


— 
| 
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Adopted as Standard: The Determination of Silicon in Certain 
Aluminum Alloys Containing Silicides—T. A. 
Wright and John Jicha, presented from manu- 


y Die 
Methods of Chemical Analysis of Steel, Cast 
Iron, Open-Hearth Iron, and Wrought 


. “+ ah script by Mr. Wright. 
Die iron (E 30 36 T) The Spectrographic Analysis of Tin— 
to be ; ; J. Warren Stewart, presented by the author. 
ented Papers: 


The following papers were presented: There being no further business, the 


2 Spectral Emissivity (at 0.65 4) of Some Al- chairman then declared the Forty- 
nao ys for Electrical Heating Elements—W. F. second Annual Meeting adjourned sine 
Roeser, presented by title by the author. die. 
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GLIMPSES AT PETROLEUM > 


ANNUAL ADDRESS BY THE PRESIDENT 


T. G. DELBRIDGE! 


June 27, 1939 


You will readily appreciate the doubt, 
hesitation, and no small degree of hu- 
mility with which a President of the 
American Society for Testing Materials 
approaches the privilege and duty of 
preparing a paper to go into our Society 
archives as a Presidential Address. It 
may not be unseemly this year to devote 
a part of our time to petroleum, a mate- 
rial that is of very great present im- 
portance to AS.T.M. It is of even 
greater importance to your President 
personally than it is to the Society. 
Its importance to each of you, per- 

sonally, is probably greater than you 

perceive. If this presentation is of some 
slight interest, if it adds a bit to your 
individual knowledge, and particularly 
if it stimulates a somewhat greater reali- 
= of civilization’s reliance on pe- 
_ troleum, then its purpose will have been 
served. Because of the many aspects 
_ of petroleum, and particularly because 


your time and probably your patience 
are not unlimited, it is hoped that the 
title, “Glimpses at Petroleum,” will be 
- followed literally enough to encourage 
your attention. 
Crude petroleum, frequently called 
— “crude oil” or just “crude,” is a natural 
mineral product. The A.S.T.M. defi- 


1 Manager, Research and Development Dept., The 
antic Refining Co., Philadelphia, Pa. 
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nition states that it is: “A naturally 
occurring mixture, consisting predomi- 
nantly of hydrocarbons, and/or of 
sulfur, nitrogen and/or oxygen deriva- 
tives of hydrocarbons, which is removed 
from the earth in liquid state or is ca- 
pable of being so removed.” As to 
occurrence, crude petroleum is found in 
many countries, though the United 
States still produces more than half of 
the world total. It occurs at various 
depths below the surface, ranging from 
surface seepage to many thousands of 
feet. In the A.S.T.M. definition, the 
word “mixture” is truly deserving of 
italics, if not capital letters. Not only 
do most crude petroleums contain liter- 
ally thousands of individual chemical 
compounds, but there is a tremendous 
variation in the proportions of these 
compounds. One crude oil may contain 
hundreds of compounds, found not at 
all or only in traces in another. As 4 
result, crude oils vary widely in physical 
and chemical properties. For example, 
the color of crude petroleum ranges from 
practically colorless, through yellow, 
orange and red to a brown so dark as to 
appear practically black. In specific 
gravity, the range is from heavier than 
water to a specific gravity only two- 
thirds that of water. In consistency, 
the variations are from a fluid thinner 
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than water to a semiplastic solid. Thus 

yr first glimpse at petroleum makes it 
dear that the name crude petroleum is 
generic and that each crude oil has some- 
what the same individuality as a tree 
or a vegetable. 

Having at least some idea of what 
cude petroleum is, it is of interest to 
inquire whence it came and when. 
While many different theories have been 
advanced as to its origin, the one most 
yenerally favored is that petroleum has 

me from a slow chemical transforma- 
tion of marine organic matter deposited 
as sediments on the muddy bottoms of 
alt seas that existed millions of years 
ago. In general, petroleum is produced 
fom sedimentary rocks and from those 
which, while old in years, are compara- 
tively young from the viewpoint of the 
geologist. It concerns us but little 
whether this slow evolution of petroleum 
began eighty million years ago or a hun- 
dred million. Nature’s laboratory has 
produced a marvelous product, marvel- 

usnot only in composition and varieties 
but possibly most of all in the slowness 
with which these many crude petroleums 
came into being. In passing, we may 

note that coal is probably derived in a 
somewhat similar way from vegetation 
gradually engulfed in the fresh water of 
inland seas of bygone ages. 

Perhaps we should now take a glimpse 
it petroleum as to its age in human 
mands. When it was first found and 
ied by man is not known, but refer- 
ences to it are at least thousands of years 
id. Quantities appear to have been 
uegligible and the uses were weird, in- 
uding medicinal ones. Around 1800, 
the slight film of petroleum floating on 
Uil Creek in western Pennsylvania was 
recovered by carefully laying blankets 

0 the surface until the oil had been 

wringing them. Sold 
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as a panacea for human ills, this crude 
oil was doubtless just about as effective 
as a rabbit’s foot or a bag of asafetida. 
In 1859, near Titusville, Pa., Col. E. 
L. Drake drilled his famous well. At 
69 ft. he struck oil. This Drake well 
produced about 20 barrels per day for a 
short time. Other wells were drilled 
promptly and in 1860 the country’s 
production was estimated at half a 
million barrels per day. A new industry 
had been born. It started to grow at a 
phenomenal rate. New problems were 
in the making for the explorer, for the 
driller, the chemist, the engineer, for 
the merchant and the banker, and for 
the American Society for Testing Mate- 
rials. So while petroleum goes back to 
the ichthyosaurus geologically, and back 
to Noah or Herodotus historically, it 
became an engineering material and the 
basis of a mighty industry only eighty 
years ago. 

The old saying goes, “‘Oil is where you 
find it.” To find oil as a seepage from 
the earth’s surface is easy, if there is 
such a seepage. To find oil a hundred 
feet below the earth’s surface is not easy. 
To find it miles below the surface is a 
colossal task. Even in early days, ge- 
ologists were frequently employed to 
search for petroleum. ‘They had active 
competition from the numerous indi- 
viduals who employed “divining rods” 
and other magic. The story of these 
magic devices and methods for finding 
oil is interesting reading, interesting not 
only on account of their absurdity but 
on account of their variety and the in- 
genuity of some of the mechanical con- 
trivances. Probably perpetual motion 
machines and “‘il finders” will continue 
to occupy the attention of cranks as 
long as man survives. The only magic 
that has ever led to finding petroleum 
is that magic which is the product of 
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science, planned and at least partially 
understood. No procedure is known 
today which actually locates oil. Pos- 
sibly no such method will ever exist. 
There are methods, however, which are 
fairly successful in locating sub-surface 
rock structures of a kind which experi- 
ence has shown may carry petroleum. 
Today hundreds of scientists are apply- 
ing known principles of geology, physics, 
chemistry, paleontology and other sci- 
ences to this art of locating favorable 
rock structures. In taking this glimpse 
at petroleum, it is important to remem- 
ber that oil may be only a few hundred 
feet below the surface but is usually more 
than a mile down. ‘Thus you will appre- 
ciate some of the difficulties. Among 
the methods employed in locating favor- 
able sub-surface rock formations are 
those which measure density differences 
“ as determined by the torsion balance, 
1agnetic properties, and behavior toward 
electricity and toward seismic vibrations. 
From the venerable science of earth- 
quakes, a new seismology has been de- 
veloped by geophysicists seeking oil. 
In the early days of seismographic ex- 
ploration it was not uncommon to ex- 
plode a charge of several hundred pounds 
of dynamite to generate a seismic wave. 
Today, with instruments of greater sensi- 
tivity and with better technique, a few 
pounds of dynamite properly placed and 
exploded make it possible to survey 
seismographically over a five-mile sur- 
face range and to a depth of somewhat 
one mile. 
In spite of all the scientific progress 
_ made in methods of exploration for pe- 
troleum, there is only one man who can 
prove that oil exists at a certain depth 
below any surface locality. That man 
is not the geologist, nor the paleontolo- 
gist, nor the geophysicist. In fact he is 
- not a scientist at all but an artist—the 
driller—who practices one of the most 
difficult of all arts. Drilling is the 
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only known test for the presence of oil, 
It is no exaggeration to refer to the 
driller as a fine artist. Picture to your- 
self an oil derrick in a prairie or in g 
swamp or even over the ocean. From 
this derrick a hole is drilled into the 
earth, and from time to time the drill js 
removed and the hole cased with special 
pipe to keep it open. Drilling is con- 
tinued, most of it through solid rock. 
Day after day and week after week the 
drill goes down until, perhaps two miles 
below the surface, oil is struck or the 
well is given up asa dry hole. The deep 
well of 1938 was 15,000 ft. deep—nearly 
3 miles. When oil is struck—and par- 
ticularly at great depths — it is usually un- 
der tremendous pressure, say 5000 Ib. per 
sq.in. Such pressure, in spite of precau- 
tions and safeguards, is sometimes 
enough to blow drill and casing out of 
the well like a projectile fired from a 
mighty gun. When this happens lucky 
oil becomes a catastrophe, for when an 
oil well blows out, the oil usually takes 
fire. To extinguish a flaming torch 
hundreds of feet high and _ burning 
thousands of gallons of crude oil per 
minute is another one of the petroleum 
industry’s numerous gigantic problems- 

gigantic in hazard, in cost and in de- 
mand for promptness, ingenuity and 
patience. 

Examining another aspect of drilling, 
suppose two oil wells are started at the 
surface several hundred feet apart. The 
drills go straight down or almost straight 
down for a few hundred feet. Then 
suppose one of them is deflected slightly 
by an unusually hard rock formation. 
Perhaps a few thousand feet below the 
surface, the two drills meet and tangle. 
Not even the Greeks had a name for 
such a mixup. The problem of drilling 
straight down became more important 
as well depths increased. Again science 
made its contributions, and today wells 
can be drilled practically straight with 
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be help of instruments which record 
leviation from the vertical with remark- 
ble accuracy. We now know how to 
ill straight holes, even three miles 
ep. We do not know how to avoid 
{rilling dry holes—and dry holes cost as 
much to drill as gushers. Of all the 
wells drilled in the United States during 
recent years, about 25 per cent have 
ben dry holes. Because most wells 
are put down in proven territory, a 
etter idea of the odds against striking 
il by drilling in new regions is given by 
the statement that in 1937 over 80 per 
cent of such wildcat wells were failures. 
In our next glimpse at petroleum, we 
shall assume that at large cost we have 
prospected for oil, that we have pur- 
hased or leased the necessary land, that 
ehave drilled two miles into the earth 
and in spite of all the probabilities 
against us we have actually struck oil 
and have succeeded in controlling its 
low without fire or other disaster. 
Crude oil in a swamp or other wilderness 
is scarcely more useful than it was ten 
thousand feet below the surface. To 
ecome useful it must be transported to 
arefinery. ‘Thus, with crude petroleum 
tthe well, we are only at the start of a 

imey. Oil transportation by modern 
methods developed by the petroleum 

lustry is a major factor in the great 
eduction in price of petroleum products. 
il pipe lines in the United States have 
‘total length well over 100,000 miles; 

twater transportation, vessels are in 
s¢ of varying sizes up to a capacity of 
5,000 barrels. The most modern 

nkers of this enormous size can be 


aded or discharged in less than 24 hr. 
ita rate of one thousand tons per hour. 
The storage of petroleum at the well, 
tthe point of delivery to the carrier, 
and at the destination is in itself a huge 
ask. The many hazards of handling 
‘i inflammable liquid have been reduced 
“an almost negligible point by modern 
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developments which have at the same 
time greatly reduced the earlier sub- 
stantial loss by evaporation of gasoline, 
the volatile component of petroleum. 
Tanks with floating roofs, with col- 
lapsible roofs, with breather balloons, 
with insulation against sun heat, with 
pressure and vacuum relief valves, flame 
arresters and automatic gaging devices— 
all these are only part of the develop- 
ments applied by the engineer to oil 
storage problems. 

With the crude petroleum found, pro- 
duced, and transported to a refinery, it 
is still only crude petroleum and not fit 
for any use—except perhaps for killing 
the larvae of mosquitoes. It will not 
even grow human hair, in spite of a not 
inconsiderable use for that purpose by a 
trusting public— possibly including your- 
self. Distillation has been and still is 
the most important single refining proc- 
ess applied to petroleum. From _ the 
early batch stills charging only a few 
barrels and later a few hundred barrels 
of crude petroleum, the industry now 
operates continuous distillation units in 
which the oil is heated to suitable high 
temperature while being pumped at high 
velocity through pipe coils arranged in 
huge furnaces. The mixture of vapor- 
ized and unvaporized oil is passed into 
fractionating towers of complicated de- 
sign, construction, and operation with 
heat exchangers, coolers, condensers, 
control instruments, and safety devices. 
One such so-called pipe still usually 
processes five thousand barrels of crude 
oil daily and often the capacity is several 
times this figure. ‘This primary distilla- 
tion continuously splits the crude oil into 
the stocks from which are made, respec- 
tively, gasoline, kerosine, lubricating oil, 
wax, asphalt, and the many other forms 
of refined petroleum so intimately asso- 
ciated with our modern way of living. 
The subsequent steps in refining are 
varied, depending on the nature of the 
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.crude oil; the product specifications to 
be met, and to some extent on the 
refiner’s preference. 

At this point, it is desirable to focus 
your attention on a development out- 
side the petroleum industry which has 
had a profound effect on its growth and 
on its rate of growth. That develop- 
ment was the horseless carriage. At the 
end of the last century, the horseless car- 
riage was beginning to get out of the 
museum class and to creep out on the 
highways and even to creep along the 
highways. These somewhat grotesque 
vehicles required petroleum: as gasoline, 
as lubricating oil, as grease and other 
lubricants. Without petroleum, no 
horseless carriage—at least not in mo- 
tion. But the horseless carriage cap- 
tured the American public—it became 
an automobile—it gained in looks, in 
speed, in dependability. It put a real 
drain on the gasoline available from 
petroleum. During and following the 
World War, aviation also put a further 
demand on petroleum for gasoline and 
for lubricants. The American petro- 
- leum industry was not found lacking in 
courage, research, engineering, nor in 
the tremendous financial investment 
necessary to keep automobiles running 
on the ground, motor launches operating 
on water, and to keep airplanes in the 
air. In the last twenty-five years, we 
have learned how to convert into gaso- 
line by chemical methods enough of 
crude petroleum to supply twice as much 
gasoline per barrel of crude oil as is con- 
tained in the oil itself. This fact, 
coupled with the better fuel quality of 
today’s gasoline, means that approxi- 
mately twice as much crude petroleum 
would be required for the production of 
today’s gasoline requirements had not 
science and engineering developed the 
numerous processes for transforming 
into gasoline the practically nonvolatile 
fractions of crude petroleum. It is an 
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opportune time to say to you that the 
petroleum industry could not have kept 
your automobiles running had it not 
been for the ferrous and other metal 
alloys developed by engineers and metal- 
lurgists, many of whom have been active 
in the American Society for Testing 
Materials. 

While the petroleum industry has 
made enormous improvements in its 
various branches during the last quarter 
century, improvements which have made 
better and better products at lower and 
lower selling price, it has throughout that 
period recognized the profitability of 
employing competent workers and pay- 
ing them well. As a typical example, 
the U. S. Department of Labor reports 
that in December, 1938, those engaged in 
the production and refining of crude 
petroleum received an average hourly 
rate of pay almost 50 per cent higher 
than the average for all manufacturing 
industries. This not only explains why 
we have many oilmen with forty and 
even fifty years of active service, but it 
is a considerable factor in maintaining 
efficient operation, in the rapid adapta- 
tion to new apparatus and new processes, 
and, most important of all from the 
humanitarian angle, in the safety con- 
sciousness of the workman, for himself 
and for his fellow workers. 

Another vital factor in the constant 
extension of better petroleum products 
at lower prices is the increasing atten- 
tion and support given to research. In 
addition to their own laboratories and 
research staffs, many of the oil com- 
panies support specific research projects 
at our universities and employ as con- 
sultants some of the most eminent 
scientists and engineers in our land. 
Cooperation with other industries in 
research on problems of mutual interest 
has been found highly profitable. A 
number of these cooperative projects 
have been with A.S.T.M. participation. 
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To some of us it seems highly probable 
that research in all branches of the 
setroleum industry will become increas- 
ingly important to keep step with the 
ontinuing increase in better perform- 
ance requirements imposed on practi- 
ally every petroleum product marketed 
today. 

In these various glimpses at petro- 
jum, it is hoped that the absence of 
satistics has been recognized and pos- 
bly appreciated. If any of you desire 
statistics, it will be a pleasure to give 
witable references on request. On this 
wcasion, however, you will perhaps be 
receptive to two statistical statements 
rating to gasoline in the United States 
and comparative between 1938 and 
1923, fifteen years earlier. First, ex- 
duding tax, the average retail price per 
gallon in 1923 was 50 per cent higher 
than in 1938. Second, in spite of the 
enormous increase in the gasoline sales 
tax, the average price of gasoline, in- 
duding the tax, is about two cents a 
gallon less than it was fifteen years ago. 

Some idea as to how long our petro- 
um reserves are likely to last is our 
next glimpse at petroleum—and in this 
ase the word “glimpse” is peculiarly ap- 
propriate. Obviously no specific answer 
an be given to the question. During his 
thirty years work in petroleum, your 
President has seen successive estimates, 
nany of them indicating that the exhaus- 
on of our petroleum was not remote. 
ff the 1908 estimate had been correct, 
re would have no petroleum today. If 
the 1918 estimate had been correct, this 

untry’s petroleum would have been 
ahausted about nine years ago. The 

“39 estimate of proven reserves is 
‘out 17 billion barrels and at the con- 
umption rate of 1938 this proven re- 
“ve alone would last only fourteen 
(ars. But advanced methods of ex- 
oration, of drilling, and of recovery 

¢ been and are not only increasing 
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the proven reserve but they are opening 
up almost unsuspected possibilities in 
future reserves not yet proven. In 1909 
a deep well was 6000 ft., in 1929 it was 
9000; in 1938, 15,000 ft. Not only is 
there an increase in the proportion of oil 
recovered from a given field, but new 
methods are being applied whereby old 
fields that were thought to be exhausted 
are again producing. In one Pennsyl- 
vania field, for example, water drive 
methods have demonstrated a reserve 
that is greater than all the oil taken out 
of that field in the past seventy years. 
If you must have an answer to the 
question “How long?”’, perhaps 150 years 
is none too high. Therefore, if any of 
you have sons or grandsons or daughters 
or great-granddaughters who want to 
enter the petroleum industry, it probably 
offers a more permanent outlet for hard 
work and keen competition than almost 
any business other than food and poli- 
tics. 

The American petroleum industry is 
of considerable importance to the Ameri- 
can Society for Testing Materials for 
several reasons. As consumer, the pro- 
ducing, refining, transportation, and 
marketing branches are purchasers of 
large quantities of metal, both ferrous 
and non-ferrous; of cement, timber, and 
paint; of rubber, textiles, and electrical 
supplies. In fact all branches of the 
industry are sizeable consumers of nearly 
all the materials now within the scope 
of A.S.T.M., including both soap and 
water for industrial purposes. There- 
fore, the petroleum industry not only 
requires and uses A.S.T.M. Standards 
with respect to these materials of which 
it is a consumer, but it cooperates sub- 
stantially in the formulation of standards 
for such materials. Furthermore, as a 
producer, the petroleum industry manu- 
factures products which are somewhat 
unique with A.S.T.M. in that many of 
them are of direct personal interest to 
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the individual consumer. There are 
doubtless many of you who have never 
bought a pound of silicon steel nor even 
one bag of portland cement. Presum- 
ably, nearly every one of you buys gaso- 
line and various petroleum lubricants, 
while statistics show that you are buying 
an increasing amount of furnace oil. 
Through petroleum products, therefore, 
the Society has a very direct contact with 
the private individual as well as the large 
industrial user. Another way in which 
the petroleum industry has shown its 
very sincere interest in the American 
Society for Testing Materials is in at 
least average participation in the work 
of our administrative committees. 
However, as a concluding glimpse at 
petroleum, it is your President’s opinion, 
without reservation of any kind, that 
the petroleum industry is indebted to 
A.S.T.M. far in excess of such services 
as it has performed for A.S.T.M. The 
Society has been the forum in which 
petroleum men as producers could dis- 
cuss broad and specific problems with 
consumers. ‘The Society has been the 
medium through which it has been pos- 
sible to standardize many test methods 
for petroleum products including gaso- 
line, kerosine, lubricants, fuel oils, as- 
phalts, waxes, paint thinners, and in- 
sulating materials. The Society has 
again and again been the coordinator of 
research, of argument, of experimenta- 
tion and of collaboration that has led 
to practically universal benefit to the 
ultimate consumer. A specific case will 
well illustrate such a benefit. 
Some years ago numerous automobile 
drivers complained of difficulty in start- 
ing their motors on cold mornings. In- 
vestigation of these complaints showed 
that the explanation lay, not in gasoline 
quality, but in the facts that winter 
driving was increasing and that engine 
clearances had been reduced. Earlier 
studies had shown that lowering the 
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viscosity of the oil in the crankcase 
gave satisfactory starting at lower tem- 
peratures. Accordingly, the motor man- 
ufacturers promptly revised their recom- 
mendations as to the viscosity of motor 
oil for cold weather driving. While 
this reduced the number of complaints, 
it did not eliminate them. Further 
study indicated that the Saybolt method 
of measuring viscosity was not accurate 
enough to predict whether at low tem- 
perature, such as 0 F., a given oil would 
be fluid enough to permit easy starting 
and yet viscous enough to lubricate 
safely after the motor had _ reached 
operating temperature. The Society of 
Automotive Engineers then requested 
A.S.T.M. to develop a more accurate 
method. As a result, kinematic viscosi- 
meters of the capillary tube type have 
been standardized and the results are so 
accurate and reproducible that the oil 
refiner can now predict, with full confi- 
dence, the behavior of his lubricating 
oils when used even at extremely low 
temperatures. The great importance of 
this A.S.T.M. contribution to the oil 
industry and to the public is evident. 
Other examples of our Society’s benefits 
to the petroleum industry are numerous, 
such as substitution of relatively simple 
laboratory examinations for expensive 
and time-consuming engine tests for 
various qualities in gasoline, including 
permissible vapor pressure, starting, 
gum stability, and others. 

It is hoped that these glimpses at 
petroleum may have been of interest 
to some of you and that to all of you 
it will be evident that the petroleum 
industry is courageous, progressive, 
keenly alert to the value of “the pro- 
motion of knowledge of the materials 
of engineering and the standardization 
of specifications and the methods of 
testing” and therefore deeply indebted 
to the American Society for Testing 
Materials. 
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ANNUAL REPORT OF THE 


The Executive Committee offers the 
following report on general Society 
activities for the year ending with this 
annual meeting: 


Membership: 


The membership of the Society on 
June 1, 1939, was 4199. Statistics 
showing gains and losses in the various 
classes of membership are as follows: 


Membership 


EXECUTIVE COMMITTEE 


listed in the order of acquiring mem- 
bership: 


The International Nickel Co., Inc. 

The B. F. Goodrich Co. 

The Detroit Edison Co. _ 
Bakelite Corp. 

Phillips Petroleum Co. 

General Electric Co., Schenectady Works 


Aluminum Co. of America 
Vanadium Corporation of America 
United States Gypsum Co. 


Additions Total 


Losses 
Class of Membership 
5 | | 8 si | $ | eial 
= | | a a | 6 8 
Honorary 3 6 | 3 3 | 3 
fe or Perpetuity......... 10 | 10 
Sustaining 2\| 2 9 |: 9 
Company, Firm, etc........| 1016 | 1022 34 Ci 8 | 12 7 53 | 54 60 6 
Individual, etc............. 3062 | 3090 } 141 43 | 16 232 220 248 28 
53 50 6 3 12 18 21 18 
Ee ae eee 4156 4199 181 54 25 35 35 303 295 | 338 43 a 
331 | 356 | 33 | 137 9 204 179 | 204 | 25 
Loss. 


The net gain for the year of 43 com- 
pares with 164 for the preceding year 
and 251 for two years ago. Losses from 
resignations and delinquencies are higher 
and elections to membership lower than 
lor the preceding year, which is probably 
a direct reflection of adverse industrial 
conditions. The number of student 
members increased from 331 to 356. 

_It is gratifying to report substantial 
Increase in the number of Sustaining 
Members, from 12 to 21. The following 
ine sustaining memberships have been 
acquired since the first of the year by 
transfer of an existing company or 
individual membership, the names being 


A number of companies are giving 
thoughtful consideration to this form of 
membership, representing as it does 
increased financial support of the So- 
ciety’s activities, and the Executive 
Committee is encouraged in the belief 
that a further substantial increase in 
sustaining membership will come about. 
Assurance of sympathetic interest has 
been given by a number of other com- 
panies who are only awaiting favorable 
industrial conditions to become sus- 
taining members. 

Three honorary members were elected 
at the annual meeting last year, namely, 
Frank O. Clements, William K. Hatt 


ae 
a 


There are now 


and Herbert F. Moore. 
six honorary members of the Society. 
At the annual meeting last year 
certificates commemorating forty years 
of continuous membership from 1898 
were awarded to the following nine 
individual and five company members: 


Frank A. Barbour 

Allan W. Dow 

William K. Hatt 

Alexander Jarecki 

Andrew Lundteigen 

William Mueser 

Alvah Horton Sabin 

Albert Sauveur 

Arthur N. Talbot 

American Foundrymen’s Association 


Bethlehem Steel Co. 


Booth, Garrett & Blair 
Carnegie Steel Co. 
Franklin Institute 

Similar certificates will be awarded at 
this annual meeting to the following 
who have been members continuously 


since 1899: 


W. H. Broadhurst 
Frank G. Kennedy, Jr. 
Robert W. Hunt Co. 
The Lowe Brothers Co. 

The Executive Committee wishes to 
express its appreciation to the many 
members of the Society and to the 
several district committees who have 
given their help and cooperation in the 
important work of building up Society 
membership. Present industrial condi- 
tions make it all the more necessary to 
carry this work forward with unabated 
vigor. 

The Society has lost the following 
members through death: 


Date of 
Membership 

Bolton, Edward John............... 1938 
1929 
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1908 
Luss, Henry J. 1924 
McCulloch, John . 1909 
Seley 

1936 


Many of these members were engaged 
in the technical or administrative work 
_of the Society, among them, H. C. Jen- 
-nison, Frederick Kenney, Grant Monk, 

C. B. Murray, Allen Rogers, Albert 
{ Sauveur, and J. B. Young. Doctor 
Rogers had shortly before his death 
been elected to membership on the 
Executive Committee. Doctor Sauveur 
had been a member since the very in- 
_ ception of the Society and was the Edgar 
_ Marburg Lecturer last year. Mr. Young 
had been chairman of Committee A-1 on 


~ Steel and A-2 on Wrought Iron, and had 


“served on the Executive Committee. 


Committee Activities: 


The work of the committees during 
the past year, as recorded in their annual 
reports to the Society at this meeting, 
has been unusually productive. The 
committees have reviewed their stand- 
ards and tentative standards to bring 
them up to date, and to see that tenta- 
tive standards and tentative revisions of 
standards are considered for adoption as 
standard. Furthermore, the resetting 
of all standards in the new double- 
column format, referred to later in this 
report, has required consideration by 
the committees of many editorial ques- 
tions, which frequently have led to 
revisions that are being proposed for 
immediate adoption at this meeting. 
Several of the newer committees are 
presenting substantial reports this year. 
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Throughout all this committee 
activity, there is seen a continual and 
apparently growing demand from in- 
dustry for more knowledge of properties 
of materials and for the recording of 
such knowledge in methods of test and 
specifications. This is of course gratify- 
ing and indicative of the great need for 
the kind of work the Society is doing. 
At the same time, it places a great 
responsibility upon the Society and its 
committees to see that our research 
activities are carried out thoroughly, 
that our standards are based upon the 
best and fullest knowledge obtainable, 
and that the greatest care is exercised 
by the committees to see that all sides 
of a question at issue are fully considered 
and all parties having a proper interest 
have opportunity to be heard. The 
very fact that A.S.T.M. standards are so 
widely accepted as authoritative makes 
this responsibility all the greater. 

The current reports of Committees 
E-9 on Research and E-10 on Standards 
deal with certain phases of the com- 
mittee work and, supplemented by 
reviews that will appear in the August 
and October issues of the ASTM 
BULLETIN, give a general summary of 
the committee activities. 

The organization in recent years of 
three new committees, namely, C-14 
on Glass and Glass Products, D-6 on 
Paper and Paper Products, and D-20 
on Plastics, has raised certain questions 
of jurisdiction in relation to the work of 
Committee D-9 on Electrical Insulating 
Materials, which has long been engaged 

n development of tests for glass, paper, 
and plastics in their use for electrical 
insulation. Committee D-9’s work in 
the field of glass has been largely con- 
fined to glass insulators, and the develop- 
ment of standards for that product has 
been assigned to Committee D-9; 
furthermore, in order that the committee 
may keep in touch with the more 
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general studies of glass by Committee 
C-14, it has been arranged that D-9 be 
represented officially upon C-14. 

Committee D-9 has written various 
tests for electrical insulation paper, some 
of which are of general application and 
will be of interest to Committee D-6 as 
its work on general paper testing 
methods is developed. Accordingly, 
formal representation of each com- 
mittee upon the other has been arranged, 
with the understanding that electrical 
tests will continue to be written by 
Committee D-9 and that the two com- 
mittees will cooperate in the develop- 
ment of general tests that may apply 
to insulating paper. 

The situation with respect to plastics 
is somewhat more involved because of 
the extensive use of plastics in electrical 
insulation and the large amount of work 
that Committee D-9 has done in this 
field. A joint meeting of the advisory 
committees of Committees D-9 and 
D-20 has served to define the problem 
of coordination in its various aspects. 
It appears desirable for Committee 
D-9 to continue its work on plastics, 
both as to electrical as well as other 
tests, but with respect to the latter to 
keep in touch with Committee D-20’s 
work in the general field. Arrange- 
ments have been made for exchange of 
minutes of meetings between the officers 
and subcommittee chairmen of the two 
committees; formal cross-representation 
is thought to be unnecessary in view 
of the existing duplication in member- 
ship. Nevertheless, on specific projects 
formal representation may be arranged; 
such arrangement has already been 
made to facilitate cooperative work on 
temperature and humidity control in 
testing. 

A joint advisory committee consisting 
of two representatives from each of 
Committees C-8 on Refractories and 
C-16 on Thermal Insulating Materials 
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was formed to facilitate coordination of 
the activities of the two committees. 
On the recommendation of Committee 
E-10 on Standards, the Executive Com- 
mittee has authorized the formation of 
a new standing committee on Sulfur 
Cements. The use of this material is 
increasing and need has been expressed 
by both producers and users for stand- 
ard tests and specifications for the 
product. Municipalities and other large 
users of sulfur cements as pipe jointing 
materials are faced with the problem of 
writing specifications and it appears 
that the Society might perform a valu- 
able service in undertaking the develop- 
ment of standards. It is hoped to 
organize the committee next fall. 
Committee C-9 on Concrete and Con- 
crete Aggregates has with the approval 
of the Executive Committee established 
the Sanford E. Thompson Award, as an 
annual token of recognition to the author 
or authors of a paper of outstanding 
merit on concrete and concrete aggre- 
gates presented at an annual meeting 
of the Society. The award is named in 
honor of the first chairman of the com- 
mittee. The purposes are to stimulate 
research, encourage the presentation 
u. xesults of investigations that extend 
the .nowledge of concrete and concrete 
aggregates, and to recognize meritorious 
efforts. The award is $50 with a suit- 
able certificate, funds for the award 
having been provided by Committee 
C-9. The committee on award will 
consist of three members of Committee 
C-9 appointed by its Advisory Commit- 
tee. It is intended that the award be 
made annually unless in the opinion of 
the committee on award there is no 
paper in a given year worthy of the 
honor. ‘he award will be made at a 
session on Concrete during the annual 
meeting of the Society following that at 
which the paper was presented. The 
Executive Committee commends and 
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thanks Committee C-9 for the estab- 
lishment of this award. : 


Administrative Regulations: 


The following revisions of Articles II] 
and IV of the Regulations Governing 
Standing Committees have been agreed 
upon jointly by the Executive Com- 
mittee and Committee E-5 on Standing 
Committees and are here announced to 
become effective September 15, 1939, 
with the understanding that all changes 
involving amendment of the By-laws 
as noted later in this report will require 
approval by letter ballot vote of the 
Society. Committee E-10 on Standards 
has cooperated most effectively in de- 
veloping these revisions of the Regula- 
tions, having done much of the actual 
work of rewriting. 


Article III. Standards and Recom- 
mended Practice.—Change from its pres- 
ent form to read as follows: 


10. Standards.—The term “Standards” shall 
be applied collectively to standard specifica- 
tions,“ standard methods,* and standard defini- 
tions that have been approved by the sponsoring 
committee and adopted by the Society in ac- 
cordance with the procedure established therefor 
(Sections 14 and 15). 


@ Specifications are designed to govern the purchase of 
materials in terms of physical, chemical, or other proper- 
ties. Methods include sampling and test procedures used 
in determining the properties that may be specified but 
not values for these properties. 

11. Tentative Standards.—The term “Ten- 
tative Standards” shall be applied to those 
specifications, methods, and definitions that 
have been approved by the sponsoring commit- 
tee and accepted by the Society in accordance 
with the procedure established therefor (Sections 
14 and 15), for publication and use preliminary 
to adoption as standard, thus providing op- 
portunity for suggestion and criticism. 

12. Recommended Practices. The term 
“Recommended Practices” shall be applied to 
processes and methods not ordinarily subject 
to contract between purchaser and manufac- 
turer. 

13. Nature of Committee Recommendations 
Regarding Standards._Recommendatiens of 
standing committees regarding standards may 
cover: 
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(a) Adoption as standard (immediate adop- 
tion or adoption after publication as tentative), 
revision of standard (immediate adoption or 
adoption after publication of revision as tenta- 
tive), tentative revision of standard. 

(b) Acceptance of tentative standard, re- 
vision of tentative standard. 

c) Publication of draft of proposed standard 
as information. 

(d) Withdrawal of standards, tentative 
standards, and tentative revisions of standards. 

Normally a proposed standard is first recom- 
mended for publication as tentative although in 
exceptional cases it may be recommended for 
immediate adoption as standard (see Section 
15 (c)). At the end of one year, committees 
are expected to consider whether a tentative 
standard shall be adopted as standard with or 
without revision, or continued as tentative with 
or without revision. Similarly, revisions of 
standards are normally published as tentative 
for one year and then presented for incorpora- 
tion in the standard. 

A proposed standard recommended for pub- 
lication as tentative should represent the best 
technical information available and should be in 
reasonably final form. Prior to reaching this 
state of development it may be desirable at 
times to make available a draft of the proposed 
standard by publication as information, either 
in the committee report or in the ASTM 
BULLETIN. 

14. Procedure Governing Recommendations 

n Standards.—Recommendations of standing 

mmittees affecting standards shall be agreed 

upon only at meetings called for that purpose. 
An affirmative vote amounting to two-thirds 
{ those voting shall be required on all recom- 
nendations affecting standards, subject to 
onfirmation by letter ballot of the entire com- 
mittee on which an affirmative vote amounting 
to two-thirds of those voting” shall also be re- 
red. The number of affirmative, negative, 
and “not-voting” ballots® shall be included in 
i report of the committee to the Society. 
the number of negative votes on the letter 
ballot exceeds 10 per cent of the sum of the 
afirmative and negative votes, the report to the 
Society shall also contain a classification of the 
total vote as to producers, consumers, and 
general interests. (See Section 2 (h).) 
Dissenting members shall have the right 
present minority reports, individually or 
intly, at the time at which the majority report 
$ presented. 
“Those voting” consists of those casting either an 


“irmative or a negative vote. 
Not-voting” ballots are those returned so marked. 


— 
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15. Procedure Governing the Promulgation 
of Standards: 

(a) Acceptance of tentative standards, ten- 
tative revisions of standards, and revisions of 
tentative standards, and withdrawal of stand- 
ards, tentative standards, and tentative re- 
visions of standards, shall be either by action 
of the Society as provided in Paragraphs (6), 
(c), and (d) or of the Committee on Standards 
as provided in Paragraph (e). Adoption of 
standards and of revisions of standards, how- 
ever, shall only be by action of the Society in 
annual meeting followed by letter ballot of the 
Society. 

(b) An affirmative vote, amounting to two- 
thirds of those voting at the annual meeting, 
shall be required on all committee recommenda- 
tions, except those involving immediate adop- 
tion of standards and immediate revision of 
standards. (For procedure on these exceptions 
see Paragraph (c).) These committee recom- 
mendations may be amended by an affirmative 
vote amounting to two-thirds of those voting, 
subject to approval of the revised recommenda- 
tion by letter ballot of the committee; however, 
if the revised recommendation is rejected by 
the committee, the original committee recom- 
mendation shall be considered as approved by 
the Society and the proposed revision shall be 
referred to the committee for study and report 
at the next annual meeting. 

(c) If immediate adoption as standard is 
recommended, either of a proposed new stand- 
ard or of a revision of an existing standard 
without the usual preliminary publication as 
tentative, a nine-tenths rather than a _ two- 
thirds affirmative vote shall be required. In 
this case no amendment on the floor of the meet- 
ing shall be permitted, except with unanimous 
consent. 

(d) Action of the Society at the annual meet- 
ing on the adoption or revision of standards is 
subject to approval by letter ballot of the So- 
ciety, an affirmative vote amounting to two- 
thirds of those voting being required, except, 
that in the case of the immediate adoption of a 
standard or of the immediate revision of a 
standard without the usual publication as tenta- 
tive, a nine-tenths rather than two-thirds affirm- 
ative vote shall be required. 

(e) Committee recommendations on accept- 
ance of tentative standards, tentative revisions 
of standards, and revisions of tentative stand- 
ards, and on withdrawal of standards, tentative 
standards, and tentative revisions of standards, 
may also be presented between annual meetings 
to the Committee on Standards for action on 
behalf of the Society. The Committee on 
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Standards shall determine whether the require- 
ments of the Society relating to committee 
procedure have been met and whether the 
committee has reached a satisfactory consensus. 
During consideration of the recommendation of 
a standing committee, representatives of the 
committee may be present and participate in the 
discussion. If the Committee on Standards 
takes favorable action upon the recommenda- 
tion, the standing committee shall report the 
action in its next annual report. 

16. Procedure for Recommended Practices.— 
The requirements of Sections 14 and 15 shall 
be applicable also in the establishment of recom- 
mended practices. 

17. Matters of Engineering Design.—(This 
is the present Section 13 and is being continued 
without change.) 

18. Standards Involving Patents.—(This is 
the present Section 16 and is being continued 
without change.) 


Article IV.—To be revised as follows: 

Section 17.—Change the first four 
paragraphs of the present Section 17 
(changed to 19) read as follows by the 
additionof the italicized words and the 
omission of those in brackets: 


19. Reports at Annual Meetings.—The 
reports of standing committees shall be pre- 
sented at the annual meetings. [The report of 
every] Subcommittees shall [be made] report 
to the parent committee and not to the Society 
direct. If [such] a subcommittee report is [em- 
bodied] appended wholly or in part [in] to the 
report of the parent committee [to the Society], 
the latter shall make definite reference[s] to 
such features [in its own report] and recom- 
mendations [if any, based thereon] that the 
committee wishes to present to the Society. 

Standing committees shall include in their 
annual reports, in concise form, a statement of 
the essential facts regarding the origin of all 
proposed [new] standards and the reasons for 
proposing [amendments] revisions in existing 
standards and tentative standards. Appro- 
priaie data respecting [new] proposed methods 
of test or proposed [modifications] revisions of 
existing methods of test shall be included in 
such annual reports or filed with Committee E-1 
on Methods of Testing, as may seem preferable. 
Reference to available publications shall be 
accepted as appropriate data. 

Standing committees shall include in their 
annual reports, or in a formal statement to the 
Executive Committee of the Society in case 
there is no report for a given year, their reasons 
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for continuing a tentative standard or tentative 
revision of an existing standard in the tentative 
status for more than [three] two years without 
revision or without recommendation for [ad- 
vancement to] adoption as standard. 

In the year in which the Book of Standards 
is issued, standing committees shall report, 
either to the Society or to the Executive Com- 
mittee, whether all standards within their 
respective jurisdictions that have stood for six 
years or more without revision are still consid- 
ered to be in accord with present practice and 
requiring no revision. Should they so desire, 
standing committees may reapprove a standard of 
which no revision is found necessary, for the pur- 
pose of having such reapproval indicated on the 
standard, but without changing the year of adop- 
tion. Such reapproval shall require an affirmative 
letter ballot vote of the committee amounting to 
two-thirds of those voting, but shall not require a 
confirming letter ballot of the Society. 


(Remainder of this section continued 
without change.) 

Section 18. Reports Between Annual 
Meetings.—Change to Section 20 and 
continue without revision except for 
references to section numbers. 

Section 19. Advance Distribution of 
Reports.—Change to Section 21 and 
continue without revision. 

Articles V to X, incl.—Change the 
section numbers in these articles to agree 
with the revised numbering. 


The revisions of Article III accom- 
plish several things. Most important, 
perhaps, is a restatement of the Society’s 
standardization procedure in clearer and 
more understandable form, with respect 
both to standing committee and general 
Society procedure. The new Section 13 
sets forth directly the various courses 
of action available to the committees 
in their development of standards. 
Section 14 is merely a restatement of 
the present section. Section 15 is also 
essentially a restatement of present 
procedure, with certain modifications 
necessitated by changes in the methods 
of publishing tentative standards, as 
noted hereinafter. The development 
of the Society’s standardization activi- 
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ties has made it advisable to permit 
adoption of revisions of standards at 
any annual meeting as a regular rather 
than a special procedure and this is 
provided for in the revised Regulations. 
Moreover, immediate adoption of a new 
standard or of a revision of a standard 
without preliminary publication as 
tentative is given the status of a regular 
rather than an irregular or unusual 
procedure, although two new provisions 
are included: first, in Section 15 (c), 
that when immediate adoption is recom- 
mended, no amendment on the floor 
of the meeting shall be permitted except 
with unanimous consent; and second, 
in Section 16 (d), that the subsequent 
letter ballot of the Society, when im- 
mediate adoption has been recom- 
mended, shall require a _nine-tenths 
affirmative vote for adoption instead of 
the usual two-thirds vote. 

Of possibly equal importance is the 
decision to continue the “tentative 
status” in the standardization pro- 
cedure. The significance and standing 
f the A.S.T.M. tentative standard 
have been the subject of some discussion 
in recent years, and a thorough study 
of this phase of our standardization 
procedure has been made. The chair- 
men and secretaries of standing com- 
mittees, including the membership of 
Committee E-5, were invited to express 
their views. ‘These views, briefly sum- 
marized, were that the tentative status 
should be continued, since most of the 
committees find it helpful in the develop- 
ment of standards; that in general the 
term “tentative” is preferable to other 
terms, such as “provisional”; and that 
the committees should in general seek 
adoption as standard more promptly. 
There was no general agreement as to 
whether there should be a definite time 
limit by which tentative standards must 
be adopted as standard or discontinued, 
~a Proposal that has been advanced at 
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various times. From this review of the 
subject it is recognized that some 
standards proposed by our committees 
for acceptance as tentative are prac- 
tically in final shape and might almost 
warrant immediate adoption as 
standard, while others are in a very 
preliminary stage and represent perhaps 
the first attempt in arriving at a stand- 
ard. There is a rather definite feeling 
that the latter should preferably be 
published not officially as tentative but 
simply as information. 

After careful consideration of these 
views, as well as those of many other 
members and certain of the district 
committees, the revisions in those por- 
tions of Articles III and IV of the Regu- 
lations dealing with tentative standards 
were agreed upon. In Section 11 a new 
definition of the term “tentative stand- 
ard” is given, which recognizes the dual 
purpose of publication and use prior to 
adoption as standard and opportunity 
for suggestion and criticism. In Section 
13 it is set forth that a tentative standard 
should represent the best technical in- 
formation available and should be in 
reasonably final form; otherwise, prior 
to reaching this state of development, 
drafts of proposed standards should be 
published for information either in the 
annual committee report or in the ASTM 
BULLETIN. Finally, in order to speed 
up, where desirable, the advancement 
from tentative to standard, present Sec- 
tion 17 of Article IV is being revised by 
changing from three to two years the 
period within which the committee must 
give reasons for continuing a tentative 
standard without revision or advance- 
ment to standard. One of the principal 
criticisms of the tentative status has 
grown from the practice of continuing 
tentative standards for comparatively 
long periods of time, and it is desired to 
place considerable emphasis on securing 
prompter action in advancement to 
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standard. However, a proposal that 
tentative standards should either be 
advanced to standard within a year or 
dropped has seemed too drastic for adop- 
tion at this time. 

Two other details are covered in these 
revisions. Definite provision is made 
for the procedure of withdrawing stand- 
ards, which had not previously been 
covered. Then, in Article IV, Section 
17, as revised, there is provided a pro- 
cedure for reapproval by a standing com- 
mittee of a standard of which no re- 
visions are found necessary after a period 
of years. It is intended to indicate the 
fact of reapproval on the printed stand- 
ard, but without change of the year of 
adoption. Committees may find such 
confirmation desirable, as showing that 
the standard is up-to-date despite the 
absence of any revisions for a number of 
years. 

The Executive Committee has con- 
sidered a suggestion that the members of 
standing committees shall serve thereon 
for a stated term, such as two years, 
thus involving periodic reappointment 
of all standing committees. This sug- 
gestion had been made in connection 
with the general question of termination 
of memberships on standing committees 
which had led to a modification of Sec- 
tion 2 (f) of the Regulations Governing 
Standing Committees, as reported a year 
ago. It was finally decided that any 
formal regulation covering periodic ter- 
mination and reappointment of standing 
committees is inadvisable. 

Some consideration has also been 
given by the Executive Committee and 
Committee E-5 on Standing Committees 
to the procedure on the floor of the an- 
nual meeting in receiving and acting 
upon committee recommendations af- 
fecting standards and tentative stand- 
ards. The following procedure, which 


was tried out at the annual meeting last 
year and seemed to remedy some of the 


difficulties that developed under earlier 
procedures, has been adopted for use 
hereafter: 

The committee chairman will present 
his repert with all of its recommenda- 
tions for standards and tentative stand- 
ards and through suitable motion will 
ask for action collectively on these rec- 
ommendations. The presiding officer 
will ask if there are any objections, giy- 
ing ample time for objections to be 
registered from the floor. If there are 
no objections he will simply declare the 
motion adopted without calling for a 
formal vote. If there are objections the 
meeting must act separately on the one 
or more of the committee’s recommenda- 
tions to which objection has been made, 
and may then act collectively on the 
remainder. 

The significant feature of this proce- 
dure is that it requires those who object 
to any recommendation of a standing 
committee to voice their objections so 
that such recommendation may be 
singled out for specific consideration. It 
places the burden of responsibility on the 
dissenter and more or less insures that 
the meeting will hear a reasonably ade- 
quate discussion of a disputed recom- 
mendation before it is asked to vote upon 
it. In this connection the Executive 
Committee suggests that members of 
standing committees who may dissent 
from a portion of the committee’s report 
should make greater use of minority re- 
ports as provided in the Regulations. 


Proposed Amendments of the By-laws: 
The Executive Committee recom- 
mends that the following amendments 
of the By-laws be referred to a letter 
ballot vote of the Society for adoption: 


Article II, Section 3.—Change the 
second sentence, covering the reporting 
of the results of the ballot on the elec- 
tion of officers, from its present form to 
read as follows by the addition of the 
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italicized word and the omission of those 
in brackets: 


[The letter ballot shall close at noon on the 
lay preceding the opening of the Annual Meet- 
ing, and the result of the ballot shall be an- 
nounced during [at the close of the first session 
if] the Annual Meeting. 


Article IV, Section 2.—Change the 
second sentence to read as follows by the 
addition of the italicized words and the 
omission of those in brackets: 


He may appoint any other officer or member 
of the Society to preside at any designated ses- 
n of a meeting [the Annual Meeting]. 


Article V, Section 1.—Change to read 
s follows by the addition of the itali- 
cized words: 


Section 1. The Society shall meet annually, 
for the transaction of its business, including actions 
tandards, at a time and place fixed by the 
Executive Committee. Twenty-five members 
ll constitute a quorum. 


Vew Article VI.—Insert a new article 
as Article VI to read as follows, re- 
numbering the present Articles VI, VII, 
VIII and IX accordingly: 


ArticLe VI. ADMINISTRATIVE AND OTHER 
COMMITTEES 


Section 1. The Executive Committee shall 
reate such committees and shall delegate to 
these committees such powers and functions as 
t finds desirable for the conduct of its business 

d for carrying out the purposes for which the 
ociety has been organized, including the for- 
ation of committees for the development of 
tandards. 


Old Article VI (Renumbered Article 
II1)—Replace the present Section 1 
the following five sections: 


Section 1. The term “Standards” shall be 
pplied collectively to standard specifications, 
tandard methods, and standard definitions that 
ve been approved by the sponsoring commit- 
¢ and adopted by the Society in accordance 
th the procedure established therefor. 
Section 2. The term “Tentative Standards” 
hall be applied to those specifications, methods, 
nd definitions that have been approved by the 
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sponsoring committee and accepted by the 
Society in accordance with the procedure es- 
tablished therefor, for publication and use 
preliminary to adoption as standard, thus pro- 
viding opportunity for suggestion and criticism. 

Section 3. The term “Recommended Prac- 
tices” shall be applied to processes and methods 
not ordinarily subject to contract between 
purchaser and manufacturer. 

Section 4. The procedure governing the 
promulgation of standards shall be as follows: 

(a) Acceptance of tentative standards, tenta- 
tive revisions of standards, and revisions of 
tentative standards, and withdrawal of stand- 
ards, tentative standards, and tentative re- 
visions of standards, shall be either by action of 
the Society as provided in Paragraphs (0), (c), 
and (d) or of the Committee on Standards as 
provided in Paragraph (e). Adoption of stand- 
ards and of revisions of standards, however, 
shall only be by action of the Society in annual 
meeting followed by letter ballot of the Society. 

(b) An affirmative vote, amounting to two- 
thirds of those voting at the annual meeting, 
shall be required on all committee recommenda- 
tions, except those involving immediate adop- 
tion of standards and immediate revision of 
standards. (For procedure on these exceptions 
see Paragraph (c).) These committee recom- 
mendations may be amended by an affirmative 
vote amounting to two-thirds of those voting, 
subject to approval of the revised recommenda- 
tion by letter ballot of the committee; however, 
if the revised recommendation is rejected by 
the committee, the original committee recom- 
mendation shall be considered as approved by 
the Society and the proposed revision shall be 
referred to the committee for study and report 
at the next annual meeting. 

(c) If immediate adoption as standard is 
recommended, either of a proposed new stand- 
ard or of a revision of an existing standard with- 
out the usual preliminary publication as tenta- 
tive, a nine-tenths rather than a two-thirds 
affirmative vote shall be required. In this case 
no amendment on the floor of the meeting shall 
be permitted, except with unanimous consent. 

(d) Action of the Society at the annual meet- 
ing on the adoption or revision of standards is 
subject to approval by letter ballot of the Soci- 
ety, an affirmative vote amounting to two-thirds 
of those voting being required, except, that in 
the case of the immediate adoption of a standard 
or of the immediate revision of a standard with- 
out the usual publication as tentative, a nine- 
tenths rather than two-thirds affirmative vote 
shall be required. 

(e) Committee recommendations on accept- 
ance of tentative standards, tentative revisions 
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of standards, and revisions of tentative stand- 
ards, and on withdrawal of standards, tentative 
standards, and tentative revisions of standards, 
may also be presented between annual meetings 
to the Committee on Standards for action on 
behalf of the Society. The Committee on 
Standards shall determine whether the require- 
ments of the Society relating to committee 
procedure have been met and whether the com- 
mittee has reached a satisfactory consensus. 
During consideration of the recommendation of 
a standing committee, representatives of the 
committee may be present and participate in the 
discussion. If the Committee on Standards 
takes favorable action upon the recommenda- 
tion, the standing committee shall report the 
action in its next annual report. 

Section 5. The requirements of Section 4 
shall be applicable also in the establishment of 
recommended practices. 


Renumber the present Section 2 as 
Section 6. 

Articles VII, VIII, 1X.—Renumber 
VIL, TX, X. 


The amendments proposed in Articles 
If, IV, and V are substantially self- 
explanatory. The amendment to in- 
sert a new Article VI on “Administra- 
tive and Other Committees” is proposed 
for the purpose of providing definitely 
in the By-laws for the creation by the 
Executive Committee of various com- 
mittees, such as standing, research, and 
administrative committees. This has 
long been a function of the Executive 
Committee under authority of Article 
IV, Section 1, vesting the general man- 
agement of the Society in the Executive 
Committee, but it is believed desirable 
to set forth this specific authority sepa- 
rately because of its fundamental im- 
portance. 

The amendment of Section 1 of pres- 
ent Article VI, which will become Article 
VII, Sections 1 to 5 inclusive, is directly 
related to the foregoing revisions in the 
Regulations Governing Standing Com- 
mittees dealing with definitions of stand- 
ards and tentative standards and the 
procedure governing the promulgation 
of standards. It will be seen upon 
comparison that the proposed new Sec- 
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tions 1 to 5 follow exactly, except for a 
few minor editorial changes necessitated 
by the context, Sections 10, 11, 12, 15 
and 16 of the proposed revised Regula- 
tions Governing Standing Committees, 
Reference should be made to the discus- 
sion in connection therewith, which is 
equally applicable to this proposed 
amendment of the By-laws. 


District Committees: 


The district committees have done 
excellent work during the year in the 
interest of the Society, through the 
holding of local meetings under their 
sponsorship, through activities in secur- 
ing new members, and in other ways. 
The Executive Committee wishes to 
express its appreciation to the officers 
and members of the district committees 
for the time and thought that they are 
devoting to this important work. 

A new district committee, the ninth, 
was organized as the St. Louis District 
Committee on January 20, 1939, under 
the chairmanship of Past-President Her- 
mann von Schrenk. An account of this 
meeting, together with the personnel of 
the committee, appeared in the March 
ASTM Buttet1n. St. Louis is the cen- 
ter of a large and important industrial 
area and the members in that region 
have strongly supported the organiza- 
tion of this new committee. Plans are 
under way for a fall meeting under the 
sponsorship of the committee. 

In September, 1938, the Secretary- 
Treasurer visited the Northern and 
Southern California District Commit- 
tees, conferring with them on their ac- 
tivities and their relationship with the 
work of the Society. Despite the physt- 
cal handicap of distance from the center 
of Society activities, or possibly because 
of this very handicap, there is keen 1n- 
terest in many phases of Society work 
on the part of A.S.T.M. members 10 
these localities. It is important to bring 
our Pacific Coast members as closely 
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as possible into the activities of the 
Society, especially of its committees, and 
the district committees have been asked 
to recommend competent members for 
grvice on a number of the Society’s 
standing committees. Considerable 
progress has been made in recent years in 
this direction. Increased local activi- 
ties in the form of meetings sponsored 
by the district committees have been 
agreed to be desirable. 

The third conference of officers of dis- 
trict committees was held during the 
Regional Meeting at Columbus in 
March, 1939. In addition to discussing 
several purely administrative questions, 
the conference brought out the impor- 
tance of so developing the work of the 
Society that it will make a strong appeal 
to junior technologists in the industries 
ofthe country. It was believed that the 
district committees might help to ad- 
vance this purpose by sponsoring meet- 
ings in the various districts of such a 
nature technically as to appeal particu- 
larly to such persons. The point was 
made that it is not sufficient to provide 
such programs at annual meetings of the 
Society since it is difficult for juniors in 
industry to attend the annual meetings. 


Meetings: 


The various meetings held during the 
past year have been fully reported in the 
ASTM BuLLETIN so it is sufficient here 
simply to cite them as a matter of official 
record with an expression of apprecia- 
tion to the many members and commit- 
tees who helped to make these meetings 
successful. 

The tenth Regional Meeting and 
pring group meetings of committees 
were held at Columbus, March 6 to 10, 
1939, and featured two technical ses- 
‘ions: one dealing with the subject of 
Lime, under the auspices of Committee 
C-7 on Lime, and the other with Heat 
Insulating Materials, under the joint 


auspices of Committees C-8 on Refrac- 
tories and C-16 on Thermal Insulating 
Materials. The total registration was 
570, with upwards of 150 committee, 
subcommittee, and section meetings. 
Plans for the meeting were developed by 
a special committee of Columbus mem- 
bers serving under the chairmanship of 
C. E. MacQuigg. 

The following local meetings were held 
under the auspices of the respective dis- 
trict committees: In Philadelphia on 
October 17, 1938; in Pittsburgh on No- 
vember 14, 1938; in New York on No- 
vember 17, 1938; in Detroit on April 
19, 1939; in Cleveland on April 20, 1939; 
in Los Angeles on April 24, 1939; and in 
Chicago on May 18, 1939. Accounts of 
each of these meetings have appeared or 
will appear in the ASTM BUvuttetin. 
President Delbridge attended the meet- 
ings at Philadelphia, Detroit, and Cleve- 
land, and Vice-President Morgan those 
at Pittsburgh and Chicago, conveying 
appropriate greetings from the Society 
to the members and guests present. 
The Secretary-Treasurer conveyed simi- 
lar greetings on behalf of the President 
at the New York meeting. 

Plans for a regional meeting this year 
in San Francisco during the Golden 
Gate Exposition were deemed not to be 
feasible after consideration with the 
Northern California District Commit- 
tee. 

As to meetings during the coming year, 
the Executive Committee announces 
that the next Regional Meeting and 
spring group committee meetings will 
be held in Detroit, March 4 to 8, 1940. 
The next annual meeting will be held at 
Atlantic City, June 24 to 28, 1940. 


Publications: 


The Society’s publications in the very 
nature of things represent its most im- 
portant single activity inasmuch as they 
are the tangible expression of the results 
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of the Society’s work through its com- 
mittees and through the papers and dis- 
cussions at its various meetings. In ad- 
dition to the normal publication activi- 
ties, under Committee E-6 on Papers and 
Publications important changes in cer- 
tain publications, as explained below, 
have served to make this an unusually 
busy publication year. 

The following regular publications were 
issued and distributed to the members: 


1938 Proceedings: Part I (Committee Re- 
ports) 1404 pages; Part II (Technical Papers) 
680 pages; total 2084 pages, 4700 copies each 
part; in addition to preprints of reports and 
papers totaling approximately 1220 pages. 

1938 Supplement to Book of A.S.T.M. 
Standards, 251 pages, 8900 copies. 

Supplement to A.S.T.M. Methods of Chem- 
ical Analyses of Metals, 35 pages, 1000 copies. 

1939 Index to Standards and Tentative 
Standards, 140 pages, 13,500 copies. 

Year Book, 286 pages, 3000 copies. 

ASTM BuLtetn, six issues, August 1938 to 
May 1939, 356 pages; average edition, 6300 
copies. 


The Book of A.S.T.M. Tentative 
Standards (1796 pages, 2000 copies) and 
the Symposium on Plastics at the 
Rochester Regional Meeting, March, 
1938 (57 pages, 2000 copies) were pub- 
lished and furnished to members on 
order. 

A comparative statement of the vol- 
ume of the above-mentioned publications 
for the past four years follows: 


| 1935, | 1936, | 1937, | 1938, 


Publication pages pages pages pages 

Proceedings..................| 2279 | 2111 | 2092 | 2084 
Book of A.S.T.M. Standards.. ...... 
to Book of A.S.- | 

T.M. Standards.......... 282 251 
A.S.T.M. Methods of Chemi- | 

cal Analyses of Metals............| 260 260 35 
Index to A.S.T.M. Standards 

and Tentative Standards. . 142 160 | 120) 128 
Year Book......... 272 | 286 
Book of A.S.T.M. Tentative 

| 1628 | 1422 | 1664 | 1796 


Regional Meeting Symposiums 


156 | 
| 4677 | 6750 | 4922 | 4637 


132 | 232 | 57 


During the past year the Society also 
published the following compilations of 
standards; 


A.S.T.M. Standards on Cement (Committee 
C-1), 111 pages, 1000 copies, published annually, 

A.S.T.M. Standards on Petroleum Products 
and Lubricants (Committee D-2), 320 pages, 
4900 copies, published annually. 

A.S.T.M. Standards on Coal and Coke (Com- 
mittee D-5), 160 pages, 1700 copies, published 
biennially. 

A.S.T.M. Standards on Electrical Insulating 
Materials (Committee D-9), 371 pages, 70 
copies, published annually. 

A.S.T.M. Standards on Textile Materials 
(Committee D-13), 334 pages, 1600 copies, 
published annually. 

A.S.T.M. Specifications for Pipe and Pipe 
Materials for High-Temperature and High- 
Pressure Services (Committee A-1), 134 pages, 
750 copies; a new compilation. 


Other special publications printed 
since the last annual meeting include: 


Symposium on Consistency—Critical Dis- 
cussion of Present-day Practices in Consistency 
Measurement, 79 pages, 750 copies. 

Symposium on Protecting Metals Against 
Corrosion (Detroit District Meeting, April, 
1938), 30 pages, 1500 copies. 

Compilation of Available High-Temperature 
Creep Characteristics of Metals and Alloys, 
published jointly with the American Society of 
Mechanical Engineers, 864 pages, 1000 copies. 

Data Forms on Effect of Temperature, 2000 
copies. 

Index to Literature on Spectrochemical 
Analysis, sponsored by Committee E-2, 61 
pages, 1000 copies. 


Special reprints from the Proceedings 
include: 


Report of Committee A-5 on Corrosion of 
Iron and Steel, 30 pages, 1250 copies. 

Marburg Lecture, “The Torsion Test,” by 
Albert Sauveur, 22 pages, 1000 copies. 

Symposium on Impact Testing, 163 pages, 
2000 copies. 

The expansion of the ASTM BULLE- 
TIN begun in 1936, notably by the inclu- 
sion of important technical papers and 
reports, has been continued during the 
past year. The extent of this expansion 
may be seen from the fact that the six 
issues of the ASTM Bu tretin in 1937 
contained 206 pages of text matter of 
which 70 pages (or about 35 per cent) 
represented technical material in the 
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form of papers, reports and special 
articles of a character not theretofore ap- 
pearing in the BULLETIN; whereas the 
six issues of the BULLETIN in 1938 con- 
tained a total of 267 pages of text matter 
which include 121 pages of technical 
material (or about 45 per cent). Many 
expressions of opinion fro the members 
of the Society have made it clear that 
the enlarged BULLETIN is meeting with 
very general favor. 

Format of Society Publications.—A 
study by Committee E-6 on Papers and 
Publications of the adaptability to the 
standards of the Society of the double- 
column format that has been used for 
several years for technical papers and 
last year for committee reports, has led 
to the decision to reset the standards 
and tentative standards in this new 
style. In consultation with the officers 
of standing committees, a format has 
been adopted that has received very 
general approval and will result in 
standards of improved appearance and 
readability with an estimated saving in 
space of approximately 20 per cent. 
This new style was used last fall for the 
1938 Supplement to the Book of Stand- 
ards and for the compilation of A.S.T.M. 
Standards on Petroleum Products and 
Lubricants. Beginning early this year 
the resetting of standards and tentative 
standards has been vigorously pushed, 
with the hope that the new publications 
to be issued later in the year may be 
substantially all in the new format. 

It is estimated that the total cost of 
resetting existing standards and tenta- 
lve standards will be approximately 
15,000. The contract for this work, 
ncluding the publication thereafter of 
Proceedings and Book of Standards and 
lentative Standards, has been given to 
Waverly Press of Baltimore, with the 
understanding that the costs of resetting 
will be paid from the savings effected 


and spread over a period of five or more 
years, 
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New Method of Publishing Standards 
and Tentative Standards.—As announced 
to the members of the Society in the 
formal printed communication dated 
November 8, 1938, a new method of 
publishing the standards and tentative 
standards of the Souety has been 
adopted. While present methods of 
publication have served. the Society’s 
needs well for many years, the rapid 
growth of our standardization work and 
the increasing diversification of Society 
activities have introduced complexities 
and difficulties, and new methods better 
suited to present-day requirements are 
needed. The magnitude of this growth 
is evident from the single statistic that 
the number of standards and tentative 
standards has increased 70 per cent in 
the past decade. As a result, Part I of 
the Proceedings containing new and re- 
vised tentative standards, and especially 
the annual Book of Tentative Standards, 
have become unwieldy in size and there- 
fore difficult to use. It is frequently in- 
convenient to locate certain specifica- 
tions or methods when reference back 
and forth between the Book of Stand- 
ards and Proceedings is necessary. Fur- 
thermore the Book of Tentative Stand- 
ards has covered the entire materials 
field, whereas many members are inter- 
ested in only a limited portion of the 
field. These and other considerations 
made it clear that the members of the 
Society would be better served if the 
standards and tentative standards ap- 
peared in the same instead of different 
publications, and careful study of a re- 
alignment of publications on this prin- 
ciple has demonstrated its advantages. 

Accordingly, the present triennial 
Book of Standards in two parts with 
its supplements, the section of Proceed- 
ings containing new and revised tenta- 
tive standards and the annual Book of 
Tentative Standards, will be combined 
into a single publication—a Book of 
A.S.T.M. Standards and Tentative 
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Standards. This will be published tri- 
ennially in three parts beginning in 
1939, as follows: Part I, Metals; Part 
II, Non-Metallic Materials—Construc- 
tional; Part III, Non-Metallic Materials 
—General. The contents of these three 
parts were defined in the above-men- 
tioned communication; the 1939 editions 
of each part will be about 1300 pages. 
Supplements to each part published in 
the two succeeding years with cloth 
binding will contain all new standards, 
new and revised tentative standards, and 
tentative revisions of standards. New 
and revised tentative standards will no 
longer be included in the annual Pro- 
ceedings, which will hereafter be pub- 
lished conveniently in a single volume 
containing committee reports and tech- 
nical papers. The annual Book of 
Tentative Standards will no longer be 
published. The Methods of Chemical 
Analyses of Metals will still be issued as 
a separate publication free to members 
upon request. The annual Index to 
Standards and Tentative Standards, 
compilations of standards and tentative 
standards in specific industrial fields and 
the usual separate reprints of standards 
will continue to be published. In line 
with the present policy of distributing 
the Book of Standards, members will 
be entitled to any one part of the new 
Book of Standards and Tentative Stand- 
ards and its supplements; members 
desiring any éwo or all three parts of the 
Book, with their respective supplements, 
will pay annually $1.50 and $2.50 re- 
spectively. 

It is very gratifying to report that this 
new plan of publication seems to have 
met with very general approval. Many 
_ favorable comments have been made and 
very few adversely. It is interesting 
to record that on the basis of returns 

from about 80 per cent of the Society 
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membership, approximately 45 per cent 
of the members have requested one of 
the three parts (23 per cent Part I, 11 
per cent Part II and 11 per cent Part 
IIT), 10 per cent have requested two 
parts, and 45 per cent have requested 
all three parts. 

Sales prices for the new publications to 
non-members and special prices to mem- 
bers for extra copies have been an- 
nounced. 

The next decade will almost certainly 
see the greatest expansion of our stand- 
ardization and publication activities that 
has yet taken place, and under this new 
plan the way is cleared for development 
and growth along the soundest and most 
effective lines. 


Finances: 


Report for the Fiscal Year 1938.—The 
annual statement of the finances of the 
Society follows in the report of the audi- 
tors for the fiscal year, January 1 to 
December 31, 1938. The report gives 
the balance sheet of assets and liabilities, 
including special and designated funds 
(that is, the Research Fund, Medal and 
Lecture Fund, and Committee Funds); 
statement of receipts and disbursements, 
in which the items are classified into 
“operating” (budgeted) and “non-oper- 
ating”; details of special funds; and 
investment of Society funds, both book 
and market values being given. 

Total receipts from dues and entrance 
fees in 1938 were $80,539.41, a slight in- 
crease over corresponding receipts for 
the preceding year. Receipts from sales 
of publications totaled $48,454.80, being 
the second highest figure in the Society’s 
history. The percentage ratio to total 
receipts is 34 per cent, which is about 
average for recent years. The fact that 
approximately one-third of the Society’s 
income is derived from sale of its pub- 
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Society’s dependence on this source of investment was made, from $3000 Okla- 
income as a means of carrying on its homa Natural Gas first mortgage 4} per 
york. Miscellaneous receiptsamounted cent bonds to $3000 Michigan Con- 
to $12,037.55, consisting principally of  solidated Gas first mortgage 4 per cent 
receipts from advertising in the ASTM bonds. Uninvested principal in the 
BULLETIN and in the Index to Standards A.S.T.M. Research Fund at the close of 
and Tentative Standards, interest on 1937 was invested in $1000 Baldwin 
deposits and investments, and registra- Locomotive Works first mortgage 5 per 
tion fees. BULLETIN advertising for last cent bond and $1000 Allis-Chalmers 
year was about one-sixth under the pre- Manufacturing Co. convertible deben- 
vious year; advertising in the Index was _ ture 4 per cent bond. 
slightly increased. Although none of the bonds in the in- 
Total operating receipts were $141,-  vestment portfolio are in default, all of 
(31.76. Total operating disbursements the bonds of the Baltimore & Ohio 
with all current bills paid, as detailed in Railroad Co. totalling $17,000 in three 
the auditors’ report, and including $6000 funds are subject to the plan of modifi- 
reserve for publication of the 1939 Book cation of interest charges and maturities 
{ Standards and $1400 paid into the proposed by the company. Under this 
principal of the Research Fund, were plan the interest on the bonds owned by 
$142,818.45. The resulting deficit of the Society will be reduced to 20 per 
$1786.69 was met from reserves acquired cent of the coupons, the remaining 80 
fom the previous year’s operation. per cent being cumulative with payment 
However, since an operating deficit of dependent on future earnings. ‘The So- 
$9000 for the year had been anticipated ciety has agreed to the plan of modifi- 
when the budget was drawn, the So- cation and deposited the bonds with a 
tiety’s current operations for the year trustee. 
came out about $7000 better than had No account has been taken in the 
been anticipated. accompanying financial statement of the 
The auditors’ report includes a com- assets of the Society in the form of pub- 
parison of the financial condition of the _lications in stock, with the exception of 
Society at the close of each of the past the cost value, $1069.88, of the copies 
ive years. The surplus in the general still in stock of the Joint A.S.M.E.- 
funds account, exclusive of special and A.S.T.M. Symposium on Effect of Tem- 
designated funds, is $57,332.84, which perature on the Properties of Metals 
‘ompares with $58,619.60 a year ago. purchased by the Society from a joint 
Investments of Society funds as of De- account; this amount is included in the 
— 31, 1938, are given in the audi-  ctatement of assets. There appears in 
me report, both book and market the statement of liabilities the sum of 


values being shown. During 1938 ap- : 
ae : $314.31, which represents net profit to 
ximately $10,000 of surplus was in- December 31, 1938, on the A.S.T.M.- 


vested in dividend-paying common 
stocks of five corporations; four of the AS.M.E. Creep . ita Volume likewise 
five lots were sold before the close of the Published jointly and handled through 


year, yielding a profit of about $2400; 4 Separate account as a “non-operating” 
the fifth lot, namely, 50 shares of Gen- item. An inventory of technical publi- 
tral Electric common, remains in the cations on June 1, 1939, may be sum- 
ivestment portfolio. One transfer of marized as follows: 


i 


54 
of Copies 
Proceedings 
Index to Proceedings, 5 parts, total............. 1 557 
1936 Book of A.S.T.M. Standards: 
423 
1937 Supplement to Book of Standards.......... 253 
1938 Supplement to Book of Standards.......... 627 
1938 Book of A.S.T.M. Tentative Standards .... 433 
Index to Standards and Tentative Standards... 2 625 


Selected Standards for Students in Engineering 517 
Reprints of Standards and Tentative Standards 


(approximate)..... 55 000 
Symposium on Effect of Temperature on the 

of Metals 263 
Creep Data Volume............... 403 
Special Reprints (approximate). . 28% 500 


1939 Finances.—Society operations 
for 1939 are based upon budgeted operat- 
ing receipts of $154,000, of which $149,- 
400 is estimated current receipts and 
$4600 is applied to 1939 operations from 
surplus. Receipts from dues and en- 
trance fees are estimated at $82,250, 
receipts from sales of publications at 
$51,700 and miscellaneous receipts, in- 
cluding advertising, exhibit, and inter- 
est, at $15,450. Disbursements have 
been estimated at $153,250, leaving $750 
for contingencies. The budget provides 
fully for all of the Society’s normal oper- 
ating expenses, including the cost of the 
new Book of Standards and Tentative 
Standards towards which the reserve of 
$12,000 accumulated during the past 
two years will be applied. 

The Executive Committee reviews the 
budget of receipts and disbursements 
quarterly and makes any adjustments of 
appropriations for operating expenses 
that may be needed in the light of ac- 
tual receipts. 

The policy is being continued of in- 
creasing the proportion of Society funds 
invested in dividend-paying common 
stocks. Thus, $4000 Montana Power 
Co. first mortgage 3} per cent bonds 
were sold and the proceeds invested in 
40 shares of common stock of the Ameri- 
can Can Co. Surplus funds amounting 
to approximately $14,000 have been in- 
vested in the common stocks of the fol- 
lowing seven corporations: American 
Cyanamid Co., American Radiator and 
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Standard Sanitary Corp., American 
Tobacco Co., Hazel Atlas Glass Co, 
Sears Roebuck and Co., Standard Oil Co. 
of New Jersey, and United Gas Im- 
provement Co. These investments, of 
course, do not appear in the present audi- 
tors’ report. They bring the total book 
value of Society investments to about 
$89,300, of which approximately 64 per 
cent is in bonds, 6 per cent in preferred 
stocks and 30 per cent in common stocks. 

Further Financial Problems.-—\mpor- 
tant financial questions face the Execu- 
tive Committee in the immediate future. 
Reference has been made earlier in this 
report to the growing demand from 
industry for specifications and methods 
of test, which is reflected in the creation 
of new committees, the continued ex- 
pansion of the work of existing commit- 
tees and the increase in number of 
standards of about 70 per cent in the 
past ten years. ‘This increase has taken 
place during a period of business depres- 
sion which has held down the growth of 
membership, so that actually the income 
from membership dues today is some- 
what less than it was ten years ago. 
However, the increased sales of publica- 
tions, which is one form of industry 
support of our work, has more than 
offset this loss, and has alone made pos- 
sible the expansion that has taken place. 
Expressed in another way, the activities 
and “output” of the Society have been 
developing more rapidly than its mem- 
bership, and since membership is the 
bone and sinew of a technical society 
such as ours, it seems that for sound 
and healthy development in the future 
the Society needs substantially to extend 
its membership and the income there- 
from. Hence, the emphasis upon sus- 
taining membership as one means of 
increasing support of Society work. A 
wider membership base is essential when 
we consider the new fields into which we 
are being drawn. Important develop- 
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REPORT OF THE AUDITORS FOR THE Fiscat YEAR, JANUARY 1, 1938 
TO DECEMBER 1, 1938 
erican Philadelphia, January 10, 1939. 
Mr. C. L. Warwick, Secretary-Treasurer, 
Nil Co, AMERICAN SOCIETY FOR TESTING MATERIALS ; 
; Im- Philadelphia, Pa. 


ts, of Dear Sir: 


audi- We have examined the books and accounts of your Society for the year ended Decem- 
book ber 31, 1938, but we did not make a detailed audit of all transactions. 

about We have prepared the accompanying Balance Sheet as of December 31, 1938, Statement 
4 per of Cash Receipts and Disbursements for the twelve months ended that date, and other 
ferred supporting schedules, all of which are in agreement with the records of the Society. These 
statements, in our opinion, fairly present the financial position of the Society as of De- 
ember 31, 1938, and the results of its operations for the year. 

Investments owned as detailed were examined by us, with the exception of $17,000 
jaltimore & Ohio R. R. Co. Gen. & Ref. Bonds which were deposited with the Girard 
. [rust Co. under plan of modification of interest charges and maturities and for which a 
n this receipt of said depository was submitted. 
from All income from investments was properly accounted for. In this connection the income 
thods from 98 shares of General Motors Co. stock is not included in the income of the Society in 
ation any of the schedules herein, as this is payable to an annuitant as and when received under 
d ex- wgreement dated February. 20, 1937. 
nmit- Respectfully submitted, 
d (signed) Joun Hetns & Company, 
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rth of General Funds: 
come Current: Cash $39 075.51 
some- Less checks drawn as of December 31, 1938— 


_ Cost of Proceedings in hands of Secretary- 
| ago. Treasurer that date 14 650.00 


425.51 
y par (Market Value, $30 238.13)—Cost 39 568.24 _ 


BALANCE SHEET AS OF DECEMBER 31, 1938 
(Including Special and Designated Funds) 


than Accounts Receivable 8 539.12 
> pos- 
pond Total Current Assets—General Fund $72 532.87 
wities Furniture and Fixtures 
ville AS.T.M.-A.S.M.E. Symposium on Effect of Temperature: 

been Special Account for Financing Book 
mem- 
s the 


ciety Special and Designated Funds: 

sound Cash: A.S.T.M. Research Fund $1 668.53 
: Dudley Medal and Marburg Lecture Fund 693 .90 
ee Committee Funds 6 896.28 
xten¢ 


9 258.71 
there Investments: 


1 SUS- A.S.T.M. Research Fund (Market Value, $16 181.89)— Cost 
ns of or book value $21 660.07 


. A Dudley Medal and Marburg Lecture Fund (Market Value, 
$1 303 .75)—Cost. 6 625.00 
when Committee Funds (Market Value $6 397. 81)- -Cost ie 6 000.00 
selop- 34 285. 07 


$43 543. 78 
$124 059. 49 


Total General Funds $80 515. 71 


— 
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Total Assets (beought forward) . 


General Funds: 


Current: Accounts Payable: 
$197. 


059.49 


Di 
i Total Current Liabilities—General Fund............. $2 283.8 
A.S.T.M.-A.S.M.E. Creep Data Volume.............. 314.31 
Book of Standards Reserve..................000eees 12 000.00 
Special and Designated Funds: 
Dudley Medal and Marburg Fund 7 318.90 
Total Special and Designated Funds......... 43 543.78 M 


COMPARISON OF GENERAL Funps For Fiscat YEARS 1934-1938, INCLUSIVE 


Assets Liabilities 


At Close of 
Fiscal Year Furniture Reserve for| Miscel- | 
Cash —_|Investments| Mis- and Mis- | of laneous Surplus 


Fixtures Standards Funds 


cellaneous cellaneous 


$3 792.12) 38 924.05) 9 767.35] 8 010.84 | 2 204.99 | 5023.44) 7 061.76 46 204.17 
10 514.73) 36 180.42) 9 220.39) 7 489.70 | 2 695.60 | 10 023.44| 7 061.76 | 43 624.44 

6 943.82) 29 767.23) 16 088.91) 6 915.95 | 2 624.62] ........ 7 061.76 | 50 029.53 
20 686.08) 37 599.49] 10 506.78) 7 029.87 | 2 140.86 | 6 000.00) 9 061.76 | 58 619.0 
24 425.51) 39 568.24) 9 609.00) 6 912.96 | 2 283.88 | 12 000.00) 8 898.99 | 57 332.84 


Cash 
Oper: 
= 
Non 
1934. . | 
1938... 
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059,49 RECEIPTS AND DISBURSEMENTS 
For THE Periop JANuARy 1, 1938, To DecemBER 31, 1938 
RECEIPTS 
Operating Receipts (Budgeted): 
Dues and Entrance Fees: 
Income, Life Membership Fund................... 150.00 
Sale of Publications: 
Separate Standards................ $6 459 .37 
’ Book of Standards (Members, both parts).......... 315.00 
515.71 Book of Tentative Standards...................... 6 985.86 
Methods of Chemical Analysis of Metals........... 886.68 
Selected Standards for Students................... 911.15 
Bulletin Subscriptions (Non-Members)............. 257.20 
Special Reprints and Miscellaneous................ 20 528 .26 
Total Sale of Publications............ $48 454.80 
43.78 Miscellaneous: 
$227 .00 
Interest on Deposits and Investments.............. 2 516.35 
Registration and Other Fees, Annual Meeting...... . 1 237.00 
A.S.T.M. Exhibit, Annual Meeting................. 138.90 
Committee A —1 for Technical Assistant............ 725 .00 
Total Operating Receipts (Budgeted)................ $141 031.76 
Non-Operating Receipts (Not Budgeted): 
Investments, Matured or Sold..................... $17 419.57 
39.98 
4 725.23 
Symposium on Effect of Temperature.............. 189.55 
rples Committee C -1 for Technical Assistant............ 1 700.00 
Committee E - 4 (Polishing Cloth)................. 541.04 
204.17 Total Non-Operating 24 655.87 
524.44 
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DISBURSEMENTS 
Operating Disbursements (Budgeted): 

Publications: Princi} 
Book of Standards Supplement.................... 2 509.56 Re 
Book of Tentative Standards...................... 4 851.38 
Methods of Chemical Analysis of Metals........... 38.65 
Regional Meeting 329 .03 Di 
Index to Standards and Tentative Standards........ 1 714.06 — 
Reprints (Reports, Papers, Symposiums, etc.)....... 5 863.95 
Miscellaneous Printing (Authors’ Reprints, etc.)..... 479 .96 R 
Resetting Standards (Double Column)............. 2 128.77 

Total Disbursements, Publications......................... $53 662.96 , 
Expenses, Standing and District Committees.................... 4 008.19 
Expenses, Meetings and A.S.T.M. Exhibit...................... 3 083.59 
Traveling Expenses, Administrative and Special Committees. ..... 2 109.22 
American Standards Assn. and Sectional Committees............ 1 000.00 
Principal, A.S.T.M. Research Fund (one-half current year’s 
Employees Retirement Fund. 434.83 
173.01 
Total Operating Disbursements (Budgeted)................. $136 818.45 

Non-Operating Disbursements (Not Budgeted): ual 

Refund of Excess Remittances..................... 141.50 = 
38.95 
Purchase of Retirement Income................... 1 000.00 
Symposium on Effect of Temperature.............. 6.00 
Technical Assistant, Committee C-1.............. 1 562.02 
Committee E 4 (Polishing Cloth)................. 492 .36 

Total Non-Operating Disbursements....................... 25 229.75 an 
$24 425.51 
3 ~ * This amount includes $14,650.00 in the form of checks drawn against cost of Proceedings, but not actually paid 0a 


ecember 31, 1938, pending final completion of the publication work. 
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173.71 In addition to the general funds of the Society, the Secretary- Treasurer has on hand the follow- 


A.S.T.M. Researcu Funp 


Principal Account: Total Invested Cash 
Balance January ere $21 313.26 $19 633.26 $1 680.00 
Receipts Contribution— -Committee D- ‘14 +14.92 +14.92 
Contribution—H. F. Moore. . : +150.00 +150.00 
Contribution—A.S.T.M. Entrance Fees... +1 400.00 +1 400.00 


$22 878.18 $19 633.26 $3 244.92 


Disbursements—Purchase of Securities.............. +2026.81 —2026.81 
$22 878.18 $21660.07 $1 
Income Account: 
Cash Balance, January 1, 1938.................... $1 251.68 
Receipts—Interest on Deposits and Investments. ... . 701 .08 
Disbursements: 
Capping Tests of Hollow Tile (Committee C — 15) $75.00 
Power Factor Cell (Committee D-9)........... 277 .16 
Shipment of Soil Samples (Committee D — 18)... . 50.18 
Joint Project University of Illinois on Speed of 
Testing Metals (Committee E-1)........... 600.00 
Research Committee on Fatigue of Metals....... 500 .00 


1 502.34 


DuDLEY MEDAL AND MARBURG LECTURE FUND 


Balance, January 1, 1938: 


Principal—Investments (At Cost).................. $6 625.00 
— — $7 252.92 
Receipts 

———_ $7 582.92 
Disbursements 

lonorarium, 1938 $200 .00 

grossing 1938 Lecture Certificate.................... 3.32 

25.00 
264.02 
dalance, December 31, 1938: 
425.51 P rincipal— Investments 625 .00 


$7318.90 
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CoMMITTEE FUNDS 


Committee A — 5 on Corrosion of Iron and Steel. . - a 3 336.81 $19 
Committee A -— 5, Subcommittee X on E mbrittlement Investigation ‘i 135.59 
Committee B - 3 on Corrosion of Non-Ferrous Metals and oe aa 3 190.10 0 
Committee B — 6 on Die-Cast Metals and Alloys. . 179.42 
Committee C 1, Cement Reference Laboratory 731.17 
Committee C - 1'on C ement, Studies of Additions to Cement......... 65.07 30 
Committee C - 9 on Concrete and Concrete $177.72 
Committee C -9 Sanford E. Thompson Medal Fund................. 550.00 » 
Committee C —- 15 on Manufactured Masonry Units.................. 303 .56 
Committee C —- 18 on Natural Building Stones and Slate......... ea 167.76 v 
Committee D-1 on Paint, Varnish, Lacquer, and Related Products. .. 37.19 
Committee D — 2 on Petroleum Products and Lubricants............. 67.53 I 
Committee D - 13 on Textile Materials. 316.26 
A.S.A. Sectional Committee on Specifications for Cast-Iron Pipe and 
~A.S.A. Sectional Committee on Classification of Coals................ 1 156.65 
Research Committee on F 500.00 
Accounted for as follows: 
$12 896.24 $: 
6( 
~INVESTMEN'TS, DECEMBER 31, 1938 
GENERAL FUNDS Book Market 
Par Value: Value Value! 
$9 000 Baltimore & Ohio R. R. Refunding and General Mortgage 0 
Bonds, Series F, 5’s, due 1996.................. . $9106.55 $1 698.75 » 
4000 New York, Chicago & St. Louis R. R. Refunding Mortgage I 
Bonds, Series C, 454’s, due 1978................. 2 805.61 2 140.00 
3000 Wheeling Steel Corp. a First Mortgage ‘Sinking Fund Bonds, 
3 045.00 2 812.50 
3000 Republic Steel Corp. “ General Mortgage Bonds, Series B, 
2.000 North Station Industrial Bldg., Inc., First Mortgage Sinking 
Fund Bonds, 5’s, due 1962. 1 850.00 860.00 
500 Saguenay Power Co. , Ltd., First “Mortgage Sinking Fund . men 
Bonds, Series A, 414’s, due 1966.............. 500.00 529.38 
3000 Armour and Co., First Mortgage, 20-yr. Sinking Fund Bonds, : 200¢ 
2 955.00 2 947.50 hie 
3000 Pennsylvania State Water Corp., First Collateral Trust P 
2 850.00 2 932.50 
4000 Montana Power Co., First and Refunding Mortgage Bonds, o Ith 
3 780.00 3 870.0 od 
3 000 Mic higan Consolidated Gas Co., First Mortgage y s, ‘due z 


50 shares Great Northern Ry. $6.00 Preferred Stock, par 
30 shares Northern States Power Co., $5 Preferred Stock, 3 
2 970.00 3 086.25 late 
50 shares General Electric Co., Common Stock, n no par value. . _ 4 006.25 2 175.0 Are 


1 Market Values, except on First Mortgage Real Estate 1315-1317 Spruce Street, 6’s, 1945, on which there was 00 
available quotation, have been taken from the Bank and Quotation Record as of December 31, 1938. 
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698.75 
140.00 
812.50 
790.00 

860.00 

529.38 
947 50 
932.50 
870.00 
902.50 

493.75 
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A.S.T.M. RESEARCH FUND 
$1 500 Baltimore & Ohio R. R. Refunding and General Mortgage 


Bones, Series $1 511.25 $283 .13 
2000 New York, Chicago & St. Louis R. R. Refunding Mortgage 
Bonds, 1 400.26 1 070.00 
2000 First Mortgage Real Estate Bonds, 1315-1317 Spruce St., 
2 000.00 1 200.00 
3000 North Station Industrial Bldg., Inc., First Mortgage Sinking 
2 812.50 1 290.00 
$1500 Saguenay Power Co., Ltd., First Mortgage Sinking Fund 
Bonds, Series A, 414’s, due 1966.................-.... 1 500.00 1 588.13 
{000 Baldwin Locomotive Works, First Mortgage, Sinking Fund 
1000 Allis Chalmers Mfg. Co., Convertible Debentures, 4’s, due 
29 shares Consumers Power Co., $4.50 Preferred Stock, no 
10 shares Northern States Power Co., $5 Preferred Stock, 
98 shares General Motors Corp., Common Stock , par $107... 6 504.75 4 900.00 


$21 660.07 $16 181.89 


DUDLEY MEDAL AND MARBURG LECTURE FUND 
$500 Baltimore & Ohio R. R. Refunding and General Mortgage 


ments in standards for 
goods,” so-called, are to be expected, 


$550.00 $103.75 

6000 Baltimore & Ohio R. R. Refunding and General Mortgage 
Ronda, A, Fu, 6 075.00 1 200.00 
$6 625. 00 $1 303.75 

COMMITTEE FUNDS 

$5000 U. S. Treasury Bonds, 234’s, due 1947.............. $5000.00 $5 351.56 
1000 U. S. Treasury Bonds, 274’s, due 1960..................... 1 000.00 1 046.25 
_ 000. $6 397.81 


* The income froma these shares is by agreement paid to an annuitant. 


“consumer 


‘hich will bring important problems to 
s for consideration; indeed, they are 
ith us already in such fields as textiles 
detergents. Adequate financial 
ipport of such expansion as this is a 
roblem of major importance. 

Another phase of the problem is re- 
ated to the fact that the members today 
te receiving for the same dues at least 

Y per cent more by way of standards, 
‘tative standards, committee reports 
aid technical papers than they did ten 
j€rs ago. Hence in the major realign- 
tent of publications previously men- 


} 

tioned, the Executive Committee has 
sought to place the new Book of Stand- 
ards and Tentative Standards on a sub- 
stantial financial basis, in the fixing of 
general sales prices and the charges to 
members for the several parts of the new 
book. Whether this has been accom- 
plished can only be told from the ex- 
periences of the next three years, since 
present charges and prices have neces- 
sarily been based upon estimated mem- 
bership growth and sales for that period. 
The aim has been to give to the members 
the maximum in value of publications 
and other services within the present 
dues and at the same time provide an 


61 
086.25 
175.00 ; 


_ growth of the Society’s work. 


adequate financial foundation for the 


_ Retirement Plan for Employees: 


The Retirement Plan for A.S.T.M. 
Employees, announced and briefly de- 
scribed in the 1938 report, has been in 
effect since May 3, 1938, and is now par- 
ticipated in by eighteen of the Society’s 


_ twenty employees. The Society’s con- 


tributions for the first year to the 
eighteen Deferred Income Policies in the 
Penn Mutual Life Insurance Co. of 
Philadelphia that have been set up for 
retirement income totaled $664.91 (ap- 
proximately 14 per cent of the annual 
salary roll) and were matched by the 
respective employees. 

The Executive Committee has found 


_ it possible to increase the Society’s con- 
tribution approximately 50 per cent, 


effective on the first anniversary of the 
Plan, bringing the total annual Society 


contribution to approximately $1080, 


which is 2 per cent of the present salary 
roll. The increase has been applied to 
the purchase of income policies for cer- 
tain employees of longer service, who 
match the Society’s contribution. Any 
additional premium required to obtain 
special features, such as insurance, is 
paid for entirely by the employee in all 
policies after the initial one. 

The sum of $1000 was applied in 1938 
from surplus toward retirement income 
for the Secretary-Treasurer. 

This first extension of the Retirement 
Plan has resulted in establishing retire- 
ment incomes more nearly commensu- 
rate with the retirement needs to be 
met, at the same time requiring from 
employees of longer service monthly con- 
tributions more nearly commensurate in 
proportion to salary with the contri- 
butions of those of shorter service. 
Better all-around balance has thus been 
effected. Future enhancements of the 
Plan, if and when made, will take into 
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account such factors as earnings, length D4 
of service, ratio of each employee’s con. mitt 
tribution to salary and ratio of retire. sect 


ment income to salary, =| prot 
Headquarters: ard, 


The lease on the present headquarters, 


comprising approximately 4000 sq. ft, poe 
has been extended to December 31, - 
1941, at a satisfactory rental. The new sula 
space acquired January, 1938, has re. - 
lieved earlier crowded conditions. The ” 
general offices, board room and reception : 
room, located on the fifth floor of the " 
building, comprise about 3150 sq. ft. and bes 
will be adequate for some time. The = 
shipping and publication storage space “ 
on the fourth floor (now 850 sq. ft.) may 4 
soon require expansion. in 
Cooperative Activities: She 

The Society’s activities have always Gal 
of necessity involved cooperative rela- Ma 
tions with many other organizations, Bu 
which relations proceed along well-es- vat 
tablished lines. News items in _ the to 
ASTM BUwuLtetIn have told oi various for 
activities in this direction and these need dor 
not be repeated. Several happenings, Dit 
however, merit specific mention here. Eq 

The Society’s contacts with the Ameri- Set 
can Standards Association constitute one arc 
of its most important cooperative activi- De 
ties. During the past year the princi- an 
pal work has been more or less routine de 
in nature, involving the submission of ar 
new and revised standards to the A.S.A. | 
for approval as American standard. re 


The report of Committee E-10 on ti 
Standards presents this work in detail. mi 
The Society has, at its request, been 


accorded membership on A.S.A. Sec- in 
tional Committee C29 on Insulators for by 
Electric Power Lines, primarily to Co P, 
ordinate the work of Committee D-9 on Ww 
Electrical Insulating Materials with A 
that of Committee C29. The present d 
A.S.T.M. Tentative Method of Testing ti 
Pin-Type, Lime Glass Insulators th 
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(D468- 38T), developed by Com- 
mittee D-9, will be cleared through the 
sctional committee for ultimate ap- 
proval by the A.S.A. as American stand- 
ard, and Committee D-9 will be recog- 
nized as the group to which the sectional 
committee can continue to look for the 
detail work in connection with glass in- 
silators. The Society’s representatives 
on the sectional committee, selected from 
D-9’s section on glass insulators, are: 
U. E. Bowes, Merrill DeMerit, V. F. 
Hammel, and H. A. Wadman. 

Other appointments to A.S.A. sec- 
tional committees during the year are: 
James Aston to B31 on Code for Pressure 
Piping and B36 on Wrought-Iron and 
Wrought-Steel Pipe and Tubing; H. J. 
Jaquith to L4 on Specifications for 
Sheeting; W. H. Bassett, Jr., and W. H. 
Gardner to C59 on Electrical Insulating 
Materials; W. S. Housel to A56 on 
Building Code Requirements for Exca- 
vations and Foundations; W. J. Krefeld 
to AS9 on Building Code Requirements 
for Reinforced Gypsum Concrete; Theo- 
dore I. Coe to A62 on Coordination of 
Dimensions of Building Materials and 
Equipment; L. V. Foster (with H. E. 
Seemann as alternate) to Z36 on Stand- 
ardization in the Field of Photography; 
Dean Harvey to C8 on Insuiated Wire 
and Cables; C. B. Veal (with R. P. An- 
derson as alternate) to D9 on Stand- 
ardization in the Field of Aeronautics. 

Vice-President H. H. Morgan has been 
teappointed as the Society’s representa- 
tive on the Mechanical Standards Com- 
mittee of A.S.A. for three years. 

The need of cooperation in the work 
in the paper-testing field newly begun 
by A.S.T.M. through Committee D-6 on 
Paper and Paper Products with the older 
work in the same field by the Technical 
Association of the Pulp and Paper In- 
dustry (TAPPT), has led to the forma- 
tion of a small joint committee between 

¢ two organizations, for the purpose of 
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coordinating the activities of committees 
working along similar lines and of fa- 
cilitating consideration in the one body 
of standards developed in the other. 
The Society’s representatives are R. C. 
Griffin and L. C. Reid, chairman and 
secretary of Committee D-6. Mr. Reid 
is chairman of the joint committee. 

The Society is cooperating with the 
Society of Automotive Engineers in the 
development of standards for rubber for 
automotive uses (exclusive of tires and 
tubes). A technica! committee on this 
subject is being formed under the direc- 
tion of Committee D-11 on Rubber 
Products, upon which the automotive 
and rubber industries will be well repre- 
sented. 

Max Hecht, chairman of Committee 
D-19 on Water for Industrial Uses, has 
been appointed as the Society’s repre- 
sentative on the Feedwater Committee 
of the A.S.M.E. Boiler Code Committee. 

L. M. Currie has been appointed to 
represent the Society on the Division of 
Engineering and Industrial Research, 
National Research Council, for a term of 
two years. He succeeds R. W. Crum. 

An important development in the field 
of corrosion research is the formation of 
the American Coordinating Committee 
on Corrosion, announced in the A.S.T.M. 
BuLietin for March, 1939, and dis- 
cussed more fully in the current report of 
Committee E-9 on Research. The So- 
ciety’s representative on the Coordinat- 
ing Committee is F. F. Farnsworth. 

During the coming year the Society 
will cooperate with the Analytical Divi- 
sion of the American Chemical Society in 
a joint meeting during the 1940 Annual 
Meeting, featuring a symposium on 
chemical and physicochemical methods 
for examination of materials. 


International Relations: 


The program for the next Congress of 
the International Association for Testing 
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Materials, to be held in Munich in June, 
1940, has been developed during the 
ear by the Permanent Committee of 
_ LA.T.M. A number of members of the 


Society have been invited to contribute 
papers on selected subjects, or to act 
as general or associate “reviewers” of 
assigned topics. Under the revised 
statutes of I.A.T.M., the entire responsi- 
bility for the Congress, including pub- 
lication of the Congress Book, is being 
assumed by the Deutscher Verband fiir 
die Materialpriifungen der ‘Technik. 
The Permanent Committee has dis- 
banded the Study Commissions in exist- 
ence prior to the 1937 Congress in Lon- 
don, but has reserved authority to 
appoint such new Commissions as may 
be appropriate, as for example in giving 
advice on properties and tests of mate- 
rials to other international bodies. 

_N. L. Mochel has been appointed 
American member of I.S.A. Committee 
17 on Iron and Steel, succeeding F. N. 

Speller. 

_ Upon invitation from the British Joint 
Committee on Materials and Their Test- 
ing, the Society has suggested three 
American authors to contribute papers 
to the British Symposium on Testing of 
Heat Insulation Materials to be held in 
England next fall under the auspices of 
the British Joint Committee. 

Working through the U. S. Chamber 
of Commerce, the Society is maintaining 
contacts with the American Chambers of 
Commerce and other American repre- 
sentatives in various foreign countries. 
Requests are often received for informa- 
tion on A.S.T.M. standards; the Index 
to Standards and other literature have 
_ accordingly been widely distributed with 
_ the offer of a complimentary copy of any 
specification requested by secretaries of 
American Chambers of Commerce and 
commercial attachés. The endeavor to 
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increase foreign trade brings a demand 
for greater knowledge of American 
standards, and availability of A.S.T.M. 
standards in the offices of American 
representatives abroad is helpful to 
American business interests. There js 
some possibility that interest may be re- 
vived in the translation of a number of 
A.S.T.M. standards into foreign lan- 
guages, especially for promotion of South 
American trade relations. A number 
of standards were thus translated and 
published in French and Spanish some 
fifteen or twenty years ago, both by 
private interests and by the United 


States Government. 


Two vacancies occurred during the 
year in the membership of the Executive 
Committee, through the resignation due 
to ill health of Allen Rogers and the 
resignation due to change in business 
connections of G. E. Hopkins. These 
vacancies were filled by the appoint- 
ment, respectively, of John R. Town- 
send, Materials Standards Engineer, 
Bell Telephone Laboratories, Inc., and 
Herbert J. Ball, Professor of Textile En- 
gineering, Lowell Textile Institute. The 
terms of office extend to June, 1940. 

Various appointments to adminis- 
trative committees of the Society, to 
joint committees, and to committees of 
other organizations have been made by 
the Executive Committee and reported 
currently in the ASTM BULLETIN. 


Respectfully submitted on behalf of 
the Executive Committee, 
T. G. DELBRIDGE, 
President. 


Administrative: 


C. L. WARWICK, 


Secretary-Treasurer. 


June, 1939. 
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The standardization activities of Com- 
mittee A-1 on Steel have been very in- 
tensive during the past year. This 
has been so primarily because of the 
desire to have the steel specifications in 
as satisfactory form as possible for the 
1939 Book of A.S.T.M. Standards; also, 
several major projects under way for 
many months have come to fruition 
luring the year, resulting in the pro- 
posing of several important new speci- 
fications or revised standards as de- 
scribed in this report. 

Three series of meetings have been 
held during the year: in Atlantic City, 
N. J., June 27 to 29, 1938; the second in 
Philadelphia, Pa., January 25 and 26, 
1939; and the third in Columbus, Ohio, 
March 6 and 7, 1939. Including sub- 
committee meetings, the number of 
sessions held during the year exceeded 
4). All have been well attended with 
much constructive work resulting. 

Since the 1938 annual meeting, 17 new 
members have been elected and 5 resig- 
tations accepted, the committee mem- 
bership now totaling 226, of whom 105 
are classified as producers, 94 as con- 
sumers, and 27 as general interest 

embers. 

During the year several of the sub- 
mmittees have appointed sections to 
tandle particular problems. In one 
ase in particular this has resulted in 
adding as new members of the committee 
‘everal technical men concerned with the 
leld of spring wire. Subcommittee IV 
* Spring Steel and Steel Springs has 
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organized a new section to undertake 
specification work in this field under the 
chairmanship of F. P. Zimmerli, Barnes- 
Gibson-Raymond, Division of Asso- 
ciated Spring Corp. A new section on 
welding fittings for high-temperature 
service headed by J. J. Kanter, Crane 
Co., has been organized by Subcommit- 
tee XXII and will function permanently 
in this field. In the discussion of sub- 
committee activities later in this report, 
mention is made of the work of other 
sections. 

It is the sustained interest and co- 
operation of the members and chairmen 
of these various sections and subcom- 
mittees which has made possible what is 
considered a very constructive year by 
the steel committee. 

Losses by Death.—During the year, 
Committee A-1 has lost by death several 
members, including J. S. Bradshaw, R. 
H. Irons, J. R. Page, L. A. Prescott, and 
J. B. Young. The committee records 
its sincere appreciation of their generous 
services. Of these men, one had an 
outstanding record of service on behalf 
of the committee. He had been a mem- 
ber of Committee A-1 for 26 years, was 
vice-chairman from 1924 to 1926, and 
chairman for three terms (1926 to 1932). 
In addition, he had been active on nu- 
merous subcommittees and contributed 
unselfishly of his time and energy in fur- 
thering the work of this committee. In 
deep appreciation of his efforts and to 
pay tribute to him, the committee has 
adopted the following resolution: 
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RESOLUTION ON THE DEATH OF 
J. BERTRAM YOUNG 
1876-1938 


In the death on July 30, 1938, of J. 
Bertram Young, Engineer of Tests, Reading 
Co., Reading, Pa., the members of Com- 
mittee A-1 on Steel have lost a respected 
and understanding co-worker. As a mem- 
ber of the committee since 1912 and an 
officer for many years, he took part in many 
important activities of the committee and 
contributed greatly to the progress it has 
made. One of the most loyal members of 
the committee, he was always ready to 
undertake work in its behalf. 

During his tenure of office (vice-chair- 
man, 1924 to 1926; chairman, 1926 to 1932) 
many specifications of importance to manu- 
facturers and users of steel were brought to 
successful completion and much other work 
was begun. 

As an officer of the committee, his acts 
were at all times based on a thorough under- 
standing of problems confronting the vari- 
ous interests represented in its membership, 
supported by sound technical knowledge. 

As a committee member and a repre- 
sentative not only of his own company but 
of railroads collectively as a great con- 
suming interest with whose needs he was 
familiar, his actions and opinions were al- 
ways tempered with an understanding view 
of the producers’ problems as well. 

In all his official and personal contacts, 
Mr. Young exhibited a kindly personality 
which was basic in his character—a per- 
sonality which made for him a host of 
friends in the committee and throughout 
the Society. ‘Through friendly personal acts 
he endeared himself to a great number of 
his fellow committeemen. 

In meeting assembled, Committee A-1 on 
Steel pays homage to Mr. Young as an out- 
standing engineer and as a gentleman, and 
now records its appreciation for his ex- 
tensive and long-time services as an officer 
and member. 


Reaffirmation of Specifications.—Prac- 
tically all of the large number of speci- 
fications under the jurisdiction of the 
committee have been reviewed to deter- 


mine whether or not they are up to date, 
and certain comments on various stand- 
ards that are considered up to date but 
in which no revisions are recommended 
appear later in this report under the dis- 
cussion of subcommittee activities. In 
the case of one group’s specifications, 
in the field of rail and track fastenings, a 
vote has been taken in the group and in 
Committee A-1 reaffirming these speci- 
fications. Accordingly, it is taking ad- 
vantage of the new procedure by whicha 
note indicating this action will appear on 
the specifications. These items are 
listed in Table I and later in this report 
in the discussion of the work of Sub- 
committee I. 

Editorial Study.—Resetting in the new 
format of most of the 100 specifications 
in the charge of the committee has en- 
tailed detailed editorial study. The 
various subcommittee chairmen and 
other members of the committee have 
cooperated with the Society staff in this 
work. The assistance of J. O. Leech 
has been invaluable in these studies. A 
number of inconsistencies have been 
eliminated and in general the editorial 
changes proposed are in the interests 
of clarification and simplification. 

Tentative Standards and Revisions Ap- 
proved During the Past Year.—Subse- 
quent to the 1938 annual meeting, Com- 
mittee A-1 on Steel presented to the 
Society on August 25, 1938, through 
Committee E-10 on Standards the 
recommendations listed below, all of 
which were accepted :! 


1 In submitting these recommendations to Committee 
E-10 on Standards, Committee A-1 reported the following 
results of the letter ballot vote of a total of 128 ballots 
returned from a committee membership of 211: A 210 ~ 
38 T, affirmative 74, negative 1, ballots marked = 
voting’’ 53; A 209 — 38 T, affirmative 76, negative 0, ballots 
marked “not voting” 52; A 211-387, affirmative 69, 
negative 1, ballots marked “not voting” 58; A 83 - 387, 
affirmative 74, negative 0, ballots marked “‘not voting | 
54; A 192 - 36 T, affirmative 70, negative 0, ballots market 
“not voting” 57; A 194 - 38 T, affirmative 73, negative 
ballots marked ‘“‘not voting” 55; A 134 — 36, affirmative 4 
negative 1, ballots marked “not voting” 58; A 139 - 36, 
afirmative 74, negative 0, ballots marked not vores 
54; A 15-35, affirmative 74, negative 0, ballots marke 
“not voting’ 54; A 160 - 36, affirmative 74, negative 0, 
ballots marked “not voting” 54. 
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Tentative Specifications for: 


Medium Carbon Seamless Steel Boiler and 
Superheater Tubes (A 210-38 T), 

Seamless Carbon-Molybdenum Alloy-Steel 
Boiler and Superheater Tubes (A 209 - 38 T), 

Spiral Welded Steel or Iron Pipe (A 211 - 
3$T), 

1 Welded and Seamless Steel and Lap- 
Welded Iron Boiler Tubes (A 83 — 38 T) which 
area revision of and supersede the corresponding 
Standard Specifications A 83-36 which were 
by simultaneous action withdrawn, 


Revision of Tentative Specifications for: 
Seamless Steel Boiler Tubes for 
Pressure Service (A 192 - 36 T), 
Carbon and Alloy-Steel Nuts for Bolts for 
High-Pressure and High-Temperature Service 
to 1100 F. (A 194 - 38 T), 


Tentative Revision of Standard Specifications for: 
Electric-Fusion-Welded Steel Pipe (Sizes 30 
in, and Over) (A 134 - 36), 
Electric-Fusion-Welded Steel Pipe (Sizes 8 
in. to but not Including 30 in.) (A 139 — 36), 
Billet-Steel Concrete Reinforcement Bars 
A15-35), and 
Axle-Steel Concrete Reinforcement Bars 
(A 160 - 36). 


High- 


The six tentative specifications and 
the four tentative revisions of standards 
appear in the 1938 Proceedings.? 

The extent of use of the medium- 
carbon grade of material previously 
covered as grade C in the Standard 
Specifications for Lap-Welded and Seam- 
less Steel and Lap-Welded Iron Boiler 
Tubes (A 83- 36) as well as the de- 
‘irability of embodying certain modi- 
fications and additional requirements 
ed to separate specifications for this 
grade of material. The withdrawal 
tom Specifications A 83 of grade C was 
accompanied by other important 
changes, particularly the method of 
indicating wall thickness by decimals in 
place of B.w.g. and fractions; also per- 
missible variations for wall thickness and 
Weight are now indicated in percentages 
rather than by the dual system which 

ag aeedings, Am. Soc. Testing Mats., Vol. 38, Part I, 

P 543, 550, 557, 531, 537, 560, 1309, 1310 (1938); also 1938 


-? of A.S.T.M. Tentative Standards, pp. 78, 85, 107, 
», 72, 116, 1675, 1676 
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existed previously. Revised tavles of 
permissible variations for co °-drawn 
tubes were included for the sake of com-— 
pleteness and a restriction limiting the. 
allowable eccentricity in anv one tube. 
Concurrently with the = anges in the 
Specifications for Lap-Welda: 
less Steel and Lap-Welded .ron Boiler 
Tubes (A 83-38 T), the Specifications - 
for Seamless Steel Boiler Tubes for 
High-Pressure Service (A 192-36 T) 
were revised embodying the appropriate 
modifications described in the preceding } 
paragraph. 
The new specifications for carbon- _ 
molybdenum seamless and boiler super- 
heater tubes and for spiral welded steel 
or iron pipe met definite needs for stand- 
ardized requirements for these materials. 
In each case close cooperation of con-— 
sumers and makers has resulted in the 
establishment of satisfactory require- 
ments. In the case of spiral pipe, there 
are three types in rather widespread use. 
Because it is not possible to cover com- 
pletely in a single specification all types 
of this kind of pipe, the new a el 
covers material less than 3%, in. in thick- 
ness, and tentative revisions were set 
up with the thought in mind that they | 
would be adopted in 1939 in the two 
existing Standard Specifications for Elec- 
tric-Fusion-Welded Steel Pipe (sizes 30° 
in. and over) (A 134 — 36) and Welded 


Specifications for Electric-Fusion-Welded © 
Steel Pipe (sizes 8 in. to but not 
Including 30 in.) (A 139 — 36) to cover 
spiral pipe in heavier wall thicknesses. 

Proposed changes in the reinforcing 
bar specifications (A 15 and A 160) in- 
tended to be adopted in 1939 will remove. 
overlapping requirements and also over- 
come a source of confusion and misinter- 
pretation in the manufacture and use of 
this material. 

The modifications made in the Speci- 
fications for Carbon and Alloy-Steel 
Nuts for Bolts for High-Pressure and 
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High-Temperature Service to 1100 F. 
(A 194-—38T) met the demand for a 
low-carbon sulfur nut, and also by 
changes in chemical composition pro- 
vided that materials of similar composi- 
tion covered in other specifications for 
high-temperature service can be used in 
fabrication of the nuts. 


Revisions in Permissible Variations: 


Prior to the January meeting of the 
committee, there was referred by letter 
for comment and consideration to some 
_ 50 members, including general interests, 
consumers and producers, a suggestion 
that there be established in one place, 
either as a specification or a standard 
practice, tolerances for rolled steel 
_ products, and with this the further sug- 
_ gestion that there be eliminated from the 
specifications the existing tables, refer- 
ences to be included in each of the 
‘specifications involved to the separate 
specifications for tolerances. The pro- 
posal also included that there be given 
in the tolerance specification the various 
_ permissible variations established by the 
Association of American Steel Manu- 
_ facturers Technical Committees cover- 
_ ing shapes, both structural and bar size. 
At the January meetings there was con- 
siderable discussion in several subcom- 
_ mittees and in the Advisory Committee 
with no conclusive decision being 
reached, opinions from individuals and 
from subcommittees being about evenly 
divided on the merits of the proposal. 
_ Further discussion at the meeting of the 
_ Advisory Committee in Columbus re- 
sulted in the matter being tabled, it 
being the general feeling that consider- 
able time would be entailed in such a 
change and since there was no unanimity 
of opinion, no action should be taken at 
present. 

It is desirable that the tables of per- 
missible variations appearing in so many 
_ of the steel specifications be in line with 
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current practice. Accordingly, rela. 
tively recent changes in the manufac. 
turers’ standard practice as set up by 
the Association of American Steel Manv- 
facturers Technical Committees will 
result in modifications in a number of 
tables in the steel specifications involving 
the tables of permissible variations as 
follows: permissible variations of plates 
ordered to weight, permissible over 
weights of plates ordered to thickness, 
permissible variations over ordered 
thickness of plates over 2 in. in thick- 
ness, permissible variations in the sizes 
of rounds and squares, hexagons, flats, 
bar-size angles, tees, zees and channels 
A number of the changes, particularly 
in the plate tables, have resulted from a 
difference in commercial distinction es- 
tablished between plates and sheets. 
In other cases tables have been extended 
to cover larger dimensioned materials. 
While in most cases, particularly for 
plates, tolerances have not been modi- 
fied, in some involving bars and related 
shapes the tolerances have been nar- 
rowed. In the Appendix are given the 
latest tables of permissible variations 
which will be included in the steel speci- 
fications, together with a listing of those 
standards in which the revised tables 
will appear. When the steel specifica- 
tions are published in the 1939 Book of 
Standards only the sizes covered by the 
scope of the respective specifications 
will be included in the tolerance tables. 

While these changes are considered 
primarily of an editorial nature, letter 
ballots in the appropriate subcommittees 
and in the main committee have been 
taken, resulting in a practically unanl- 
mous affirmative vote. 

For convenience, the recommenda- 
tions of the committee affecting its 
standard and _ tentative specifications 
are listed below in summarized form with 
an analysis of the letter ballot given 12 
Table I. Certain of these recommenda- 
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tions are referred to further in the dis- Strength Carbon-Silicon-Steel Plates for 
cussion of subcommittee activities. Boilers and Other Pressure Vessels 
D by mine (Plates 2 in. and Under in Thickness) 
I. New TENTATIVE STANDARDS. (A 149-38) and for High Tensile 
will The committee recommends that the Strength Carbon-Silicon-Steel Plates for 
er of & {ollowing proposed tentative specifica-~ Boilers and Other Pressure Vessels 
ving § tions be accepted for publication as (Plates over 2 to 4} in., Inclusive, in 
iS as tentative:? Thickness) (A 150 — 38). 

lates Specifications for: Further explanation of these proposed 


rela- 
ufac- 


over- . consolidated standards appears later in ag 
ness, — Alloy-Steel Boiler and Superheater — this report under the heading “Activities s 
lered Blectric-Resistance-Welded Steel Heat-Ex- of Subcommittees.” 

hick- changer and Condenser Tubes, 

sizes Carbon-Steel Castings Suitable for Fusion III. Revisions or TENTATIVE © 

flats. Welding for Miscellaneous Industrial Uses, STANDARDS 

nels Carbon-Steel Castings Suitable for Fusion , - 

’ ' Welding for Service at Temperatures up to The committee recommends that the 

arly 850F.,and following tentative specifications be re- 

for vised, as indicated in the Appendix, and 

N es We ing med aia at Temperatures from continued as tentative: 

ets 750 to 1100 F. 

nded Il. New Stawparns Tentative Specifications for: 

rials. : Heat-Treated Carbon- and Alloy-Steel Track 

y for The committee recommends the fol- Bolts (A 183 - 36 T), 

nodi- “wing specifications’ for immediate High-Strength Structural Rivet Steel 

lated § *loption as standard and accordingly (A 195 - 36 T), 


Seamless Steel Boiler Tubes for High- 
Pressure Service (A 192-38 T) editorial 
n the Proposed Specifications for: change, and 


nar- § %ks for the necessary nine-tenths vote: 


tions Seamless Carbon-Molybdenum Alloy-Steel 
pec eel for Bridges and Buildings (A 7 — 39), Pipe for Service at Temperatures from 
those High Tensile Strength Carbon-Silicon Steel 

; ff Yates for Pressure Vessels (Plates 44 in. ¢ 
nder in Thickness). IV. TENTATIVE REVISIONS OF 
ok 0 The proposed Specifications for Steel o : 
y the [i ir Bridges and Buil dings (A 7 - 39) The committee recommends that the 
tions consolidation of the existing Speci- Biven the 
ables. ations for Steel for Bridges (A 7 the Standard Specifications for Boiler 
dered ;A.S.A. G18 — 1936) and for ‘Steel and Firebox Steel for Locomotives 
letter t Buildings (A 9-36; AS.A. G19 - (A 30 - 38) be published as tentative 
ittees ff 1936), for one year before they are referred to 
on The proposed Specifications for High letter ballot of the Society for adoption 


nani- lensile Strength Carbon-Steel Plates standard. 
' Pressure Vessels (Plates 43 in. and 


‘ V. ADOPTION OF TENTATIVE 
enda ‘der in Thickness) are a consolidation Sean S 
g its the Specificati TANDARDS AS STANDARD 
Specifications for High Tensile 
tions The committee recommends that the 
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one of the specifications listed, as given 
in detail in the Appendix: 


‘Tentative Specifications for: 


High-Carbon-Steel Joint Bars (A 5 — 36 T),® 

Quenched Carbon-Steel Joint Bars (A 49 - 
36 

Normalized Quenched-and-Tempered Alloy- 
Steel Forgings (A 63 — 38 T),® 

One-Wear and Two-Wear Wrought Steel 
Wheels (A 186 — 36 T),? (as revised), 

Carbon-Steel Castings for Miscellaneous In- 
dustrial Uses (A 27 - 36 T),? 

Seamless Cold-Drawn Intermediate Alloy- 
Steel Heat-Exchanger and Condenser 
Tubes (A 199 37 

Seamless Intermediate Alloy-Steel Still Tubes 
for Refinery Service (A 200 - 37 T),® 

Low-Carbon-Nickel Steel Plates for Boilers 
and Other Pressure Vessels (A 203 - 37 
T),? and 

Carbon and Alloy-Steel Nuts for Bolts for 
High-Pressure and High-Temperature 
Service to 1100 F. (A 194 - 38 T).° 


VI. ApopTION OF REVISIONS OF 
STANDARDS 
The committee recommends that re- 
visions previously published as tenta- 
tive” in the Standard Specifications for 
Iron and Steel Chain (A 56 — 30) be 
referred to letter ballot of the Society 
for adoption as standard. 
Revisions previously published as 
tentative'® and revisions for immediate 
adoption as given in the Appendix are 
recommended for reference to letter 
ballot of the Society for adoption as 
standard in the following: 


5 Proceedings, Am. Soc. Testing Mats., Vol. 36, Part I, 
pp. 579, 583 (1936); 17 1938 Book of A.S T. M. Tentative 
Standards, pp. 22, 
* Proceedings, = “Soc. Testing Mats., Vol. 38, Part I, 
p. 586 one: also 1938 Book of A.S.T.M. Tentative Stand- 

roceedings, Am. Soc. Testing Mats., Vol. 36, Part I, 
pp. 592, 598 (1936); also 1938 Book of A.S.T.M. Tentative 
Standards, pp. 52, 58. 
® Proceedings, "Am. Soc. Testing Mats., Vol. 37, Part I, 
pp. 601, 608, 577 (1937); also 1938 Book of A.S.T.M. Tenta- 
tive Standards, pp. 92, 99, 5. 
» Proceedings, Am. Soc. Testing Mats., Vol. 38, Part I, 
p. 560 (1938); also 1938 Book of A.S.T.M. Tentative Stand- 
ards, p. 116. 

10 Proceedings, Am. Soc. Testing Mats., Vol. 38, Part I, 
RP. - 1315, 1310, 1311, 1313 (1938); also 1938 Book of A.S.T.M. 
entative Standards, pp. 1681, 1676, 1677, 1679. 
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Standard Specifications for: 


Alloy-Steel Bolting Material 
Temperature Service (A 96 
G 17.2 — 1934), 

Alloy-Steel Castings for Valves, Flanges and 
Fittings for Service at Temperatures from 
750 to 1100 F. (A 157 — 36), 

Forged or Rolled Steel Pipe Flanges for High- 
Temperature Service (A 105 - 36; ASA 
G 17.3 — 1936), 

Forged or Rolled Alloy-Steel Pipe Flanges, 
Forged Fittings, and Valves and Parts for 
Service at Temperatures from 750 to 
1100 F. (A 182 — 36), and 

Lap-Welded and Seamless Steel Pipe for 
High-Temperature Service (A 106-36; 
A.S.A. B 36.3 — 1936). 


High- 
33; AS.A. 


Revisions for immediate adoption 
as given in the Appendix are recon- 
mended for reference to letter ballot of 
the Society for adoption as standard in 
the following; the committee asking for 
the necessary nine-tenths vote: 


Standard Specifications for: 


Open-Hearth Carbon-Steel Rails (A 1 - 36), 
Carbon-Steel Bars for Railway Springs 
(A 14 - 27), 
Silico-Manganese-Steel 
Springs (A 59-27), 
Chrome-Vanadium-Steel Bars for Railway 
Springs (A 60 — 27), 
Carbon-Steel Bars for Railway Springs with 
Special Silicon Requirements (A 68 - 36), 
Helical Steel Springs for Railways (A 61 - 
16), revised as appended hereto," 
Heat-Treated Carbon-Steel Helical Springs 
(A 125 — 33), revised as appended hereto," 
Elliptical Steel Springs for Railways (A 62- 
16), revised as appended hereto," 
Heat-Treated Steel Elliptical Springs 
(A 147 — 35), revised as appended hereto," 
Multiple-Wear Wrought Steel Wheels (A 57 - 
36), 
Steel Tires (A 26-16) (in the form of new 
specifications appended)," 
Open-Hearth Iron Plates of Flange Quality 
(A 129 — 33), 
Steel Plates of Flange and Firebox Qualities 
for Forge Welding (A 89 — 33), 
Carbon-Silicon-Steel Plates of Ordinary 
Tensile Ranges for Fusion-Welded Boilers 


Bars for Railway 


1 These specifications were adopted as standard by the 
Society and appear in the 1939 Book of A.S.T.M. S 
ards, Part I. 
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and Other Pressure Vessels (A 201 — 38), 
and 
Boiler Rivet Steel and Rivets (A 31 - 36).! 


Revisions approved for publication 
as tentative by Committee E-10 on 
Standards in August, 1938, are recom- 
mended to be approved for reference to 
letter ballot of the Society for adoption, 
in the following: 


Standard Specifications for: 

Billet-Steel Concrete Reinforcement Bars 
(A 15-35; A.S.A. A 50.1 — 1936), 
Axle-Steel Concrete Reinforcement 

(A 160 - 35), 

Electric-Fusion-Welded Steel Pipe (Sizes 30 
in. and Over) (A 134 — 36; A.S.A. B 36.4- 
1936), and 

Electric-Fusion-Welded Steel Pipe (Sizes 8 
in, to but not Including 30 in.) (A 139 — 36; 
AS.A. B 36.9 — 1936). 


Bars 


The committee asks for the necessary 
nine-tenths vote at the annual meeting 
in order that all revisions not published 
previously as tentative and those ap- 
proved by Committee E-10 on Stand- 
ards Jast August may be referred to 
Society letter ballot. 


VII. WiTHDRAWAL OF STANDARDS 
AND TENTATIVE STANDARDS 
The following specifications are rec- 
ommended for withdrawal: 


andard Specifications for: 


Steel for Buildings (A 9 — 36; A.S.A. G 19 - 
1936), 

Quenched-and-Tempered Alloy-Steel Axles, 
Shafts and Other Forgings for Locomotives 
and Cars (A 63 — 36), 

(uenched-and-Tempered Carbon-Steel Axles, 
Shafts and Other Forgings for Locomotives 
and Cars (A 19 — 36), 

High Tensile Strength Carbon-Silicon-Steel 
Plates for Boilers and Other Pressure Ves- 
sels (Plates 2 in. and Under in Thickness) 
(A 149 — 38), and 

High Tensile Strength Carbon-Silicon-Steel 

,,On the recommendation of Committee A-1 on Steel, 
¢ Executive Committee at its October, 1939, meeting 
proved postponement of the adoption of the revision 
standard A 31 which had been approved by Society 
“tter ballot, September 15, 1939. The revision will con- 

;tue to be published as tentative, as the committee plans 


.. Prepare requirements for bending and flattening proper- 


— having the changes incorporated in the speci- 


Plates for Boilers and Other Pressure Ves- 
sels (Plates over 2 to 4} in., Inclusive, in 
Thickness) (A 150 - 38), 


Tentative Specifications for: 

Carbon-Steel Forgings for 

(A 20-317). 

Comments on the withdrawal of these 
specifications appear later in this report 
under the Activities of Subcommittees. 
Many of the requirements given in the 
specifications are being incorporated 
into other specifications resulting from 
consolidation. 

The recommendations appearing in 
this report have been referred to letter 
ballot of the committee which consists 
of 226 members with the results shown 
in Table I. 


Locomotives 


ACTIVITIES OF SUBCOMMITTEES 


Certain features of the committee’s 
work are discussed below, grouped in the 
order of the respective subcommittees 
responsible. 

Subcommittee I on Steel Rails and Ac- 
cessories (E. F. Kenney, chairman),— 
The revisions proposed for immediate 
adoption in the Specifications for Open- 
Hearth Carbon-Steel Rails (A 1 — 36) 
are recommended to bring the require- 
ments in line with similar specifications 
of the American Railway Engineering 
Assn. and those in the Tentative Speci- 
fications for Heat-Treated Carbon and 
Alloy-Steel Track Bolts (A 183 — 36 T) 
are intended as a clarification. 

Seven of the standards in the charge 
of this subcommittee have remained 
for six or more years without revision. 
Accordingly, the committee has _re- 
viewed these, reaffirming them by letter 
ballot and it recommends taking ad- 
vantage of the procedure to be es- 
tablished by which a notice of the re- 
affirmation will appear on them. The 
specifications are as follows: 

Manufacture of Open-Hearth Steel Girder 


Rails of Plain, Grooved and Guard Types 
(A 2-27), 


re, 
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* TABLE I. 


Items 


I. New TENTATIVE STANDARDS 


Spec. for Alloy Steel Boiler and Su 
Spec. for Electric Resistance Welde 
Spec. for Carbon- Steel Castings for Miscellaneous Industrial Uses Suit- 
Spec. for Carbon-Steel Castings Suitable for Fusion Welding for Service 
at Temperatures up to B50 
Spec. for Alloy-Steel Castings Suitable for Fusion Welding for Service 
at Temperatures from 750 to 1100 F............... 


II. New STANDARDS 


Spec. for Steel for Bridges and Buildings (A 7 - 39)..................04.. 
Spec. for High Tensile Strength Carbon-Steel Plates for Pressure Vessets 
(Plates 44% in. and Under in Thickness)..................... : 


III. Revisions or TENTATIVE STANDARDS 


Spec. for Heat-Treated Carbon- and Alloy-Steel Track Bolts (A 183 - 


36 T) 
Spec. for High-Strength Structural Rivet Steel (A 195 - 36 ,) ee 
Spec. for Seamless Carbon-Molybdenum Alloy-Steel Pipe for Service at 
Temperatures from 750 to 1000 F. (A 206 - 38 T)..................0005. 


IV. TENTATIVE REVISIONS OF STANDARDS 
Spec. for Boiler and Firebox Steel for Locomotives (A 30 - 38)........... 
V. Apoption or TENTATIVE STANDARDS AS STANDARD 
Spec. for High-Carbon-Steel Joint Bars (A 5 - 36 ».. 


Spec. for Quenched Carbon-Steel Joint Bars (A 49 - 36 T) 
Spec. for Normalized Quenched-and-Tempered Alloy. Steel Forgings 


Spec. for One-Wear a and Two-Wear Wrought Steel Wheels (A 186 ~ 36 ey 


m4 or Seamless Cold-Drawn Intermediate Alloy- Steel Heat- Exchanger 
and Condenser Tubes (A 199 - 37 T) 

Spec. for Seamless Intermediate Alloy- Steel Still Tubes for Refinery Serv- 
ice (A 200 37 T) 

Spec. for Low-Carbon-Nickel Steel Plates for Boilers and Other Pressure 
Vessels (A 203 - 37 T) 

Spec. for Carbon and Alloy- Steel Nuts for Bolts for High-Pressure and 
High-Temperature Service to 1100 F. (A 194 - 38 T) 


VI. Aportion or REVISIONS OF STANDARDS 


Spec. for Open-Hearth Carbon-Steel Rails (A 1 ~ 36), immediate adoption. 
Spec. for Carbon-Steel Bars for Railway Springs (A 14 — 27), immediate 
Spec. for Silico-Manganese-Steel Bars for Railway Springs (A 59 - 27), 
Spec. for Chrome-Vanadium-Steel Bars for Railway Springs (A 60 - 27), 
immediate adoption 
Spec. for Carbon-Steel Bars for Railway Springs with Special Silicon 
Requirements (A 68 - 36), immediate adoption..... 
Sone. for Helical Steel Springs for Railways (A 61 - 16), immediate adop- 
Spec. for Heat-Treated Carbon-Steel Helical Springs (A 125 - 33), imme- 
diate adoption 
Spec. for Elliptical Steel Springs for Railways (A 62 
adoption... 
Spec. for Heat-Treated Steel Elliptical Springs. (A 147 - 35), immediate 
adoption 
Spee. for Billet-Steel Concrete Reinforcement Bars (A 15-35; A.S.A. 
50. 1 1936).. 
Spec. for Axle-Steel Concrete Reinforcement Bars (A 160 - 36) 
Spec. for Multiple-Wear Wrought Steel Wheels (A 57 - 36), immediate 
Spec. for Steel Tires (A 26 16), immediate 
Spec. for Electric-Fusion-Welded Steel Pipe (Sizes 30 in. and Over) 
Spec. for Electrie- Fusion-Welded Steel Pipe (Sizes 8 in. to but not In- 
cluding 30 in.) (A 139 - 36; A.S.A. B 36.9 — 1936).. 
Spec. for Boiler Rivet Steel and Rivets (A 31 - 36), immediate adoption'?. 
Spec. for epee Iron Plates of vlange Quality “ 129 - 33), imme- 
diate adoption. . 


16), immediate 
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ANALYSIS OF LETTER BALLOT VOTE. 
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Items Affirmative Negative 
Voting”’ 
Spec. for Steel Plates of Flange and Firebox Qualities for Forge Welding 
89 - 33), immediate adoption............. 61 3 67 7 
Spec. for Carbon-Silicon-Steel Plates of Ordinary Tensile Ranges for 
Fusion-Welded Boilers and Other Pressure Vessels (A 201 - 38), imme- 
diate adoption........... 65 1 65 
Spec. for Alloy-Steel Bolting Material for High-Temperature Service 
(A 96 - 33; A.S.A. G 17.2 - 1934)........ 66 1 64 
Spec. for Alloy-Steel Castings for Valves, Flanges and Fittings for Service 
at Temperatures from 750 to 1100 F (A 157 - 36), immediate adoption. . 74 1 56 
Spec. for Iron and Steel Chain (A S6-30)...............eeeessccesceees 52 0 110 , 
Spec. for Forged or Rolled Steel Pipe Flanges for High-Temperature Serv- ' 
ice (A 105 - 36; A.S.A. G 17.3 — 1936), immediate adoption.............. 70 0 61 
Spec. for Forged or Rolled Alloy-Steel Pipe Flanges, Forged Fittings, 
and Valves and Parts for Service at Temperatures from 750 to 1100 F. 
(A 182 - 36), immediate adoption........ 71 0 61 
Spec. for Lap-Welded and Seamless Steel Pipe for High-Temperature - 
Service (A 106 - 36; A.S.A. B 36.3 - 1936), immediate adoption........ 73 1 57 7 
VII. WITHDRAWAL OF STANDARDS AND TENTATIVE STANDARDS y 
Spec. for Steel for Buildings (A 9 — 36; A.S.A. G 19 - 1936)............... 99 0 63 
Spec. for Quenched-and-Tempered Alloy-Steel Axles, Shafts and Other 
Forgings for Locomotives and Cars 17 2 54 
Spec. for Quenched-and-Tempered Carbon-Steel Axles, Shafts and Other 
Forgings for Locomotives and Cars (A 19 - 36)........... PRG i 120 4 58 
Spec. for Carbon-Steel Forgings for Locomotives (A 20-31 T)........... 120 4 58 
Spec. for High Tensile Strength Carbon-Silicon-Steel Plates for Boilers 
and Other Pressure Vessels (Plates 2 in. and Under in Thickness) . 
Spec. for High Tensile Strength Carbon-Silicon-Steel Plates for Boilers 
ad Other Pressure Vessels (Plates over 2 to 4% in., Inclusive, in Thick- 
VIII. REAFFIRMATION OF SPECIFICATIONS 
pec. for Manufacture of Open-Hearth Steel Girder Rails of Plain, 
Grooved and Guard Types fa 45 0 86 
for Low-Carbon-Steel Splice Bars (A 3 - 33)........................ 47 0 84 - 
pec. for Medium-Carbon-Steel Splice Bars (A 4 - 14).................... 47 0 84 
pec. for Soft Steel Track Spikes (A 65 -— 33)..............ccccceccecccese 48 0 83 
pec. for Low-Carbon-Steel Track Bolts (A 76 - 33)...................... 48 0 83 
ec. for Steel Screw Spikes (A 66 - 33).............ccecceceuceucee 46 0 85 


Low-Carbon-Steel Splice Bars (A 3 — 33), 

Medium-Carbon-Steel Splice Bars (A 4 — 14), 

Soft Steel Track Spikes (A 65 - 33), 

Steel Tie Plates (A 67 — 33), 

Low-Carbon-Steel Track Bolts (A 76 - 33), 
and 


Steel Screw Spikes (A 66 — 33). 


Subcommittee II on Structural Steel 
Bridges, Buildings and Rolling Stock 
F. H. Frankland, chairman).—The re- 
luction in the tensile range in the Tenta- 
tive Specifications for High-Strength 
structural Rivet Steel (A 195 — 36 T) as 
given in the Appendix is believed will 
result in material better suited to the 
fequirements. The original tensile 
values were based upon the steel in the 
“as-tolled” condition, whereas the rivet 
stock required in this specification must 
be annealed. 

Probably the most important and far 
reaching change in this report is the one 


involving the consolidation of the speci- 
fications for steel for bridges (A 7) and 
steel for buildings (A 9). These new 
specifications, to carry the designation 
A 7, are appended." It provides for the 
following changes, in brief: The phos- 
phorus limit for basic open-hearth steel 
for use in buildings is to be reduced from 
0.06 to 0.04 per cent as required for 
bridges, and it will place the same 
sulfur limit on material for buildings as 
now required for bridges, namely, 0.05 
per cent. The elongation requirement 
for steel for buildings will be increased 
from the present minimum requirement in 
8 in. of a figure represented by 1,400,000 
divided by tensile strength, to 1,500,000 
divided by tensile strength, and the bend 
test for this material will be somewhat 


18 These specifications were adopted as standard by the 
Society and appear in the 1939 Book of A.S.T.M. Stand- 
ards, Part I. 
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more restrictive, so that both the elonga- 
tion and bend test will meet the require- 
ments for these properties as now pro- 
vided in the Specifications for Steel for 
Bridges (A 7 — 36). 

Improvements in manufacturing proc- 
esses and other factors have made it 
possible for producers economically to 
furnish the higher grade steel provided 
in the bridge specifications to be used 
in building and other construction. In 
recent months there has been a markedly 
increased tendency in this direction. 
Accordingly it seems desirable from the 
manufacturers standpoint to take cog- 
nizance of the situation by enlarging 
the scope of the specifications. From 
the standpoint of the consumers, the 
change should be welcomed. 

Requirements for structural bolts are 
provided for in the new specifications. 

During the year there has been dis- 
cussion of a possible combination em- 
bodying the requirements of the Stand- 
ard Specifications for Mild Steel Plates 
(A 10 — 34) and the Standard Specifica- 
tions for Steel Plates of Structural 
Quality for Forge Welding (A 78 ~ 33), 
but the matter needs further considera- 
tion. 

Subcommittee IV on Spring Steel and 
Steel Springs (C. T. Edgerton, chair- 
man).—Detailed studies initiated pri- 
marily from the standpoint of editorial 
improvement indicated the desirability 
of a number of changes in eight of the 
nine specifications covering springs and 
bars for springs. The intensive work 
on these revisions has been handled 
by a special section headed by T. R. 
Weber, American Locomotive Co., Rail- 
way Steel-Spring Division. The 
changes clarify a number of points and 
bring about a desirable uniformity of 
expression for similar requirements. 
The four specifications for springs, A 61, 
A125, A62, and A149 are submitted 
in their revised form as complete speci- 
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fications." Changes in the bar speci- 
fications, A 14, A 59, A 60, and A 68 are 
noted in the Appendix, even though with 
one exception they might be considered 
as editorial. 

One very important activity of the 
subcommittee, initiated during the year, 
is the formation of a new section headed 
by Mr. Franz Zimmerli, Barnes-Gibson- 
Raymond Division, Associated Spring 
Corp., to develop standardized require- 
ments for the material known as music 
wire. There are no standardized speci- 
fications for any of the various kinds of 
material used in the manufacture of wire 
springs. Accordingly, a study of the 
entire field will eventually be made. In 
order that the section will be quite ade- 
quate for this task, a number of new 
members have been secured to cooperate 
in this work, representing interests con- 
cerned with the production or use of 
spring wire. ‘The section for the present 
plans to concentrate its work on round 
spring wire exclusive of round spring 
grades. While the problems confront- 
ing this section are many, it is expected 
that definite recommendations can be 
made in the near future for certain ma- 
terials. 

Pending further study, possible re- 
vision or withdrawal of the Standard 
Specifications for Carbon-Steel Bars for 
Vehicle and General Purpose Springs 
(A 58 — 27) is being considered, but no 
action is proposed in connection with 
these specifications at this time. 

Subcommittee VI on Steel Forgings and 
Billets (W. M. Barr, chairman).—In- 
tensive work by a special section headed 
by P. E. McKinney resulted in proposed 
revised specifications for carbon-steel 
forgings to consolidate into one docu- 
ment requirements for all grades of 
carbon-steel forgings covered in three 
existing Specifications A 18, A 19 and 


44 See Editorial Note, p. 79. 
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A420. Objections were raised, how- 
ever, to the proposed requirements for 
physical properties. As a result, new 
proposed tentative specifications . for 
carbon-steel forgings have been drafted 
and will be submitted to the Society 
through Committee E-10 on Standards. 
The existing Standard A 18 — 30 will be 
continued, but Standard Specifications 
A19 and A 20 are to be withdrawn." 

A companion section headed by J. H. 
Higgins has developed drafts for pro- 
posed specifications for alloy-steel forg- 
ings to cover in a consolidated specifica- 
tion all forgings of alloy steel now given 
in Specifications A 133, A 18, and A 63. 
It is expected action will be taken 
within the year to approve these new 
specifications for submission to the So- 
ciety for publication as tentative, at the 
same time withdrawing the existing 
specifications listed. During the period 
that the proposed consolidated alloy- 
steel specifications are tentative, the 
committee feels it desirable to retain the 
Tentative Specifications for Normalized 
(Quenched-and-Tempered Alloy-Steel 
Forgings (A 63 — 38 T) and is taking ac- 
tion to recommend the adoption of the 
latter as standard after deletion of the 
section on proof tests and the appendix 
relating to this test. 

Two other specifications were reviewed 
by the subcommittee: the Standard 
Specifications for Carbon-Steel Car and 
Tender Axles (A 21 — 36) are essentially 
special specifications embodying tests 
which are not applicable to forgings 
other than axles and should stand with- 

it change; likewise no recommenda- 
tions for changes in the Standard 
Specifications for Carbon-Steel and Al- 
‘oy-Steel Blooms, Billets, and Slabs for 
Forgings (A 17 — 29) are being made. 

Subcommittee VII on Steel Wheels and 
Tires (R. W. Steigerwalt, chairman).— 
The Standard Specifications for Steel 
Tires (A 26 ~ 16) have not been revised 


since 1916, but recommended changes 
which have been developed will bring 
them up to date and cover all require- 
ments and practices now used by the 
Association of American Railroads. 
The changes in substance and editorial 
modifications have been incorporated 
in the revised specifications which are 
recommended for continuation as stand- 
ard. 

With the adoption of the recom- 
mended revisions, as given in the Ap- 
pendix, in the Standard Specifications 
for Multiple-Wear Wrought Steel 
Wheels (A 57 — 36) and in the Tentative 
Specifications for One-Wear and Two- 
Wear Wrought Steel Wheels (A 186 - 
36 T) the subcommittee believes all of 
its specifications for steel wheels and 
tires will be up to date and in line with 
current practice. A number of editorial 
changes including modified tables item- 
izing permissible variations, a clearer 
type of illustration, and other corre- 
sponding changes should improve the 
utility of the specifications. 

Subcommittee VIII on Steel Castings 
(W. C. Hamilton, chairman).—This 
subcommittee has reviewed the Standard 
Specifications for Austenitic Manga- 
nese-Steel Castings (A 128-33) which 
have remained unchanged since 1933. 
Since no suggestions other than of an 
editorial nature have been received, it 
is recommended that they continue 
without change in substance. The Ten- 
tative Specifications for Carbon-Steel 
Castings for Miscellaneous Industrial 
Uses (A 27 — 36 T), widely used in many 
branches of industry, have been tenta- 
tive for three years and the requirements 
have proved generally acceptable. Ac- 
cordingly, their adoption as standard at 
this time seems logical. 

The subcommittee has been cognizant 
of a rapidly growing interest in the sub- 
ject of welding castings and to meet the 
need for standardized requirements, 
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including maximum carbon limits, has 
developed the proposed new Tentative 
Specifications for Carbon-Steel Castings 
for Miscellaneous Industrial Uses Suit- 
able for Fusion Welding.’ The sub- 
committee recognizes that when addi- 
tional information is obtained on 
chemical limitations, including man- 
ganese, carbon, and other elements, it 
may be found necessary to recommend 
changes in the specifications. Very 
recent developments indicate the de- 
sirability of a standard covering low- 
alloy-steel castings for fusion welding, 
and it is anticipated work will begin soon 
in drafting requirements. 

Subcommittee IX on Steel Tubing and 
Pipe (T. G. Stitt, chairman).—With 
over twenty specifications for various 
types and grades of pipe and tubing in 
its immediate charge, Subcommittee 
IX covers an extremely active field. 
Several different sections which have 
been responsible for parts of the program 
of work have achieved considerable suc- 
cess during the year. In addition to its 
recommendations submitted to Com- 
mittee E-10 on Standards in August, 
referred to earlier in this report, several 
other important matters are recom- 
mended for action at the annual meeting. 
These include two proposed new speci- 
fications, under development for some 
time, covering alloy-steel boiler and 
superheater tubes and electric-resist- 
ance-welded steel heat-exchanger and 
condenser tubes. Revisions providing 
for the inclusion of the heavier weights of 
spiral welded steel and iron pipe are 
recommended for adoption as standard 
in the two specifications for electric- 
fusion-welded steel pipe A 134 — 36 and 
A 139 — 36. 

When the scope of the Specifications 
for Seamless Steel Boiler Tubes for 


16 These specifications were accepted as tentative by 
the Society and appear in the 1939 Book of A.S.T.M. 
Standards, Part I. 


High-Pressure Service (A 192 ~-38T) 
was extended to include tubes of small 
diameter, no provision was made in the 
marking clause for a separate type of 
marking for tubes 1} in. in outside 
diameter and smaller, and accordingly 
the editorial change in these specifica- 
tions set forth in the Appendix is being 
made. 

At the present time, the committee 
has under way certain series of tests in- 
cluding the study of hydrostatic test 
requirements in its specifications; also 
hardness tests in which readings are to 
be taken on the outer and inner surfaces, 
as well as the core of tubular material. 

The committee has been concerned 
for some time with the lack of provision 
for adequate pipe and tubular test speci- 
mens in the Standard Methods of 
Tension Testing of Metallic Materials 
(E 8— 36). It is felt that such require- 
ments should appear in these methods 
rather than to incorporate separate 
sections in a large number of standards 
for particular pipe products. Accord- 
ingly, the committee is urging Com- 
mittee E-1 on Methods of Testing to 
take action on proposals recently made 
to correct this situation. 

New work is constantly confronting 
the committee as different types of pipe 
and tubular products come into com- 
mercial demand. One example of this 
is the desirability of having standard 
requirements for  electric-resistance- 
welded steel boiler tubes for high-pres- 
sure service. It is expected that a draft 
recommendation will be forthcoming in 
the near future. 

Subcommittee XI on Boiler Steels 
(E. J. Edwards, chairman).—The Spec- 
ifications for Open-Hearth Iron Plates 
of Flange Quality (A 129 33), which 
have remained unchanged for six years, 
were discussed at a meeting of the com- 
mittee, the consensus being reached 
that while the major requirements 


are ‘ 
lete 
Noo 
time 
quire 
rivet 
draft 
cons 
of in 
rath 
68,0 
the 
Riv 
Acc 
mad 
C 
| reat 
cart 
vess 
Stal 
150 
rece 
No 
cor] 
tior 
ma 
Ca 
Pla 
(A 
rai: 
ove 
sol 
tat 
St 
be 
th 
Ay 
| mi 
fo 
m 


are satisfactory, it is desirable to de- 
lete the match-marking requirements. 
No other change is recommended at this 
time. Demand for standardized. re- 
quirements for higher strength boiler 
rivet steels was at first to be met by 
drafting new specifications, but further 
consideration indicated the desirability 
of incorporating the one grade that is in 
rather wide usage, namely, a 58,000 to 
68,000 psi. tensile strength grade in 
the present Specifications for Boiler 
Rivet Steel and Rivets (A 31 - 36). 
Accordingly, this proposal is being 
made. For details, see the Appendix. 
Consolidated specifications embodying 
requirements for high tensile strength 
carbon-silicon steel plates for pressure 
vessels covered in the two existing 
Standard Specifications A149 and A 
150, have been completed and are being 
recommended for adoption as standard. 
No essential substance changes are in- 
corporated in the combined specifica- 
tions. It is possible the committee 
may recommend shortly the consolida- 
tion of two other specifications covering 
Carbon-Steel Plates (A 70) and Steel 
Plates of Flange and Firebox Qualities 
(A89). While certain objections were 
raised at the March meeting, a sub- 
sequent letter ballot vote indicates an 
overwhelming opinion in favor of con- 
solidation. The suggestion that a limi- 
tation be placed on incidental copper 
content for firebox material in the 
Specifications for Boiler and Firebox 
steel for Locomotives (A 30-38) has 
been made by the railroad interests and 
the tentative revision detailed in the 
Appendix is intended eventually to 
meet this demand. 
_One of the major problems still be- 
lore the committee is the drafting of 
satisfactory requirements for the nu- 
merous classes of low-alloy steel plate 
material for boiler and pressure vessel 
work. While there are four existing 
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specifications for different alloys, in- 
cluding one tentative standard the 
latter covering low-carbon-nickel steel 
plates for boilers and other pressure 
vessels (A 203~—37T), now  recom- 
mended for adoption as standard, the 
possibility of consolidated specifications 
is being given further thought. Orig- 
inally it was hoped one specification with 
various Classes of steel might be devel- 
oped but this idea was temporarily 
abandoned. However, the special sec- 
tion headed by L. P. McAllister is con- 
sidering the numerous ramifications in- 
volved, and certain recommendations 
are hoped for soon. 

Subcommittee XIII on Methods of 
Physical Tests (L. H. Fry, chairman).— 
This subcommittee has held three in- 
teresting and well-attended meetings 
during the year, at each of which there 
has been consideration of various ques- 
tions affecting determination of yield 
point and speed of testing. 

On the recommendation of the sub- 
committee, a change is to be made in 
the Tentative Method of Bend Test- 
ing for Ductility of Metals (E 16 - 38 T) 
to indicate that this is intended to apply 
to tests for welds only. Members of 
the subcommittee have reviewed recom- 
mendations being made by Subcom- 
mittee IX to Committee E-1 to provide 
for more satisfactory test specimens for 
piping material as covered in the Stand- 
ard Methods of Tension Testing of 
Metallic Materials (E 8). 

Discussion of methods of limiting the 
rate of pulling brought out that for 
hydraulic testing machines it would be 
more convenient to use rate of load 
rather than rate of crosshead travel. 
Subsequent developments led to the 
appointment of a special committee in- 
cluding representatives of testing ma- 
chine manufacturers who have been 
carrying out tests in an attempt to 
correlate rate of loading in hydraulic 
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machines with rate of crosshead travel 
in screw machines, the purpose being 
eventually to set limits which would give 
concordant yield point values with both 
types of machines. 

At both the January and March 
meetings, there was extended discussion 
not only at Subcommittee XIII’s meet- 
ing, but at those of other subcommittees, 
on limiting speeds of testing which might 
be incorporated in the steel specifica- 
tions. The committee had suggested 
the following limiting speeds: 


For specimens with 8-in. gage lengths: 
The free-running crosshead speed to be not 
less than 7g in., nor more than } in. per min. 
for determination of the yield point and not less 
than { in. nor more than 2 in. per min. from 
yield point to the ultimate strength. 


For specimens with 2-in. gage lengths: 
The speed to be not more than % in. per 


min. for determination of the yield point and 


not more than { in. per min. from the yield 


point to the ultimate strength. 


Subsequent discussion in numerous 
subcommittees crystallized criticism on 
the proposed speeds, particularly from 
the yield point to the ultimate strength, 
it being the feeling that in general the 
proposed speeds for determination of 
the yield point were satisfactory and in 
line with general practice, but that re- 
sults had shown that a higher speed 
for determining ultimate strength than 
that recommended would not seriously 
affect the validity of values obtained. 

Various specification-writing subcom- 
mittees are giving further thought to 
this and additional data are expected to 
be submitted to Subcommittee XIII. 

Subcommittee XXI on Steel for Weld- 
ing (N. L. Mochel, chairman).—Dis- 
cussion of the scope of work of Subcom- 
mittee XXI has led to the conclusion 
that it no longer need be considered as 
an advisory group to the other sub- 
committees since in practically all cases 
the specification writing committees 
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have qualified members conversant with 
welding requirements. The committee, 
however, is retaining its jurisdiction 
over the Filler Metal Specifications 
(A 205 — 37 T) and it may be necessary 
for the committee to supervise or to 
actually develop specifications for cer- 
tain other materials suitable for weld- 
ing as the occasion arises. The need 
for standard requirements for low-alloy 
steels suitable for fusion welding and 
used for various purposes has become 
evident. Consequently, the committee 
is retaining its complete personnel in 
readiness to handle promptly such sub- 
jects as are necessary. 

Subcommittee XXII on Valves, Fit- 
tings, Piping and Flanges for High- 


ee Service (A. E. White, 


chairman).—Constant surveillance is 
necessary by this subcommittee to keep 
requirements in its various specifications 
for materials for high-temperature 
service in line with the latest manufac- 
turing practices and with demands of 
consuming interests. A large number of 
grades of material offering satisfactory 
use in many services makes the work 
somewhat involved as well. During the 
year, the eleven specifications issued 
through the work of Subcommittee 
XXII have been reviewed and a num- 
ber of changes are proposed for im- 
mediate adoption as detailed in the 
Appendix and revisions published as 
tentative in previous years are recom- 
mended for adoption. 

Interest in welding fittings has grown 
to such an extent that a permanent 
new section of the committee under the 
chairmanship of J. J. Kanter has been 
appointed on this subject and is ac- 
tively at work. : 

After a particularly intensive period 
of work, the Section on Castings, also 
headed by Mr. Kanter, has developed 
proposed Tentative Specifications for 
Carbon-Steel Castings Suitable for Fu- 
sion Welding for Service at Tempera- 
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ures up to 850F." and _ proposed 
Tentative Specifications for Alloy-Steel 
Castings Suitable for Fusion Welding 
for Service at Temperatures from 750.to 
1100 F.° which are being recommended 
for publication as tentative. There 
has been a very persistent demand for 
standardized requirements which should 
be met by the new specifications. At 
the same time two new grades of alloy 
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General.—Action is being taken simul- 
taneously with Committee A-2 on 
Wrought Iron, jointly responsible for | 
the Standard Specifications for Iron | 
and Steel Chain (A 56 - 30), to recom- 
mend the adoption as standard of the 
existing tentative revisions. 


This report has been submitted to a 
letter ballot of the committee which con- 


sists of 226 members; 156 members 
returned their ballots, all of whom 
have voted affirmatively. 


steels of the 2 to 3 per cent chromium 
type as detailed in the Appendix are 
recommended for adoption in the Speci- 
fications for Alloy-Steel Castings for 
Valves, Flanges and Fittings for Service 
at Temperatures from 750 to 1100 F. 
A 157 - 36). 


Respectfully submitted on behalf of 
the committee, 
N. L. MOcHEL, 
Chairman. 


H. P. BIcLer, 


i These specifications were accepted as tentative by 
Secretary. 


he Society and appear in the 1939 Book of A.S.T. 


andards, Part I. 


EDITORIAL NOTE 
Subsequent to the annual meeting Committee A-1 presented the recom- 
mendations listed below to the Society on August 24, 1939, through Com- 
mittee E-10 on Standards all of which were accepted. The new specifica- 
tions were assigned the A.S.T.M. serial designations indicated. These 
new and revised tentative specifications and tentative revisions of standards 
are published in the 1939 Book of A.S.T.M. Standards, Part I. 
New Tentative Specifications for: a 
Manganese-Vanadium Steel Plates for Boilers and Other Pressure Vessels — 
(A 225 — 39 T), 
Electric-Resistance-Welded Steel Boiler and Superheater Tubes for High-— 
Pressure Service (A 226 — 39 T), 
Hard-Drawn Steel Spring Wire (A 227 — 39 T), 
Steel Music Spring Wire (A 228 — 39 T), 
Oil-Tempered Steel Spring Wire (A 229 — 39 T), 
Carbon-Steel Valve Spring Quality Wire (A 230 — 39 T), 
Chromium-Vanadium Steel Spring Wire (A 231-39 T), and 
Chromium-Vanadium Steel Valve Spring Quality Wire (A 232 - 39 T). 


Proposed Revision of Tentative Specifications for: 


Alloy-Steel Bolting Materials for High-Temperature Service from 750 to 1100 F.» _ 
Metal Temperatures (A 193 - 37 T), 


Seamless Carbon-Molybdenum Alloy-Steel Pipe for Service at Temperatures — 
from 750 to 1000 F. (A 206 — 38 T), and 

Alloy-Steel Castings Suitable for Fusion Welding for Service at Temperatures — 
from 750 to 1100 F. (A 217 - 39 T). 


Proposed Tentative Revision of Standard Specifications for: 


Carbon-Steel and Alloy-Steel Forgings (A 18 — 30), in form of Tentative Speci- 
fications for Carbon-Steel Forgings (A 18 - 39 T), and 


-siaeataitatnea Steel and Open-Hearth Iron Boiler Tubes (A 178 
~ 37). 


Withdrawal of Standard: 
Specifications for Marine Boiler Steel Plates (A 114 — 33). 
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APPENDIX 


PROPOSED REVISIONS IN STANDARDS FOR STEEL 
In this Appendix are given proposed cussed the general practice to be fol § “1% 
revisions in specifications covering steel lowed in bringing tables of permissible 
and steel products as referred to earlier variations in many of the steel specif- 
in this report. In connection with each cations in line with latest practice. It 
title is given the reference to the publi- is desirable that the present tables be wi 
cation in which the specifications appear revised in accordance with the require- 
in their present form. ments which are given in the accon- 
anying Tables I to VIII. There also 
Revisions in Permissible Variations P 
appears a list of the A.S.T.M. specifica- ‘ 
Previously in this report’ there is dis- tions in which the respective tables or 3 
1 See p. 68. portions thereof will appear. - 
TABLE I.-PERMISSIBLE OVERWEIGHTS OF PLATES ORDERED TO THICKNESS. 
Permissible Excess in Average Weight of Lots for Widths Given, in., 
— in Percentage of Nominal Weights 
Specified Thickness, in. 
48 or |, Over | 60to | 72 to | 84 to | 96 to | 108 to 120 to 132 to | 144 to! 168 or 
under 48 to 60,) 72, 84, 96, | 108, | 120, | 132, 144, 168, | over 
excl. | excl. | excl. | excl. | excl. | excl. | excl. | excl. excl. a 
% to 6 7 8 9 | 10 12 4 | 6 | #19 
to 5 6 7 8 9 10 12 14 17 18 
% to 4.5 5 6 7 8 9 10 12 15 16 18 
% to 4 4.5 5 6 7 8 9 10 13 14 16 
3 to 3.5 | 4 6 7 8 9 i 
to 3 3.5 | 4 4.5| 5 6 7 
% to 2.5 3 3.5) 4 4.5 | 5 6 7 > 9; il 
1 to a8 |. 3 | 3.5] 4 | 4.5 5 6 | 7 8 9 


i pe {Permissible variations in weight for indiv idual pl: plates shall be one and one- e-third times the amounts prescribed 
in this table 


TABLE II.—PERMISSIBLE VARIATIONS OF PLATES ORDERED TO WEIGHT. 


Permissible Variations in Average Weight of Lots for Widths Given, in., 
Expressed in Percentage of Ordered Weights (Weight per Square Foot) 
Over | 60 to | 72 to | 84 to | 96 to | 108 to | 120 to | 132 to 144 to 
_ Specified Weight, 48 or | 48 to 60,| 72, | 84, | 96, | 108, 120, | 132, | 144, 168, | Over at th 
Ib. per sq.ft. under | “excl. | excl. | excl. | excl. | excl. | excl. | excl. | excl. — excl. nth 
7.65 to 10, exel............ |3 5.53 6 3 
| 3 4.53 3 (5.53 6 3 | 8 319 |3 
3 3.8 2.54 |S {3 'S.83 |6 '3 |7 13 
2.5 2.5) 3 2.$3.52.54 ‘4.53 3 | 5.53 | 6 | 3) 7 |3 10 3 
17.5 to 20, exel.......... 252 125 353 453 15 18 155 6 1318 | 
|2 12.5 2 2.92.53 2.53.52.54 '3 | 4.53 |5 |3/5.5 3,7 |3/8 
23 to encl........... j2 |2 | 2 2.52 2.52.53 253.53 |4 |3 145 3/5 3/65 3/73 
2 |2 |2 2 i2 12 (2.52 (2.52.53 ‘2.5 | 4 314.5 3/6 | 6.5 
40 to 81.6, incl.......... 2 2 2 j2 |2 |2 |2 {2.52 (2.52.5 3 3.5 3/4 |3|6 | 65 


Note. 7 Permissible variations in weight for individual plates shall be one and one-third times the amounts prescribed 
in this table. 
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PERMISSIBLE VARIATIONS OVER 


TABLE III. 


ORDERED OF PLATES OVER 


pecified Thickness, 
in. 


Qver 2to 3, excl... 


4, excl. 
sto 6, excl. 
6to 8, excl... 
8 to 10, excl. 


2 to 15, incl. . 


IN THICKNESS. 


Variations over Specified 


Thick- 
ness for Widths Given 
Up | 36 | 60 | 84 | 120] 43, 
to to to to to or 
36, | 60, | 84, | 120, | 132, | vee 
excl. excl.! excl.| excl excl.) 
% 1% | % | 
a | | | | 


E IV.—PERMISSIBLE VARIATIONS IN THE 
SIZE OF HOT-ROLLE D ROUNDS AND SQUARES. 


Specified Size, in. 


and under | 
ver incl. 
ver % to %, incl. 


%to %, incl. 
t %tol, incl. 
eri to 1, incl. 


er 1% to 114, incl. 
er 1% to 1%, incl. 
1% to 114, incl. 
er1%to2, incl. 
wer to 244, incl. 
wer 244 to 31%, incl. 


er 3% to 414, incl. 


er 414 to 544, incl... 


8, incl 


Note.—Out-of-ro 


Variations from | Que- -ofe 
Size, in. Round 
or 
Square, 
Over | Under in. 

0.005 | 0.005 | 0.008 

0.006 0.006 0.009 
Sota 0.007 | 0.007 0.010 
er 0.008 | 0.008 | 0.012 
0.009 0.009 0.013 

0.010 0.010 0.015 

0.011 | 0.011 0.016 
0.012 | 0.012 | 0.018 

0.014 0.014 0.021 
0.023 

lo 0 0.023 

% 0 0.035 

% 0 0.046 

| 0 0.058 

4% 0 0.070 
und is the difference between the 


maximum and minimum diameters of the bar, measured 


at th he same cross-section. 


Out-of-square is the difference 


he two dimensions at the same cross-section of a square 


ar 


‘ABLE V.—PERMESSIBLE VARIATIONS IN SIZE OF 


HEXAG ONS. 
| Variations from 
Specified Size Between — 
Opposite Sides, in. <= 
Over | Under 
0.007 | 0.007 
wer incl. 0.010 | 0.010 
Wer to 2, incl. 
3 to 21%, incl. % 
Wet 24 to 314, incl... 


| Differ- 
ence 3 
Meas- 
ure- 
ments, 
in. 


= 


TABLE VI.—PERMISSIBLE VARIATIONS IN 
WEIGHT, BAR-SIZE ANGLES, TEES, : 
ZE ES, AND CHANNELS. 


Specified Size, in. 


Variations from Weight, Over or 
Under, for Thicknesses Given 


TABLE VII.—PERMISSIBLE 


DIME NSIONS O OF FLAT 


Specified Width, 


in. 


| Thickness, Over or 
| Under, for Thick- 


nesses Given, in. 


1 and under 

Over 1 to 2, incl. 
Over 2 to 4, incl. 
Over 4 to 6, incl. 


Note.—The 


standard 


Y% to Over Over 
| 72 tol, 1 to 2, 
inch. | incl. 
| 9.008. 0.010) 


19.012 0.015) 
0.015 0.020) 


0.015, 6.020) 


classification of 


To %, incl Over % 
All dimensions to 7 
1}, incl 7 per cent 5 per cent 
Any dimension over 
6 per cent 4 per cent 


VARIATIONS IN 


Variations 
from Width, 
in. 
Over |Under 
1 1 
| Me 


flat hot- 


rolled steel products defines flat bars as not over 6 in. in 
width and not under '4 in. in thickness. 


TABLE VIII. 


PERMISSIBLE 


VARIATIONS _IN 


DIMENSIONS OF a FLAT SPRING 


Specified Widths 
Over-all, in. 


2 and under 
_ 2 to 4, incl. 
Over 4 to 6, incl. 
Over 6 to 8, incl. 


Variations from Thick- | Varia- 
ness, Over or Under, for ae 
Thicknesses Given, in. Width, 

7 ver ver or 

4 to 4 to 1,| Under, 
under | incl. incl. | in. 
0.008 0.012 

..| 0.010 | 0.012 
| 0.010 | 0.012 0.015 We 
0.012 | 0.015 | 0.020 % 
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LIST OF SPECIFICATIONS CONTAINING TABLES OF PERMISSIBLE VARIATIONS 


TABLES 
Specifications for Structural Nickel Steel (A 8 38)... eee I, 
Specifications for Structural Rivet Steel (A 141 ee IV 
Specifications for Steel for Bridges (A 7 — I, Il, 
Specifications for Steel for Buildings (A 9 I, I, 
Specifications for Mild Steel Plates (A 10 - 34). I, I, 
Specifications for Structural Steel for Locomotives and Cars (A 113 - 33)........... I, I, IV 
V, VI, Vil 

Specifications for Structural Silicon Steel (A 94 - I 
Specifications for Steel Plates of Structural Quality for Forge Welding (A 78 - 33).... I, II 
Tent. Specifications for High-Strength Structural Rivet Steel (A 195 - 36T)...... IV 
Tent. Specifications for Low-Carbon-Nickel Steel Plates for Boilers and Other Pressure 

Specifications for Marine Boiler Steel Plates (A 114- 33)........................ ne 
Specifications for Carbon-Steel Bars for Railway Springs (A 14- 27)................ IV, VIII 
Specifications for Silico-Manganese-Steel Bars for Railway Springs (A 59 - 27)........ IV, VIII 
Specifications for Chromium-Vanadium-Steel Bars for Railway Springs (A 60 - 27).... IV, VIII 


Specifications for Carbon-Steel Bars for Railway Springs with Special Silicon Require 

Specifications for Boiler and Firebox Steel for Locomotives (A 30 - 38).............. I 
Specifications for High Tensile Strength Carbon-Silicon-Steel Plates for Boilers and 

Other Pressure Vessels (Plates 2 in. and Under in Thickness (A 149 - 38)........ I 
Specifications for High Tensile Strength Carbon-Silicon-Steel Plates for Boilers and 

Other Pressure Vessels (Plates over 2 to 4} in., Inclusive, in Thickness (A 150 — 38). III 
Specifications for Carbon-Silicon-Steel Plates of Ordinary Tensile Ranges for Fusion- 

Welded Boilers and Other Pressure Vessels (A 201 - 38)....................... 
Specifications for Chrome-Manganese-Silicon (CMS) Alloy-Steel Plates for Boilers and 


Specifications for Molybdenum-Steel Plates for Boilers and Other Pressure Vessels 

Specifications for Structural Steel for Ships (A 131 - 36).............00.000.0000005. I, Il, < 

V, VI, 

Specifications for Boiler Rivet Steel and Rivets (A 31 - 36)..................0..... IV 
SP TO 96) for Carbon-Steel Plates for Stationary Boilers and Other Pressure Vessels . 

Specifications for Open-Hearth Iron Plates of Flange Quality (A 129 - 33)........... I 
Specifications for Steel Plates of Flange and Firebox Qualities for Forge Welding (A 89 ;, 

Specifications for Commercial Quality Hot-Rolled Bar Steels (A 107 — 36)............ IV, V, VII 


Specifications for Electric-Fusion-Welded Steel Pipe for High-Temperature and High- 
Pressure Service (A 155 — 36) I 


Revisions of Teitative Standards 


Tentative Specifications for Heat- 
Treated Carbon- and Alloy-Steel 
‘Track Bolts (A 183 — 36 


Section 3 (b).—Change from its present 


for Testing Materials. 


form: namely, 


Designation: A 107) of the American Society 


Section 9.—Change from its present 


form: namely, 


(6) The steel for the nuts shall conform to the 
commercial quality of hot-rolled nut bar steel, 
and shall have a carbon range of from 0.15 to 
0.25 per cent for open-hearth steel, 0.08 to 0.16 
per cent for bessemer steel. __ 


to read as follows: 


(5) The steel for the nuts shall conform to 
the resulfurized nut stock grade Nos. 26 and 27 
of the Standard Specifications for Commercial 
Quality Hot-Rolled Bar Steels (A.S.T.M. 


2 Proceedings, Vol. 36, Part I (1936); also 1938 Book of 
AS.T.M. Tentative Standards. 


9. The threads of the nut shall not “strip” 
when the bolt, with nut fully mounted, is tested 
in tension to its yield point, the load being 
applied to the head of the bolt and the bearing 
side of the nut. 


to read as follows: 


9. The threads of the nut shall not “strip” 
when the bolt, with nut fully mounted, is tested 
in tension to the minimum yield point specified 
in Section 6 (a) based upon the circular area 
calculated from the nominal root diameter 


(basic minor diameter) of the bolt. _ 


Sec 
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Tentative Specifications for High- 
Strength Structural Rivet Steel 
(A 195 — 36 T)? 


Section 7 (a).—In the tabulation. of 
tensile properties change the tensile 
strength range from ‘70,000 to 85,000 
psi.” to read ‘68,000 to 82,000 psi.” 


Tentative Specifications for Normal- 
ized Quenched-and-Tempered Alloy- 
Steel Forgings (A 63 — 38 T):* 

Section 12.—Delete this section on 
proof tests, renumbering the following 
sections accordingly. 

Appendix.—Delete this appendix, 
which gives supplementary information 
relative to proof tests. 


Tentative Specifications for Seamless 
Steel Boiler Tubes for High-Pressure 
Service (A 192 — 38 T) :* 

Section 17.—As an editorial revision, 
change from its present form: namely, 


17. The name or brand of the manufacturer, 
the words Seamless Steel, A.S.T.M. Specifica- 
tion A 192 — 38 T, the hydrostatic test pressure 
in pounds per square inch, and whether hot 
fnished or cold drawn, shall be legibly stenciled 

n each tube. 


to read as follows: 


17. (a) The name or brand of the manufac- 
turer, the words Seamless Steel, A.S.T.M. Spec- 
ification A 192 —- 39 T, together with the hydro- 
static test pressure in pounds per square inch, 
and whether hot finished or cold drawn, shall 
be legibly stenciled on each tube 1} in. in out- 
side diameter and over, provided the length is 
not under 3 ft. 

(b) On tubes less than 1} in. in diameter and 
nall tubes under 3 ft. in length, the information 
prescribed in Paragraph (a) shall be marked on 
i lag securely attached to the bundle or box in 

hich the tubes are shipped. 


Tentative Specifications for Seamless 
Carbon-Molybdenum Alloy-Steel Pipe 
for Service at Temperatures from 
750 to 1000 F. (A 206 — 38 T) :3 


Section 3—Add a new paragraph 


designated as Paragraph (d) to read as 
follows: 


* Proceedings, Vol. 38, Part I (1938); also 1938 Book of 
AST.M, Tentative Standards. 
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(d) The steel melting practice shall be such 
as will produce a ferritic grain size in the finished 
pipe corresponding to an A.S.T.M. grain size 
of 3 to 6 under the following conditions: (/) in 
hot-finished pipe in the as-finished condition; (2) 
in bends and other fabricated parts which are 
heated and possibly water-quenched, if subse- 
quently annealed at 1700 F. and slow-cooled in 
the furnace at a rate not to exceed 50F. per 
hour until below 1000 F. 


Section 5.—Change from its present 
form: namely, 


5. The finished pipe shall be furnished in the 
normalized and drawn condition unless other- 
wise specified in the purchase order. 


to read as follows: 


5. The hot-rolled pipe after finishing shall 
be given a stress-relief anneal by heating in a 
furnace to approximately 1200 F. followed by 
furnace cooling at a rate not to exceed 50 F. per 
hour until below 1000 F. 


Supplementary Requirements.—Add a 
Paragraph (b) to Section $5 to read as 
follows, relettering the present section 
as Paragraph (a): 


(b) The ferritic grain size of the steel in each 
piece of pipe, as shown in a photomicrograph, 
shall not be coarser than No. 3, nor finer than 
No. 6 grain size, in accordance with the Tenta- 
tive Grain Size Chart for Classification of Steels 
(E 19 - 38 T) of the American Society for Test- 
ing Materials. 


A ppendix.—In the table, add in the 
appropriate places the following four 
pipe sizes, with their schedule numbers 
and thicknesses: 


Service up to 


Service up to 


1400 psi. at 900 psi. at 
950 F. 900 F. 
Nominal Thick- Thick- 
Pipe Size, Schedule ness, Schedule ness, 
in. No. in. No. in. 
160 0.187 160 0.187 
160 0.250 160 0.250 
| ae 160 0.343 160 0.343 
Beatewainien 160 0.437 160 0.437 


Tentative Specifications for One-Wear 
and Two-Wear Wrought Steel Wheels 
(A 186 — 36 T):? 


Section 9 (p).—Change from its pres- 
ent form: namely, 


(p) Depression of Hub.—The depression of 
the hub below the front face of the rim shall not 
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be less, but may be } in. more, than that speci- posed foreign matter, or a distinctly bright or ( 
y brig Stan 
fied, based on specified rim width, | fine-grained structure, the top rail represented Ste 
shall be classed as an “X-Rayl.” 
to read as follows: . Sp 
36 
(p) Depression of Hub.—The distance from Standard Specifications for Carbon- ; 
the vertical reference line to the front face of Steel Bars for Railway Springs Tt 
the hub shall not be more but may be } in. less (A 14~— 27):4 speci 
than that specified. he 
Title-—Change the title of these word 
Tentative Revision of Standard specifications by the omission of the a 
A yt 
Standard Specifications for Boiler “Railway 
and Firebox Steel for Locomotives Section 1. Change the first sentence A 
(A 30 — 38):! of this section to read as follows by bon-s 
the addition of the italicized word and 
Section J.—In the table of chemical the omission of the word in brackets: ~_ 
composition add a requirement for sah Stan 
incidental copper content for firebox These specifications cover two grades of W 
check of 0.25 mes. oor cont hot-rolled carbon-steel bars to be used for the 
-P manufacture of [railway] springs, determined 
Revisions of Standards, Immediate by the carbon ranges specified in Section 3. 5 
Adoption Section 3.—In the table of chemical ent 
Standard Specifications for Open- Composition change the requirement for y 
Hearth Carbon-Steel Rails (A 36) :° for both grades A and whee 
we. ‘ rom “0.50 max. per cent” to rea jourt 
Section 10,—Change Paragraph (a) “0.25 to 0.50 per cent.” the 
to read as follows by the addition of the f tl 
italicized words and the omission of Standard Specifications for  Silico- mort 
those in brackets: Manganese-Steel Bars for Railway - 
(a) Elongation.—One of the three test speci- Springs (A 59 — 27) :° lor 
mens shall be given a sufficient number of blows Title—Change the title of these | 
to determine, for information only, the ex- h of the 
hausted ductility, reported inch by inch over S5P€C! the omission 0 
the entire 6 in. [gage length] gaged. No duc- word “Railway. dist 
tility readings shall be taken between blows. Section 1.—Change to read as follows ri 
Change Paragraph (6) from its present by the addition of the italicized word be | 
eee and the omission of the word in brackets: 
orm: namely, Sta 
1. These specifications cover hot-rolled silico- 
d manganese-steel bars to be used for the manu- 
fracture of each specimen shall be examined facture of [railway] springs. je 
and if the fracture on any test specimen exhibits Standard Specifications for Chromium- . 
seams, laminations, cavities, interposed foreign 4 P f Railwa me 
matter, or a distinctly bright or fine-grained Vanadium-Steel Bars for Railway str 
structure, all top rails represented shall be classi- Springs (A 60 — 27):° | 
Title——Change the title of these M 
to read as follows: specifications by the omission of the rh 
(b) Interior Condition.—A test piece repre- word ‘Railway ‘ad as follows 
senting the top end of the top rail of each ingot Section 1. “Change to SERS 85 OS 4 
of each heat rolled, which has passed the drop by the addition of the italicized wor 
test requirements of Section 9, shall be nicked and the omission of the word in brackets: pr 
and broken. If the fracture on any test speci- 


1. These specifications cover ee = 
y ium- jum-steel bars to be used for the 
#1938 Suoplement to Book of A.S.T.M. Standards. mium-vanadium-stee 


_ 6 1936 Book of A.S.T.M. Standards, Part I. _ manufacture of [railway] springs. 7 


men exhibits seams, laminations, cavities, inter- 
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Standard Specifications for Carbon- 
Steel Bars for Railway Springs with 
Special Silicon Requirements (A 68 — 
36) :° 


Title--Change the title of these 
specifications by the omission of the 
word “Railway.” 

Section 1.—Change to read as follows 
y the addition of the italicized words: 


1. These specifications cover hot-rolled car- 
yon-steel bars with special silicon requirements 
to be used for the manufacture of railway and 
general pur pose springs. 


Standard Specifications for Multiple- 
Wear Wrought Steel Wheels 
(A 57 — 36):° 


Section 8 (p).-Change from its pres- 
ent form: namely, 


(p) Depression of Hub.—For car and tender 
wheels and wheels of similar design, with 
journal-box bearing on front face of the hub, 
the depression of the hub below the front face 
of the rim shall not be less but may be } in. 
more than that specified, based on specified rim 
width, 
to read as follows: 7 


(p) Depression of Hub.—¥or car and tender 
wheels and wheels of similar design with journal- 
box located at the front face of the hub, the 
distance from the vertical reference line to the 
front face of the hub shall not be more but may 
¢} in. less than that specified. 


Standard Specifications for Boiler Rivet 
Steel and Rivets (A 31 36):° 


Section 2.—In the table of chemical 
composition add the following require- 
ments for a new grade of high-tensile 
strength boiler rivet steel: 


Carbon, max., per 
Phosphorus, max., percent.............. 0.04 
Sullur, max., per cent.................. 0.05 


Section 5.—In the table of tensile 
Properties add the following require- 


q 
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ments for a new grade of high-tensile 
strength boiler rivet steel: 


Tensile strength, psi.......... 58 000 to 68 000 
Yield point, min., psi......... 0.5 tens. str. 
but in no case less than... . 32 000 
Elongation in 8 in., min., per 
1 500 000 
tens. str. 
but in no case less than.... 23 


Standard Specifications for Open- 
Hearth Iron Plates of Flange Quality 
(A 129 — 33):5 


Section 13.—Delete Paragraphs (0), 
(c), and (d) covering match-marking 
from this section. 


Standard Specifications for Steel Plates 
of Flange and Firebox Qualities for 
Forge Welding (A 89 - 33):° 


Section 14.-,Delete Paragraphs (0), 
(c), and (d) covering mat¢h-marking 
from this section. 


Standard Specifications for Carbon- 
Silicon-Steel Plates of Ordinary Ten- 
sile Ranges for Fusion-Welded Boilers 
and Other Pressure Vessels (A 201 — 
38) 


Section 9.—Change ‘he table giving 
diameter of pin ¢ <= which the speci- 
men is bent to pr — : that for material 
“over 4 to 6 in., iu the pin diameter 
for Grade A shall be ‘'23?” instead of 
“2t,” and for Grade B, “3?” instead of 
“231,” where ¢ is the thickness of speci- 
men. 


Standard Specifications for Alloy-Steel 
Bolting Material for High-Tempera- 
ture Service (A 96 — 33): 


Section 13.—Add a new Paragraph (a) 
to read as follows, relettering the subse- 
quent paragraphs accordingly: 

(a) For bars, one tension test shall be made 
from each tempering charge. If more than one 


heat treatment charge is represented in a tem- 
pering charge, one tension test shall be made 
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from each heat treatment charge. If more than 
one melt is represented in a heat treatment 
charge, one tension test shall be made from each 
melt. 


Change the relettered Paragraphs (6), 
(c) and (e) to read as follows by the 
addition of the italicized materia] and 
the omission of that in brackets (no 
change in Paragraph (d)): 


(b) Except as specified in Paragraph (c) 
one tension test shall be made for each lot of 
300 [100] pieces or fraction thereof of bolis, 
screws, and studs for sizes up to and including 
24 in. in diameter; or for each lot of 100 pieces or 
fraction thereof for sizes over 24 in. [bolting ma- 
terial from each tempering charge. If more 
than one quenching charge is represented in a 
tempering charge, one tension test shall be 
made from each lot of 100 pieces or fraction 
thereof from each quenching charge. If more 
than one melt is represented in a quenching 
charge, one tension test shall be made from 
each lot of 100 pieces or fraction thereof from 
each melt.] 

(c) Unless required on the order, tension 
tests shall not be made on an order of less 
quantily than specified in Paragraph (b) [than 
100 bolts, screws or studs]; in which case ac- 
ceptance shall be based upon the provisions in 
Section 2 or 3. 

(e) If the percentage of elongation of any 
tension test specimen is less than that specified 
in Section 10 (a) and any part of the fracture is 
more than 3/4 in. from the center {outside of the 
middle three-fourths] of the gage length, as 
indicated by scribe scratches marked on the 
specimen before testing, a retest shall be allowed. 


Standard Specifications for Alloy-Steel 
Castings for Valves, Flanges, and 
Fittings for Service at Temperatures 
from 750 to 1100 F. (A 157 — 36):° 


Section 1 (b).—Change the first sen- 
tence to read as follows by the addition 
of the italicized words and the omission 
of the words in brackets: 


[Eight] Ten grades of materials are included, 
[six] eight ferritic steels and two austenitic steels 
designated C 1, C 2, etc., which are classified 
in accordance with their chemical and physical 
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Section 2.—Change the first sentence 
to read as follows by the addition of the 
italicized symbols: 

Steels C1, C2, C 3a, C 3b, C 4, C5, and 


C 11 shall be made by the open-hearth, crucible, 
or electric-furnace process. 


Section 3 (b).—Change to read as 
follows by the addition of the italicized 
symbols: 


(b) The ferritic steels C1, C2, C 3a, C 3b, 
C 4, C 5, C 6, and C 11 may be fully annealed, 
or fully annealed and drawn, or normalized and 
drawn, or annealed and normalized and drawn, 
or normalized and annealed. 


*Section 5.—To the table of chemical 
composition add the following require- 
ments for the new grades designated as 
C 3a and C 3b: 


Grade C 3a Grade C 3b 

Carbon, max., per 

per cent........ 0.35 0.35 
Manganese, max, 

1.00 1.00 
Phosphorus, 

max., per cent. 0.05 0.05 
Sulfur, max., per 

kis 0.06 0.06 
Silicon, per cent. . 0.50 max. 0.75 to 1.25 
Chromium, per 

1.50to 2.25 1.50 to 2.25 
Molybdenum, per 

0.45 to 0.65 0.45 to 0.65 


Section 8 (a).—In the tabulation of 
tensile properties, add the following re- 
quirements for the new grades desig- 
nated as C 3a and C 3b: 


Grades 

C 3a and C 3b 

Tensile strength, min., psi............ 100 000 

65 000 
Elongation in 2 in., min., per cent..... 18 
Reduction of area, min., per cent..... 30 


Standard Specifications for Forged or 
Rolled Steel Pipe Flanges for High- 
Temperature Service (A 105 ~ 36):° 


Section 6 (a).—In the table of chem- 
ical requirements change the manganese 
content for classes I and II from “0.40 
to 0.80 per cent” to read “0.90 max. 


properties as specified in Sections 5 and 8. cent.” 
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Standard Specifications for Forged or 
Rolled Alloy-Steel Pipe Flanges, 
Forged Fittings, and Valves and Parts 
for Service at Temperatures from 
750 to 1100 F. (A 182 — 36):5 


Section 11 (a).—In the tabulation of 
tensile properties change the require- 
ments for Grade F 8 to read as follows 
by the addition of the italicized figures 
and the omission of those in brackets: 
Tensile strength, min., psi... . . [80 000] 75 000 
Yield point, min., psi [40 000} 30 000 


Elongation in 2 in., min., per 
[35] 45 


Standard Specifications for Lap-Welded 
and Seamless Steel Pipe for High- 
Temperature Service (A 106-—36):5 


Section 2 (a).—Change to read as 
follows by the addition of the italicized 
words and the omission of those in 
brackets: 


(a) The steel for lap-welded pipe shall be of 
good weldable quality made by the open-hearth 
process. [The steel for] Ali seamless pipe [may] 
shall be made of killed steel by either or both of 
the following processes: open-hearth or electric- 
furnace. 
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No meeting of the Sectional Com- 
mittee on Standardization of Dimen- 
sions and Materials of Wrought-Iron and 
Wrought-Steel Pipe and Tubing was held 
during the past year. However, revi- 
sion of the American Tentative Standard 
for Wrought-Iron and Wrought-Steel 
Pipe (A.S.A. B36.10 — 1935) which was 
initiated in 1937 was consummated in 
1938 by correspondence. The revised 
standard was transmitted on January 
27, 1939, to the American Standards 
Association for approval as American 
standard. 

The changes and additions to the pro- 
posed American standard consist of the 
following: 

1. The advancement of the American 
tentative standard to the status of 
American standard; 

2. The addition to the list of specifi- 
cations included in Table 1 (Part 1) of 
the A.S.T.M. Standard Specifications for 
Electric-Fusion-Welded Steel Pipe for 
High-Temperature and High-Pressure 
Service (A.S.T.M. A 155 — 36); 

3. A reaffirmation of the vote to in- 
clude in Table 1 (Part 1) the A.S.T.M. 
Standard Specifications for Welded 
Wrought-Iron Pipe (A.S.T.M. A72- 
38); 

4. The inclusion as information as 
additions to Table 1 (Part 2) of the list- 
ing of the A.S.T.M. Specifications for 
Seamless Carbon-Molybdenum Alloy- 
Steel Pipe for Service at Temperatures 


+ 
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STANDARDIZATION OF DIMENSIONS AND MATERIALS OF 
_ WROUGHT-IRON AND WROUGHT-STEEL PIPE AND TUBING 


A.S.A. Project: B36 


from 750 to 1000 F. (A.S.T.M. A 206- 
38 T), and for Seamless Alloy-Steel Pipe 
for Service at Temperatures from 750 to 
1100 F. (A.S.T.M. A 158 — 38 T). Since 
these two specifications together with 
A.P.I. Specifications 5 — L are not Amer- 
ican standards, a change was made in 
the heading of Table 1 (Part 2) to denote 
this fact; 

5. Revision of the second note under 
Tables 2 and 4 to read: 


The decimal thicknesses listed for the respec- 
tive pipe sizes represent their nominal or average 
wall dimensions. For tolerances on wall thick- 
nesses, see appropriate material specification. 


6. Addition of a parenthetical clause 
“(see Introductory Notes, Section 8)” 
to the last footnote in Tables 2, 3, 4, 
and 5; 

7. Addition of a footnote to Tables 2 
and 4, respectively, to make provision 
for the temporary use of two pipe thick- 
nesses of the old “standard weight” and 
“extra strong” series, as follows: 


Table 2: Owing to a necessary departure from 
the old “‘standard-weight” and “extra-strong’ 
thicknesses in these two sizes, the new thick- 
nesses are not as yet stocked by all manufac 
turers and jobbers. Hence, where agreeable to 
the purchaser and suitable for the service condi- 
tions, the old “standard-weight” 0.375-in. wall 
pipe corresponding to a 1000 P/S value of 37.7 
is still available and can be substituted for the 
0.406-in. wall pipe, and the old “extra-strong 
0.500-in. wall pipe corresponding to a 1000 P/S 
value of 55 can be substituted for the 0.562-in. 
wall pipe. 
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Table 4: Owing to a necessary departure from 
the old “standard-weight” and “extra-strong” 
thicknesses in these two sizes, the new thick- 
nesses are not as yet stocked by all manufac- 
turers and jobbers. Hence, where agreeable to 
the purchaser and suitable for the service con- 
ditions, the old “standard-weight” 0.382-in. wall 
pipe corresponding to a 1000 P/S value of 38.7 
is still available and can be substituted for the 
0414-in. wall pipe, and the old “extra-strong” 
(510-in. wall pipe corresponding to a 1000 P/S 
yalue of 56.3 can be substituted for the 0.574-in. 
wall pipe. 

Items 1, 2,4, and 5 were submitted to 
letter ballot of the committee which con- 
sists of 41 members; 41 members re- 
tuned their ballots, all of whom voted 
afirmatively. The remaining items were 
considered editorial changes and were 
not referred to letter ballot vote. The 
revised draft has been approved by the 
AS.A.with the designation B36.10-1939. 

Two A.S.T.M. specifications for pip- 
ing material were submitted to the mem- 
bers of the sectional committee for ap- 
proval and presentation to the American 
Standards Association. One of these 
was the Standard Specifications for 
Welded Wrought-Iron Pipe (A 72 — 38) 
on which the vote in the committee 
resulted as follows: Of a membership of 
41, 39 members returned their ballots, 
of whom 35 voted affirmatively, 0 nega- 
tively, and 4 members marked their 
vallots “not voting.” An earlier edition 
of these specifications (A 72 -33) was 
approved by the A.S.A. and was listed 
in Table 1 (Part 1) of American Tenta- 
live Standard B36.10 — 1935. The pres- 
‘at revision was accordingly presented 
to the sectional committee and approved 
or transmission to the A.S.A., and ap- 
proved by the A.S.A. with the designa- 
tion B36.2-1939, 

The other A.S.T.M. specifications pre- 
‘ented were the Standard Specifications 
‘or Electric-Fusion-Welded Steel Pipe 
‘ot High-Temperature and High-Pres- 
sure Service (A 155 - 36) on which the 
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vote was as follows: Of a membership of 
41, 39 members returned their ballots, 
of whom 34 voted affirmatively, 1 nega- 
tively, and 4 members marked thei 
ballots “not voting.” This specifica- 
tion was approved by the A.S.A. as an 
American standard with the designation 
B36.11-1939. 

The committee recommended in par- 
ticular that as soon as the Tentative 
Specifications for Carbon-Molybdenum 
Alloy-Steel Pipe (A.S.T.M. A 206- 
38 T) were adopted by the A.S.T.M., 
they should be submitted for approval 
as American standard. 

With advancement of the B36 Pipe 
Standard from the tentative status to 
that of an American standard, the 
committee plans to advocate more wide- 
spread adoption of the standard by 
industry through publication in trade 
magazines of several articles explain- 
ing its purpose and advantages, par- 
ticularly to jobbers and the heating 
and plumbing trades which are users 
of large quantities of pipe. The offi- 
cers of the committee prepared an 
article entitled ‘“‘Use the New American 
Pipe Standard” which was published in 
a trade journal in October, 1938, follow- 
ing which 1000 reprint copies were dis- 
tributed to industry. Further coopera- 
tion of the A.S.M.E., the A.S.T.M., the 
A.S.A., and other organizations, to- 
gether with a concerted effort by their 
individual members, is solicited in ac- 
quainting the trade with the merits and 
desirability of employing the B36 Pipe 
Standard in ordering wrought-iron and 
wrought-steel pipe. 


Respectfully submitted on behalf of 
the committee, 
H. H. MorGan, 
Chairman. 
SABIN CROCKER, 
Secretary. 
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REPORT OF COMMITTEE A-2 IM. 
Tl 
ON 
WROUGHT IRON on 
- Committee A-2 on Wrought Iron has line with the Tentative Specifications for pies 
held one meeting since the 1938 annual Wrought-Iron Rivets and Rivet Rounds Bf. 
(A 152 — 37 T), the elongation requirements Societ 
of which were arrived at after considerable furthe 
. 1939, in Columbus, Ohio. ; research, it is recommended that footnote tions 
It is with regret that the committee “a” to the table be changed to read as follows 
records the death on July 30, 1938, of by the addition of the italicized words and Standa 
_ J. B. Young, Engineer of Tests of the the omission of those in brackets: Ir 
Page ’ ® Bars [not exceeding j in. in diameter or by $ 
Reading Co., who served as secretary thickness] from } to } in. in diameter will be 
of Committee A-2 from 1912 to 1924, accepted if the elongation in 8 in. is not less 
and as chairman from 1936 to 1938. than 25 per cent for Grade A [and] or 22 
James Aston has been elected chair- per cent for Grade B material. Bars no! 
exceeding in. in diameter will be accepted if 
man of Subcommittee VII on Nomen- the elongation in 8 in. is not less than 22 per 
clature and Definitions, and E. B. cent for Grade A and for Grade B material. 
ory aS Chairman o ubcommittee nsert a footnote reference “‘c” aiter the ten- 
Story h f Sub ttee I I f f “c” after th 
on Tubes and Pipe. The resignation of sile strength requirements in the third — See 
O. W. Hovis, Engineer of Materials and - the table for both grades A and B inca, te = 
Tes Hich ootnote to read as follows: fe 
ests ol the Lennessee Highway Vepar ¢ When the cross-sectional area exceeds 12 sq. Spee. fc 
ment, has been recorded. in., the allowable minimum tensile strength shall 
g III. 
be 45,000 psi. Spee. fi 
I. REVISION OF TENTATIVE STANDARD of 
II. ADOPTION OF TENTATIVE STANDARDS 
The committee recommends the fol- Spec. f 
lowing revision, proposed by Subcom- 
mittee II, in the Tentative Specifications The committee recommends that the § **‘ 
for Single and Double Refined Wrought following tentative specifications be ap- Che 
Iron Bars (A 189 — 37 T):! proved for reference to letter ballot of pen 
soci j rd: 

Section 5 (a).— Due to the fact that in the the Society for adoption as standa ‘a 
heading of the second column of the table Tentative Specifications for: mit 
of tensile properties the present wording cha 
does not include 1§-in. bars, it is recommended Wrought-Iron Plates (A 42 - 37 T); proposed s 
that the heading of this column be changed to by Subcommittee IV on Plates, Shapes, and 
read as follows by the omission of the word and Sheets (James Aston, chairman), (A 


in brackets: Lap-Welded and Seamless Steel and Lap- 

Round, Square, and Hexagonal Bars [over] Welded Iron Boiler Tubes (A 83 - 38 T); che 
1j in. and up to but not including 2} in. in joint recommendation with Committee 
Diameter or Thickness. 


A-1 on Steel,* spe 

In order to bring these specifications in 
———- 2 Proceedings, Am. Soc. Testing Mats., Vol. 38, Part”, 

p. 531, 611 (1938); also 1938 Book of A.S.T.M. Tentative cha 

1 Proceedings, Am. Soc. Testing Mats., Vol. 37, Part I, tandards, pp. 66, 234. , ; til sim- sta 

pp. 649, 653, 659 (1937) ; also 1938 Book of A.S.T.M. Tenta- 3 These specifications will remain tentative — ¥ 

tive Standards, pp. 219, 223, 229. ilar action is taken by Committee A-1 on Steel.—Eb. ' 
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Wrought-Iron Rivets and Rivet Rounds 
(A 152 - 37 T),} proposed by Subcommittee 
II on Wrought Iron Bars (J. Porter Gil- 
lespie, chairman), and 

Wrought-Iron Shapes and Bars (A 207 - 
38 T),? proposed by Subcommittee IV. 


[J]. ADOPTION AS STANDARD OF TENTA- 
TIVE REVISIONS OF STANDARDS 


The committee recommends that the 
tentative revisions‘ published in 1937 
of the following specifications be ap- 
proved for reference to letter ballot of the 
Society for adoption as standard, with a 
further revision in one of the specifica- 
tions as indicated below: 


Siandard Specifications for: 
Iron and Steel Chain (A 56 — 30), proposed 

by Subcommittee V on Chain Iron and Iron 


TABLE I. —ANALYSIS OF 


On Wrovucut [Ron 


Uncoated Wrought-Iron Sheets (A 162 — 36; 
A.S.A. G23-1937), proposed by Subcommittee © 
IV (James Aston, chairman), 

Zinc-Coated (Galvanized) Wrought-Iron 
Sheets (A 163 — 36; A.S.A. G8.8-1937), pro- 
posed by Subcommittee IV, and by Sub- | 
committee XI on Galvanizing of Pipes and _ 
Sheets (James Aston, chairman), and 

Wrought-Iron Rolled or Forged Blooms © 
and Forgings (A 73 — 36), proposed by Sub- 
committee VI on Wrought-Iron Blooms and > 
Forgings (Thomas Jameson, chairman) with | 
the following further revision: 

Section 2 (a).—Add a sentence at the end 
of this section to read as follows: 

In the final piling, all bars shall be of the 
full length of the pile; the original muck bars 
shall be piled, rolled or forged, repiled, and 
rerolled or reforged. 


The recommendations appearing in 
this report have been submitted to letter 


LETTER BALLOT VOTE. _ 


Ballots 

Items Affirmative | Negative a 

Voting” 

I. REVISION OF TENTATIVE STANDARD 
Spec. for Single and Double Refined Wrought-Iron Bars (A 189 - 37 T)......... 43 0 0 
II. ApopTION OF TENTATIVE STANDARDS AS STANDARD 
Spec. for Lap-Welded and Seamless Steel aaa Lap-Welded Iron Boiler Tubes 
Spec. for Wrought-Iron Rivets and Rivet Rounds (A 152 - 37 _ ESERIES peas 39 1 3 
Spec. for Rolled Wrought-Iron Shapes and Bars (A 207 - 38 T)...............-. 38 0 5 
III. ADopTion AS STANDARD OF — REVISIONS OF STANDARDS 
Spee for Welded Wrought-Iron Pipe (A 72 - A. 33 0 10 
yee. for Staybolt Wrought Iron, Solid (A 84 - 36)......... 37 1 5 
ee for Staybolt Wrought Iron, Hollow Rolled °% 86 - 36). awe 36 0 7 
spec. for Uncoated Wrought- Iron Sheets (A 162 - 36; A.S.A. G23- 1937). RV ESrE 31 0 12 
spec. for Zinc-Coated (Galvanized) Wrought-Iron Sheets (A 163 - 36; A.S.A. 

Spec. for Wrought- Iron Rolled or Forged Blooms and Forgings (A 73 - 36).. 34 0 9 


Chain (E. L. Johnson, chairman), joint recom- 
mendation with Committee A-1 on Steel, 
Welded Wrought-Iron Pipe (A 72 — 38; 
AS.A. B36.2-1939), proposed by Subcom- 
mittee I on Tubes and Pipe (E. B. Story, 
n), 
Staybolt Wrought Iron, Solid (A 84 — 36), 
and Staybolt Wrought Iron, Hollow Rolled 
A 86 - 36), proposed by Subcommittee II 
m Wrought Iron Bars (J. Porter Gillespie, 
chairman), except that the present rolling 
tolerances will be retained in these two 
specifications without change until such time 
’% the Association of American Railroads 
changes the tolerances in its specifications for 
iialts, inasmuch as the A.S.T.M. and 
AAR, specifications are now in agreement 
with respect to rolling tolerances, 


pat Am. Soc. Testing Mats., Vol. 38, Part I, 


to 1317, incl. (1938); also 1938 Book of A.S.T 
‘tative Standards, Pp. 1680 to 1683, incl. 


ballot of the committee which consists 
of 57 members; 43 members returned 
their ballots, with the results shown in 
Table I. 


This report has been submitted to let- 
ter ballot of the committee which con- 
sists of 57 members; 47 members re- 
turned their ballots, all of whom have 
voted affirmatively. 


Respectfully submitted on behalf of 
the committee, 


C. B. Bryant, 
Chairman. 


W. C. MASTERS, 
Secretary. 
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COMMITTEE A-3 


ON 
CAST IRON 


« Since the 1938 annual meeting of the 
Society, Committee A-3 on Cast Iron 
has held one meeting, in Columbus, 
Ohio, on March 9, 1939. The second 
= will be held in June during the 
annual meeting of the Society. 

The present membership of the com- 
mittee is 109, of which 30 are classified 
as producers, 44 as consumers, and 35 
as general interest members. 

Subcommittee IV on Car Wheels 

(F. K. Vial, chairman) is considering a 
_ change in wheel design but does not 
have definite recommendations to make 
at this time for revision of the Tentative 
Specifications for Chilled-Tread Cast- 
Iron Wheels (A 46 - 30 T). 

Subcommittee VI on General Castings 
(J. W. Bolton, chairman) has proposed 
the withdrawal of the Standard Specifi- 
cations for the Arbitration Test Bar and 
Tension Test Specimen for Cast Iron 
(A 124-29). This subcommittee has 
under consideration a revision of the 
Standard Specifications for Gray-Iron 
Castings (A 48 — 36) which will provide 
a requirement for breaking load in the 
transverse test for class No. 60 castings 
(60,000 psi. minimum tensile strength) 
using transverse test bar C, 2 in. in 
diameter when tested on 24-in. supports. 

Subcommittee XIX on Chilled and 
White Iron Castings (Johannes Erler, 
chairman) is giving consideration to the 
type of test specimens to be used for 
this class of iron. 

Subcommittee XX on Soil Pipe 
(Walker Reynolds, chairman) has in 
preparation revised specifications for 
cast-iron soil pipe and fittings which are 


intended to replace the present Standard 
Specifications for Cast-Iron Soil Pipe 
and Fittings (A 74-29). It is expected 
that the revised specifications, which 
are in general accordance with and 
complementary to the American Stand- 
ard A40.1-1935, will be acted on by 
Committee A-3 at its meeting during 
this annual meeting and submitted to 
the Society for publication as tentative 
through Committee E-10 on Standards 
later in the year.! 


WITHDRAWAL OF STANDARD 


The committee recommends the with- 
drawal of the Standard Specifications 
for the Arbitration Test Bar and Ten- 
sion Test Specimen for Cast Iron 
(A 124 — 29),? as proposed by Subcom- 
mittee VI. This recommendation has 
been submitted to letter ballot of the 
committee which consists of 109 mem- 
bers; 76 members returned their ballots, 
of whom 70 voted affirmatively, 1 
negatively, and 5 members marked 
their ballots voting.” 


This report has been submitted to 
letter ballot of the committee which 
consists of 109 members; 78 members 
returned their ballots, of whom 74 have 
voted affirmatively and 0 negatively. 


Respectfully submitted on behalf of 
the committee, 
W. H. ROTHER, 
Chairman. 


1 See Editorial Note 


. 93. 
2 1936 Book of ASEM. Standards, Part I, p. 489. 


H. C. AUFDERHAAR, 


Secretary. 
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EDITORIAL NOTE 
Subsequent to the annual meeting Committee A-3 on Cast Iron presented 
to the Society through Committee E-10 on Standards the following recom- 
mendations: 
Proposed Tentative Specifications for: 
Cast Iron Pit-Cast Pipe for Water or Other Liquids, to replace immedi- 
ately the Standard Specifications for Cast Iron Pipe and Special 
Castings (A 44 - 04), and 
Cast Iron Soil Pipe and Fittings, to replace immediately the Standard 
Specifications for Cast Iron Soil Pipe and Fittings (A 74-29). 
These recommendations were accepted by Committee E-10 on August 
24, 1939, and the new tentative specifications appear in the 1939 Book of 
A.S.T.M. Standards, Part I. 
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Committee A-5 on Corrosion of Iron 
and Steel has held two meetings during 
the past year: one on June 29, 1938, 
during the annual meeting of the 
Society in Atlantic City, N. J., and 
the other on March 8, 1939, at the 
spring group meetings of A.S.T.M. com- 
mittees in Columbus, Ohio. 

Since the last report, 4 new members 
have been elected, 3 members have 
resigned, and 4 members have died; 
the committee membership now totals 
123, of whom 54 are classified as pro- 
ducers, 44 as consumers, and 25 as 
general interest members. 


I. New TENTATIVE STANDARDS 


The committee recommends that the 
_ following new specifications and methods 
_ be accepted for publication as tentative: 


_ Tentative Specifications for Zinc-Coated Steel 
Wire Strand (Class B and Class C Coatings),! 
on the recommendation of Subcommittee 
VI on Specifications for Metallic-Coated 
Products (T. R. Galloway, chairman). 
These specifications cover strand with heavier 
coatings than those called for in the Stand- 
ard Specifications for Zinc-Coated (Galva- 
nized) Iron or Steel Wire Strand (Cable) 
(A 122 - 33). Three wire strand and a fifth 
strength classification called “utilities grade” 
have been included in the new specifica- 
tions. 

Tentative Methods of Test for Local Thick- 
ness of Electrodeposited Coatings on Steel,? 
on the recommendation of Subcommittee 
VII on Methods of Testing (R. W. Baker, 
chairman). These methods include a mi- 
croscopic method for determining the thick- 


1 These specifications were accepted as tentative by the 
Society and appear in the 1939 Book of A.S.T.M. Stand- 
ards, Part I. 
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ness of zinc, cadmium, copper, and nickel 
coatings on steel, and a hydrochloric acid 
spot test method for determining the thick. 
ness of chromium coatings. They will sup- 
ply a method for determining compliance 
with the coating thickness requirements of 
the Tentative Specifications for Electro- 
deposited Coatings of Zinc on Steel 
(A 164-35 T), Cadmium on Steel (A 165- 
35 T), and Nickel and Chromium on Steel 
(A 166 — 35 T) for which there has been no 
A.S.T.M. method available. The new 
methods represent a great amount of research 
work by the National Bureau of Standards 
and members of this committee. 


II. REVISIONS OF TENTATIVE 
STANDARDS 


The committee recommends that the 
three tentative . specifications _ listed 
below be revised on the recommendation 
of Subcommittees VI and VII and con- 
tinued as tentative. The revisions in- 
clude new material on sampling methods 
and on the acceptance and rejection of 
material as a result of test, reference to 
the new Tentative Methods of Test 
for Local Thickness of Electrode 
posited Coatings on Steel,’ and in the 
case of the third specification, a change 
in the thickness requirement for chro- 
mium from average to minimum. In 
the three specifications the microscopic 
method is recommended for determining 
the thickness of zinc, cadmium, copper, 
and nickel coatings, and the hydro- 
chloric acid spot test method is recom- 
mended for determining the thickness of 
chromium coatings. The specifications 


2These methods were accepted as tentative by the 
Society and appear in the 1939 Book of A.S.T.M. Stand 
ards, Part I. 
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in their revised form are presented here- 
with:! 
Tentative Specifications for: 
Electrodeposited Coatings of Zinc on Steel 
(A 164 - 35 T),? 
Electrodeposited Coatings of Cadmium on 
Steel (A 165 — 35 T),? and 


Electrodeposited Coatings of Nickel and 
Chromium on Steel (A 166 — 35 T).* 


III. REVISIONS OF STANDARDS 


Qn the recommendation of Sub- 
committee VII the committee recom- 
mends for immediate adoption a revision 
{the Standard Methods of Determining 
Weight and Uniformity of Coating on 
Zinc-Coated (Galvanized) Iron or Steel 
Articles (A 90 and accordingly 
asks for the necessary nine-tenths vote 
at the annual meeting in order that this 
revision may be referred to letter ballot 
of the Society. This revision, which is 
given in detail below, omits frorm the 
methods all reference to the Preece 
test as more up-to-date information 
has been incorporated in the Methods 
i Test for Uniformity of Coating by 
he Preece Test (Copper Sulfate Dip) 
n Zinc-Coated (Galvanized) Iron or 
steel Wire (A 191-38) and on Steel 
Castings and Forgings, Gray-Iron and 
Malleable-Iron Castings (A 208 — 38 T): 


Title—Change to read as follows by 
he omission of the words in brackets: 


Standard Methods of Determining Weight 
aid Uniformity] of Coating on Zinc-Coated 
Galvanized) Iron or Steel Articles. 


Appendix.— Omit the section on “Test 
' Uniformity of Coating on Zinc- 
ated Articles” together with the two 
footnotes pertaining to this section. 


Proceedings, Am. Soc. Testing Mats., Vol. 35, Part 
oat O84, 686 (1935); also 1938 Book of A.S.T.M. Ten- 
rguanda rds, pp. 211, 213, 215. 

Book of A.S.T.M. Standards, Part I, p. 397. 
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On the recommendation of Subcom- 
mittee VI the committee is presenting 
for publication as tentative a revision 
of the Standard Specifications for Zinc- 
Coated (Galvanized) Iron or Steel Wire | 
Strand (Cable) (A 122 -33)5 (A.S.A. 
G8.6-1935) in the form of new Tentative | 
Specifications for Zinc-Coated Steel Wire 
Strand (“‘Galvanized” and “Extra Galva-. 
nized”’)' which are intended to replace, 
when adopted, the present standard. 
Three wire strand and a fifth strength 
classification called “utilities grade” 


have been included in the new specifi- 
cations. 

IV. ApoptioN OF ‘TENTATIVE STAN- 

DARDS AS STANDARDS 

On the recommendation of Subcom- 


mittee VI the committee recommends 
that the following two tentative speci- 
fications be approved for reference to 
letter ballot of the Society for adoption 
as standard, without revision: 


Tentative Specifications for: 


Zinc-Coated (Galvanized) Iron or oo 
Farm-Field and Railroad Right-of-Way 
Wire Fencing (A 116-37 T),® to replace 
the present Standard Specifications 
A 116 - 30,7 and 

Zinc-Coated (Galvanized) Iron or Steel 
Barbed Wire (A 121-37 T),® to replace 


the present Standard coe 


A 121 - 30.7 
V. WITHDRAWAL OF STANDARDS 


On the recommendation of Subcom- 
mittee VII the committee recommends 
that the Standard Methods of Deter- 
mining Weight of Coating on Tin, Terne, 


51936 Book of A.S.T.M. Standards, Part I, p. 381. 

6 Proceedings, Am. Soc. Testing Mats., Vol. *sh Part 

I, pp. 646, 643 (1937); also 1938 Book of A.S.T.M. Tenta- 
tive Standards, pp. 198, 201. 

71936 Book of A.S.T.M. Standards, Part I, pp. 368 

362. 
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and Lead-Coated Sheets (A 91 — 24)® be 
withdrawn since these methods have 
become outmoded. 


_ The recommendations appearing in 
this report have been submitted to 
letter ballot of the committee which 
consists of 123 members; 72 members 
returned their ballots, with the results 
shown in Table I. 


On CORROSION OF 


IRON AND STEEL 


was found that sheets V6, V7, and Vj} 
had failed. A summary of the failures 
to date is given in the accompanying 
Table II. 

Subcommittee V on Total Immersion 
Tests (W. J. Jeffries, chairman).—The 
biennial inspection of the riveted test 
plates exposed to sea water at Ports. 
mouth, N. H., and Key West, Fla., was 
made and copper replicas prepared, 


TABLE I.—ANALYSIS OF LETTER BALLOT VOTE. 


Ballots 
_ Items Affirmative Negative Marked 
“Not Voting” 
I. New TENTATIVE STANDARDS 
EE for Zinc-Coated Steel Wire Strand, (Class B and Class C Coatings). 52 2 18 
thods of Test for Local Thickness of Electrodeposited Coatings on 
II. Revisions or TENTATIVE STANDARDS 
_ Spec. for Electrodeposited Coatings of Zinc on Steel (A 164-35 T)........ 52 0 20 
Spec. for Electrodeposited Coatings of Cadmium on Steel (A 165-35 T).. 46 0 26 
Spec. for Spuposeperties Coatings of Nickel and Chromium on Steel 
III. Revisions or STANDARDS 
Methods of Determining Weight and Uniformity of Coating on Zinc- 
Coated (Galvanized) Iron or Steel Articles (A 90-33), immediate 
64 2 6 
Spec. for Zine-Coated Iron or Steel Wire Strand (Cable) 
IV. Apoption or TENTATIVE STANDARDS AS STANDARD 
Spec. for Zinc-Coated (Galvanized) Iron or Steel Farm-Field and Railroad 
Right-of-Way Wire Fencing (A 116 - 37 T)......................0005.. 56 0 16 
Zinc-Coated (Galvanized) Iron or Steel Barbed Wire (A 121 - 
V. WITHDRAWAL oF STANDARD 
Methods of of Coating on Tin, Terne and Lead- 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee III on Inspection of 
Annapolis Tests (E. S. Taylerson, chair- 
man).—The specimens of No. 22 gage 
copper-bearing and non-copper-bearing 
corrugated black sheets that have been 
exposed at Annapolis, Md., since Octo- 
ber 17, 1916, were inspected on May 2 
and on October 10, 1938. At the May 
inspection it was found that seven sheets 
had failed, namely, B1, C5, C26, HS, 
T4, T7, and T14. On October 10 it 


"81936 $1936 Book of A.S.T.M, Standards, Part I, p. 404. 


Photographs have been made of the 
plates for study vy the subcommittee. 
All of the No. 16 gage sheet steel 
specimens immersed in sea water at 
Portsmouth and Key West have now 
failed. In view of this fact, the copper 
and non-copper-bearing steel tubes and 
the copper-bearing tubes assembled in 
crates, which were exposed to sea water 
in the same locations, have been removed 
from the tests and forwarded to the 
chairman for examination. The subcom- 
mittee expects to submit next year 
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complete tables on the failures of the 
sheet specimens with an analysis of the 
data obtained. 

Subcomittee VI on Specifications for 
Metallic-Coated Products (T. R. Gallo- 
way, chairman).—The activities of this 
subcommittee, with regard to specifica- 
tions, are covered generally by the 
recommendations affecting standards 
shown earlier in this report. The other 
tentative and standard specifications 
sponsored by this subcommittee will be 
continued in their present status for 
another year. The proposed revision of 
the Standard Specifications for Gal- 
vanized Line Wire (A 111 - 33) and for 
Galvanized Tie Wire (A 112-33) to 
cover heavier coatings on telephone and 
telegraph line and tie wires will probably 
be abandoned because of lack of demand 
for such a revision. A study is being 
made of the Tentative Specifications for 
Zinc Coating on Hardware and Fasten- 
ings (A 153 - 33 T) to determine whether 
to continue this as a single specification 
or to divide it into several specifications. 
The subgroup studying the need for re- 
vision of the Specifications for Chain- 
Link Fence Fabric (A 117 - 33) is not 
yet ready to report. 

Subcommittee VII on Methods of 
Testing (R. W. Baker, Chairman).—The 
activities of this subcommittee with re- 
gard to specifications are covered gen- 
erally by the recommendations affecting 
standards given earlier in this report. It 
has been decided to appoint a subgroup 
to study the desirability of embodying 
in one document the present material on 
the Preece test included in the Methods 
of Test for Uniformity of Coating by the 
Preece Test (Copper Sulfate Dip) on 
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Zinc-Coated (Galvanized) Iron or Stee! 
Wire (A 191 - 38) and on Steel Castings 
and Forgings, Gray-Iron and Malleable 
Iron Castings (A 208 - 38 T), and to in. 
clude methods for making the Preece 
test for uniformity of zinc coating on 
such other materials as bolts, nuts, and 
screws not now specifically covered by 
any A.S.T.M. specifications. If the re- 
port is favorable, this group will proceed 
to prepare such test methods. 

Subcommittee VIII on Field Test of 
Metallic Coatings (R. F. Passano, chair- 
man).—This subcommittee has con- 
tinued its inspections in the field of the 
atmospheric exposure tests under way on 
galvanized sheets, metallic-coated hard- 
ware, structural shapes and_ tubular 
goods, and wire and wire products. It 
does not appear necessary to publish 
this year a report on any of the tests 
under way except the work of the Wire 
Test Inspection Group. The referee test 
data and the test results on the first 
specimens removed from the test racks 
and returned for tests have now become 
available. This material is so volumi- 
nous that it has been appended hereto 
in a separate report. 


This report has been submitted to 
letter ballot of the committee which con- 
sists of 123 members; 72 members 
returned their ballots, of whom 67 have 
voted affirmatively and 0 negatively. 


Respectfully submitted on behalf of 
the committee, 


W. H. FINKELDEY, 
Chairman. 


T. R. GALLoway, 
Secretary. 
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REPORT OF SUBCOMMITTEE VIII ON FIELD TESTS OF - 


METALLIC COATINGS 


At the time Subcommittee VIII on 
Field Tests of Metallic Coatings was or- 
ganized, opinions were expressed that 
the protection given by a coating at any 
location depended on (1) the kind of 
coating, (2) the method by which the 
cating was applied, (3) the weight of 
coating, and (4) the shape of the base 
attice which the coating was to protect. 
There was little, if any, information on 
the relative importance of these several 
points. These subjects of investigation 
for the subcommittee were divided into 
three projects for convenience in 
execution. 

The first exposure made by the sub- 
committee in 1926 was designed to pro- 
duce information concerning weight of 
coating (item 3 above) on one shape of 
base article, corrugated sheets. In this, 
Subcommittee VIII was following the 
previous work which Committee A-5 had 
done on uncoated steel sheets through 
its Subcommittee ITI. 

In 1929, a set of miscellaneous shapes 
was exposed, with coatings of aluminum, 
admium, lead, and zinc. 

Where possible, the shapes were 
ated by various methods. This ex- 
posure (usually referred to briefly as the 
Hardware Test) was intended to produce 
formation on items 1, 2, and 4 above, 
tamely, kind of coating, method by 
which the coating was applied, and 
‘tape of the article which carried the 
‘ating. It is unfortunate that in a 
program so varied, the weights of coat- 
mg could not be as_ systematically 
planned and precisely determined as 


appears desirable. 


Progress reports on the sheet and 
hardware tests have been made by the 
inspection sub-subcommittees annually. 
Their observations, summarized to a 
certain extent, may be found in the 
reports of this subcommittee for 1936 
and 1938. The inspection groups have 
continued their observations at regular 
intervals. Since change of condition on 
their samples is now relatively slow, 
their work does not require that detail 
be set forth in this report. 

In 1936, Subcommittee VIII com- 
pleted the outdoor placement of a very 
comprehensive group of samples of wire 
and wire products. The majority of the 
specimens are pieces of straight wire, 
but there is also included a planned col- 
lection of specimens of farm field fence, 
barbed wire, chain link fence, and strand. 
The test involves about 1000 specimens 
at each of eleven locations. 

The test is planned primarily for the 
evaluation of zinc coatings. The speci- 
mens include coatings of this metal 
applied by all of the several processes 
known to have been commercially avail- 
able at the time the test was started. 
The program provides for determining 
the rate of loss of zinc coatings on 
different sizes of wire (weight loss speci- 
mens), and intercomparing the life of 
heavy gage wires carrying light zinc 
coatings with that of light gage wires 
carrying heavy zinc coatings. The 
forthcoming results will also compare the 
life of these zinc-coated wires with 
copper covered wire, lead-coated wire, 
and uncoated corrosion-resistant steel 
products. The life of the wire and wire 
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products is determined partly by visual 
inspection to note incidence of rust and 
partly by tensile strength tests of 
samples removed periodically after rust- 
ing has started. 

The wire test is probably the best and 
most comprehensively planned of any 
of the projects thus far undertaken by 
Subcommittee VIII. Nearly all of the 
samples under test are very completely 
characterized by micrographs, physical 
tests, chemical analyses of the base 
metal, and in the case of zinc coatings by 
chemical analyses of the coatings. The 
eleven locations at which test specimens 
are exposed are widely separated geo- 
graphically, and range from very severe 
to very mild exposure. 

It was considered necessary in this 
particular wire exposure test to test 
types of material. Since it was intended 
that the identity of the samples as to 
source be lost, it was necessary that a 
number of detailed determinations be 
made on the wire samples. This de- 
tailed information on properties and 
composition is given in the accompany- 
ing report and is really more significant 
than if they were identified primarily by 
their brand names. 

The 1937 report of Subcommittee 
VIII set forth the plan of the wire test 
in some detail, and the current report is 
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‘ 


devoted largely to the identification of 
the specimens in the test. This is fol- 
lowed by a brief summary of the observa- 
tions which have been made to date. 

It would be impossible to acknowledge 
the contributions of everyone who has 
had a hand in this large undertaking, 
The work has been directed successively 
by Mr. F. F. Farnsworth, Mr. H. E. 
Smith, Mr. W. H. Finkeldey, and Mr. 
C. D. Hocker. This supervision would 
have gone for naught if it had not been 
for the cooperation of wire producers 
and the agricultural colleges. To these 
persons the subcommittee expresses its 
gratitude. The effort which has been 
put into this project is expected to pro- 
duce more extensive information than is 
available anywhere else. 


This report of Subcommittee VIII has 
been submitted to the members of the 
subcommittee for letter ballot. The 
subcommittee consists of 51 members, 
30 members returned their ballots, of 
whom 25 have voted affirmatively, and 
0 negatively. 


Respectfully submitted on behalf of 
the subcommittee, 


R. F. PASSANO, 
Chairman. 
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REPORT ON ORIGINAL CHARACTERISTICS OF WIRE AND WIRE 
PRODUCTS INVOLVED IN FIELD EXPOSURE TESTS 


REFEREE TESTS MADE UNDER THE SUPERVISION OF THE NATIONAL BUREAU 
OF STANDARDS 


This section constitutes the final report of the Wire Test Committee and con- 
tains a record of the physical and chemical properties of wire and wire product 
gecimens submitted to the committee by the suppliers, together with the methods 
employed in determining their characteristics. 

In characterizing the test materials, the cooperation of the National Bureau of 
Standards was made possible through the considerable efforts of Dr. L. J. Briggs, 
Director, and Dr. H. S. Rawdon, Chief of the Division of Metallurgy. The testing 
work was done by Messrs. Thurston D. Brown and Alfred L. Finn, Research Asso- 
iates. The methods employed for determining the original characteristics of the 
test specimens were selected or developed by the research associates and agreed to 
y a section of the Wire Test Committee on Test Methods, comprising F. M. 
Crapo, C. C. Crane, W. H. Finkeldey (chairman), F. C. Elder, C. A. Kellogg, and 
L. H. Winkler. 

It is with sincere appreciation that the committee acknowledges the tremendous 
assistance given to it during this stage of the program by the National Bureau of 
Standards. While the salaries of the research associates were taken from com- 
mittee funds, all of the supervision, laboratory facilities, supplies, and storage 
space required at the Bureau for this phase of the work were furnished gratis to 


There follows an index of the specimens, indicating the tables, either Table I, 
Table II, or Table III, in which the data are presented for the various types of 
ireexposed. Unfabricated wire, barbed wire specimens and farm field fence wire 
are covered in Table I, as indicated. Wire strand specimens are covered in Table II 
and chain link fence specimens in Table ITI. 
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INDEX OF SPECIMENS 
__-Unfabricated Wire Specimens 


Wire Lot Table | Wire Lot Table Wire Lot Table | WireLot Table Wire Lot Table | Wire Lot Table 
No.001 I-N | No.101  I-M No. 200 I-M No. 300 I-M No. 400 I-M | No. 501 LM 
No. 002 No. 102. I-M No. 202 i-M No. 302 I-M No. 401 I-M No. 506 LL 
No. 003 I-N | No.105 I-M | No.205 I-L No. 305 I-L No. 405 I-L | No.507. LL 
No. 004 I-N | No.106 No. 206 I-L No. 306 I-L No. 406 I-L | No.510 LA 
No.005 I-N | No.115  I-B No. 215 I-B No. 315 I-B | No.410 I-A | No.Sil_ LA 
No.006 I-N | No.117 I-B No. 216 I-B | No.316 I-B | No.411 I-A | No.512. FA MICE 
No.007 I-N | No.125 I-D | No.217. I-B No. 317 I-B No. 412 I-A | No.520 
No. 008 I-N | No.127. I-D | No. 225 I-D No. 325 I-D | No.421 I-C | No.521 L¢ ] 
No.009 I-N | No. 135 I-F No. 226 I-D | No.326 I-D | No.422 I-C | No.522 
No.015 I-N | No. 138 I-I No. 227. I-D | No.327 I-D | No.423 I-C | No.530 LE 
| No. 139 No. 228 I-D | No.329 I-D | No.430 I-E | No.531 LE 
| No. 148 I-H No. 235 I-F No. 335 I-F No. 431 I-E No. 540 LG 
No. 149 I-H No. 236 I-F No. 336 I-F No. 432 I-E No. 541 IG 
No.151 | No. 237. I-F No. 337. 0.440 I-G | No.542 LG 
LP | No. 238 | No.338 I-F | No.441 IG | No.343 LG Pal 
I-P | No. 239 I-F No. 345 I-H | No.442 I-G | No.551 LJ wre 
No. 245 I-H | No.346 | No.443 I-G | No.552 LJ 
No. 246 I-H No. 347.‘ I-H No. 444 I-G ende 
No. 247. I-H | No.348 I-H | No.450 LJ “ 
No. 040 No. 248 I-H | No. 350 No. 451 ‘I-J ft 
1 No. 042 No. No. 352. I-J No. 800 L-I speci! 
No. 043 I-0 No. 252. I-J No. 397 I-K No. 801 
No. 282. I-C 25 
No. 298 I-K 
No. 299 I-K 
Barbed Wire Specimens 


vel 
| Barbed Wire Table Wire Lot Barbed Wire Table Wire Lot Barbed Wire Table Wire Lot " 
No. 025 I-P No. 021 No. 422 Lc No. 421 No. 445 I- corr’ 
No. 045 I-O No. 042 No. 430 I-E No. 431 No. 446 I-G — 
No. 431 I-E No. 430 No. 447 I-J pas Tabl 
No. 410 I-A No. 410 No. 432 I-E No. 432 No. 450 I-J ait 
No. 411 I-A sehr No. 441 L-G No. 442 No. 451 LJ No. 451 and 
No. 412 I-A No. 412 No. 442 I-G No. 441 No. 452 I- No. 450 
No. 420 I-C No. 423 No. 443 I-G No. 443 No. 494 I- aes pec 
No. 421 I-C E 
Farm Field Fence | Specimens® cate 
Feace | T-B Wires vart 
(1) Fence | (1) Fence (1) Fence in Fence 
Table (2) Int. Table (3) | (2) Int. Table | (2) Int. Table Table (3) T-B 
No. 205° I-L No. 305 I-L No. 206 | No. 405 I-L No. 505 LL I-L 306 
No. 206 I-L | No.306 I-L No.207 | No.406 IL | No.506 LL I-L 305 in 
No. 215 I-B No. 315 I-B No. 215 | No. 410 I-A No. 510 I-A I-B No. 316 
No. 216 I-B No. 316 I-B No. 216 | No. 411 I-A No. 511 I-A I-B No. 317 
No. 225 I-D No. 317 1-B No. 217 | No. 412 I-A | No. 512 I-A I-B No. 315 
No.227. No. 325 I-D No. 228 | No. 421 LC No. 520 I-D —No. 325 jar 
5 No. 228 I-D No. 326 I-D No. 226 No. 422 I-C No. 521 I-C I-D No. 329 f 
No. 235 I-F No. 327 I-D No, 225 No. 423 I-C No. 522 I-C I-D No. 327 ve 
q No. 236 I-F No. 335 I-F No. 237 No. 430 I-E No. 530 1-E I-F No. 338 an 
No. 237 I-F No. 336 I-F No. 238 No. 431 I-E No. 531 I-E I-F No. 335 
No. 238 I-F No. 337 I-F No. 235 | No. 432 L-E No. 532 I-E I-F No. 337 sup 
No.245 IH | No. 338 I-F No. 236 | No.433 LE No. 540 I-H 348 
No. 246 I-H No. 345 I-H No. 247 | No. 440 I-G No. 541 I-G I-H No. 345 of | 
No. 247 I-H No. 346 I-H No. 245 No. 441 1-G No. 542 I-G I-H No. 346 
q No. 248 I-H No. 347 I-H No. 246 No. 442 I-G No. 543 I-G I-H No. 347 )) 
( No. 252 I- No. 348 I-H No. 248 | No. 443 I-G : a 
No. 298 I- No. 350 I-J No. 252 No. 001 I-N I-N No. 001 d 
ies il No. 352 ry No. 251 | No. 002 I-N I-N No. 002 
No. 397 I- No. 298 No. 003 I-N ys sone 
No. 020° I-P I-P No. 022 
No. 040° 1-O 1-0 No. 041 


Wire strand specimens: All in in Table Il. 
Chain link fence specimens: All in Table III. —_—— 
6 2 Abbreviations: int. = interior line and stay wires. 
= top and bottom line wires. fas to 
» All 200 series fences have the same wire in all parts of the fence. All 300 series fences have 200 series wires for a4 
and bottom line wires whose detailed characteristics are reported in the same table as the Int. wires. All 400 seri 
fences have Ly and bottom line wires not represented in other test specimens and not reported in the detailed ana yes 
- 500 series fences have 300 series wires for top and bottom line wires whose characteristics are reported in the ta 
shown. 
. © The interior wires of these two fences are Nos. 021 and 041, respectively. 
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\ICROGRAPHS AND CHARACTERISTICS OF SPECIMENS OF UNFAB- 
RICATED WIRE, FARM FIELD FENCE, AND BARBED WIRE 


(Arranged in a Series of Tables, I-A to I-P) 


Table I-A shows the data on speci- 
mens which were furnished with in- 
tended coatings of 0.20 to 0.30 oz. per 
y. ft. of zinc coating; Table I-B covers 
specimens with intended coatings of 
25 to 0.35 oz. per sq. ft.; each of Tables 
I-C to I-K covers a particular intended 
ainc-coating range; Tables I-L and I-M 

wer uncoated mild steel wire speci- 
mens; Table I-N shows data on uncoated 
corrosion-resistant steel wire specimens; 

Tables I-O and I-P cover lead-coated 
und copper-covered wire specimens, re- 
spectively. 

Each table includes data on unfabri- 

ated wire, farm fence, and usually on 

arbed wire. Each table has the fol- 
wing features: 

a) The first columns show wire lot 
tumbers. Wire from a given lot may 
te under test in specimens of fence, or 
tarbed wire, or unfabricated wire. 
Every supplier submitting samples of 
lam fence or barbed wire for test was 
supposed to submit a coil (or coils) 
{unfabricated wire identified as being 
tom the same lots of wire as the lots 
hat had been used in the fabrication of 

fence and barbed wire samples. This 

rangement was adhered to by sup- 
lers in nearly all cases, but there may 
¢a few exceptions—cases in which the 
eigineer of tests asked for supplementary 

‘amples of unfabricated wire and has 

celved material known to be similar 

ut probably not identical. In Tables 

‘A to I-P, it is assumed that there are 


no exceptions to the intended arrange- 
ment. Every wire lot is indicated as 
being under test as intended and as 
listed in the tabulations alongside the 
photographs. 

(b) A typical table, as I-A, lists 6 
wire lot numbers (Nos. 510, 511, 512, 
410, 411, and 412). These comprise all 
of the wire lots in the test which were 
furnished with an intended weight of 
zinc coating in the range of 0.20 to 
0.30 oz. per sq. ft. All of the data from 
laboratory tests of these six wire lots 
are listed in Table I-A. 

(c) Each of Tables I-A to I-K is 
divided into two parts. The first part 
tabulates the results of tension tests, 
and chemical analyses of the base metals 
and of the coatings. 

The second part lists the photomicro- 
graphs, and alongside of them lists all 
of the test information that might have a 
relation to the appearance of the photo- 
graph (weight of coating, Preece test, 
coating thickness variation as deter- 
mined by microexamination, wrap test 
performance, and iron content of the 
coating.) 

(d) The wire lot numbering system 
means the following: If a wire lot is, 
for example, No. 512, wire from this 
lot was used in unfabricated wire speci- 
men B-512 which is under test; wire 
from this same lot was used for the 
interior line and stay wires of farm 
fence A-512. (The A and B prefixes 
are usually dropped in this report.) 
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(e) All test results were obtained on 
samples cut from coils of unfabricated 
wire except where specifically identified 
as having a farm field fence or barbed 
wire specimen origin. 

(f) The wrap test performances re- 
ported in the tables as “checks,” 
“cracks,” “flaked,” and “peeled” are 
illustrated by typical photographs fol- 
lowing Table ITI. 

(g) Every individual coating weight 
test result and Preece test result is listed 
and is identified with the origin of the 
sample tested, that is, whether the 
sample tested was cut from a coil of 
unfabricated wire, or from the interior 
or top or bottom line wire of a particular 
fence, or from a barbed wire specimen. 

(hk) Tables I-A to I-M (those covering 
zinc-coated or uncoated mild steel speci- 
mens) report analyses of the base metals 
for 7 elements. Analyses were also 
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made for nickel and for molybdenum, 
but the results are not reported becayy 
they show no significant differences T 
among the samples. The molybdenuy 
contents were in all cases less than 0,0) 
per cent; the nickel contents were jp 
all cases less than 0.10 per cent. 
Tables I-A to I-K (those covering 
zinc-coated specimens) report analyses 
of the coatings for 4 elements. Analy. 
ses were also made for tin, but the results 
are not reported because they show nm 
significant differences among the san- 
ples; all had a tin content less than 
0.01 per cent. 
(i) Scale of photomicrographs: 


Reduced in 
Reproduction 


Original 
Specimens Magnification 
All sine conted 
All corrosion- 
resistant steel.......... 
All lead coated .......... 
All copper covered 
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CHARACTERISTICS OF WIRE IN FILLD Exposure TEST 105 


Jenum, 
erences TABLE I- A.—ZINC COATED SPECIMENS: 0.20 TO 0.30 OZ. PER SQ.FT. NOMINAL COATING. 
denum 
in 
ere in 


Tensile Strength, 
psi. Figured for 
Vire 


Chemical Analyses of Chemical Analyses of Base Metal, 
Coatings, per cent per cent 


Breaking 

Load, Ib 

Elongation 
in 10 in., 
per cent 


Coated Stripped 


1.8 111 100 113 600 43 -O15 -026 
20.5 64000 65800 N.D. N.D. 5 .52 -O1; .021 
19.1 71000 73 300 N.D. 3 035 
470 18.0 61000 62700 od N.D. -039 
630 6.0 | 84200; 85400, N.D. N.D. : -023, 0.029 
(Barbed Wire): Coating, 0.24 ¥ ..D. .039 

oz. Zn per sq.ft. Preece dips* 
withstood: 2 


wow 
Sos 


). = not detected —that is, less than about 0.01 per cent. 


Determinations 
In Exposure Test as: , Preece 
| Coating Dips* 
duced in Weights Withstood 


yroduction 


Unfabricated sample No. 510 | 0.29, 0.29 | 2, 1, 2, 3, 2 
Interior of fence No. 510 0.29 


Avg. 0.29 


Coating thickness, in.: Min. 0.00031, Max. 0.0005 
Wrap test performance, good 
Iron content of coating, 8.7 per cent 


Wire lot No. 510; Gage, 14.5 
Coating weight, 0.29 oz. per sq.ft. 


Unfabricated sample No. 511 | 0.24, 0.24 
Interior of fence No. 511 0.23 


Avg. 0.24 


Coating thickness, in.: Min. 0.00031, Max. 0.00044 
Wrap test performance, good 
Iron content of coating, 9.2 per cent 


Wire lot No. 511; Gage, 14.5 
Coating weight, 0.24 oz. per sq.ft. 


"See note at the end of Table I - K. 


4 
overing 0.13, 0.24) 0.03 
1! 0.07, 0.23) 0.04 
nalyses 0.18 0.23) 0.02 
Analy- 0.18} 0.22) 0.02 
y $11 0.15) 0.22) 0.03 
0.11) 0.24) 0.03 
results 0.18, 0.22) 0.02— 
sam- 
inal size 
; 
4 
4 
Pup 


TABLE I - A.—ZINC COATED SPECIMENS.—Cont. 


Determinations 


| Coating Preece 
Weights 


In Exposure Test as: 


Unfabricated sample No. 512 0.27, 0.27. 2, 2, 2,2,2 
Interior of fence No. 512 0.27 3,44 33 
Avg. 0.27 


Coating thickness, in.: Min. 0.00025, Max. 0.00075 * 
Wrap test performance, good 
Iron content of coating, 6.4 per cent 


Unfabricated sample No. 410 | 0.25, 0.24 | 0, 2, 2 
Interior of fence No. 410 0.38, 0.39 | 2, 2,2 
Barbed wire No. 410 0. 3,33 


Avg. 0.30 


Coating thickness, in.: Min. 0.00025, Max. 0.0005 
Wrap test performance, good 
Iron content of coating, 6.5 per cent 

— 


Wire lot No. 410; Gage, 12.5 
Coating weight, 0.30 oz. per sq.ft. 


Unfabricated sample No. 411 | 0.29, 0.28 | 3, 3, 3, 3,3 
Interior of fence No. 411 0.28 3, 4,3 


Avg. 0.28 


Coating thickness, in.: Min. 0.00031, Max. 0.00063 
Wrap test performance, good a 
Iron content of coating, 6.9 per cent 


Wire lot No. 411; Gage, 12.5 
Coating weight, 0.28 oz. per sq.ft. 


* See note at the end of Table I - K. 


| 
- | 
A 
/ 
i S 
Wire lot No. 512; Gage, 14.5 P 
1! 
ONS EAE i 
ee, 
NI 
\ 
> 4 | 
| 
| 


_ CHARACTERISTICS OF WIRE IN FIELD ExposuRE TEST 107 7 


TABLEI-A. —ZINC COATED SPECIMENS.—Cont. 


Determinations 


In Exposure Test as: | 
Coating | Theecs 


lons Weights Withstood 
reece Unfabricated sample No. 412 | 0.31, 0.30 
Dips* Interior of fence No. 412 0.30 
thstood Barbed wire No. 412 0.27 
RET | Avg. 0.29 
3, 3,3 
Coating thickness, in.: Min. 0.00025, Max. 0.0005 
Wrap test performance, good 
= Iron content of coating, 7.8 per cent 
075 
Wire lot No. 412; Gage, 12.5 
Coating weight, 0.29 oz. per sq.ft. 
See note at the end of Table I - K. 
, 2, 2,2 TABLE I - B.—ZINC COATED SPECIMENS: 0.25 TO 0.35 OZ. PER SQ.FT. NOMINAL COATING. : 
2,2 
6 |8ée Tensile Strength, Chemical Analyses of Chemical Analyses of Base Metal, 
w= 2.66 psi. Figured for Coatings, per cent yer cent 
Wire Lot Wire BS, Z 
=” Coated Stripped Pb | Cd | Cu| Fe | C | Si | Cu Cr 
5 890 13.3 77 100 78 500 0.26 N.D. 0.14 5.7 0.13 0.47, 0.016 0.034 0.17 0.22, 0.02 
5 1110 8.2 98 400 100200 0.11 0.10 | 0.10 | 7.9 0.10 0.45 0.014 0.026 0.13 0.25 0.03 
780 14.5 68 900 71000) N.D. N.D. | 0.04 7.9 0.13 | 0.49 0.011 0.028 0.18 0.23) 0.02 
5 1200 14.7 70 800 72100, 0.31 0.12 | 0.13 | 4.8% | 0.12 0.43 0.016 0.034 0.18 0.21) 0.02 
216 1630 8.5 91 900 93 500 0.30 N.D. | 0.10 | 8.1 0.09 0.45) 0.015, 0.025 0.13 0.24) 0.03 
217 1080 10.8 63 000 63700 N.D. | N.D. | 0.05 7.1 0.09 0.42) 0.012) 0.028) 0.01 0.22 0.03 
115 2690 7.8 92 900 94200 0.41 0.08 | 0.06 | 8.3 0.10 0.45) 0.014) 0.023) 0.15 0.25) 0.03 
117 2230 10.7 77 500 | 78 700 0.22 N.D. | 0.14 | 6.0 } 0.13 | 0.41) 0.062) 0.035 0.01 0. 24) 0.05 
\.D. = not detected—that is, less than 0.01 per cent. 
* Check analysis of iron content of coating, 6.3 per cent. 
3, 3, 3,3 Determinations 
2,3 


In Exposure Test as: : Preece 
Coating Dips* 


Weights Withstood 


Unfabricated sample No. 315 | 0.25, 0.26 | 1, 2, 2, 2, 2 
Interior of fence No. 315 0.25 y a 

Top of fence No. 512 0.25 pee 
Bottom of fence No. 512 0.26 22 


Avg. 0.25 


Coating thickness, in.: Min. 0.00025, Max. 0.00088 
Wrap test performance, good 
Iron content of coating, 5.7 per cent 


Wire lot No. 315; Gage, 11 
Coating weight, 0.25 oz. per sq.ft. 


"See note at t the end “ Table I-K. 
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TABLE I - B.—ZINC COATED SPECIMENS.—Cont. 


Determinations 


Coating 
Weights Withstood 


| 
In Exposure Test as: 


Unfabricated sannilie No. 316 0.33, 0.32 
Interior of fence No. 316 0.31 

Top of fence No. 510 0.32 

Bottom of fence No. 510 0.33 


Avg. 0.32 


“oating thickness, in.: Min. 0.00044, Max. 0.0¢ 
Wrap test performance, good 
Iron content of coating, 7.9 per cent 


Wire lot No. 316; Gage, 11 


0.43, 0.43, 0.48 
Unfabricated sample No. 317 0.47, 0.47, 0.47 


Interior of fence No. 317 0.34 
Top of fence No. 511 0.37 
Bottom of fence No. 511 0.36 


Avg. 0.38 


Coating thickness, in.: Min. 0.00025, Max. 0.001 
Wrap test performance, checks 
Iron content of coating, 7.9 per cent 


Wire lot No. 317; Gage, 11 
Coating weight, 0.38 oz. per sq.ft. 


Unfabricated sample No. 215 0.26, 0.28, 0.29 
Interior fence No. 215 _— 
Top of fence No. 215 0.25 
Bottom of fence No. 215 0.25 
Top of fence No. 315 0.33 
Bottom of fence No. 315 0.29 


Avg. 0.28 


Coating thickness, in.: Min. 0.00063, Max. 0.00188 
Wrap test performance, good 
Iron content of coating, 4.8 per cent 

Check analyses, 6.3 per cent 


Wire lot No. 215; Gage, 9 
Coating weight, 0.28 oz. per sq.ft. 


* See note at the end of Table I - K. 


| 
4,4,4,4 
3, 3, 3,3 
2, 3, 3,3 
| 
3, 3, 3,3 
‘ 3, 4, 5, 5,5 
== 
| 
| 
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Determinations 


In Exposure Test as: 


Dips* Dips* 
thstood | Withstood 


Unfabricated sample No. 216 0.30, 0.31, 0.32, 2 
Interior of fence No. 216 -— 3 
Top of fence No. 216 0.30 3 
Bottom of fence No. 216 0.31 3 
Top of fence No. 316 0.27 3 
Bottom of fence No. 316 0.29 4 


Avg. 0.30 


Coating thickness, in.: Min. 0.00031, Max. 0.00075 
Wrap test performance, good 
Iron content of coating, 8.1 per cent 


Wire lot No. 216; Gage, 


Unfabricated sample No. 217 0.28, 0. - 0.30 
Top of fence No. 317 0.4 
Bottom of fence No. 317 0. 39 


Avg. 0.36 


Coating thickness, in.: Min. 0.0005, Max. 0.00063 
Wrap test performance, good 
Iron content of coating, 7.1 per cent 


Wire lot No. 217; Gage, 9 
Coating weight, 0.36 oz. per sq.ft. 


| 
Unfabricated sample No. 115 0.24, 0.25, 0.24 2, 2, 2, 3, 3 


Ave. 0.25 


Coating thickness, in.: Min. 0.00025, Max. 0.00088 
Wrap test performance, good 
Iron content of coating, &.3 per cent 


Wire lot No. 115; Gage, 6 
Coating weight, 0.25 oz. per sq.ft. 


"See note at t the end of Table I- 
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TABLE I-B.—ZINC COATED SPECIMENS.—Cont. 


Wire lot No. 117; Gage, 6 
Coating weight, 0.27 oz. per sq.ft. 


Determinations 


In Exposure Test as: 


Coating Dee 
Weights Withstood 


Unfabricated sample No. 117 0.26, 0.27, 0.29 2,2 
Avg. 0.27 
Coating thickness, in.: Min. 0.00025, Max. 0.00038 


Wrap test performance, good 
Iron content of coating, 6.0 per cent 


* See note at the end of Table I - K. 


Tensile Strength, 


stood: 4, 4, 4, 


Wire lot No. 520; Gage, 14.5 
Coating weight, 0.36 oz. per sq.ft. 


TABLE I-C. ZINC COATED SPECIMENS: 0. 35 TO 0.45 OZ. PER SQ.FT. NOMINAL COATING. 


N.D. = not detected —that is, less than 0.01 per cent. 


> 


Chemical Analyses of Chemica! Analyses of Base Metal, 
: te. | BS § | Pst. Figured for Coatings, per cent per cent 
Wire Lot | Wire 
43 | 
oS | 
= a} Coated Stripped Pb Cd Cu Fe Cc Mn Pp S Si | Cu’ Cr 
No, 520 £30 18.7 61500 62900 0.27 0.28 0.09 7.3 0.13 | 0.42 0.059 0.025 0.04 0.23 0.0 
No. 521 270 10.1 59400 62100) 0.54 0.18 0.12 9.1 0.12 0.37 0.013 0.021 0.07 0.24 6.02 
No. 522..... 500 1.5 107 460) 112 300) 0.25 0.01 0.09 7.5 0.09 | 0.44, 0.014 0.024 0.13 0.23 0.03 
No, 421.... 470 19.3 62000 64600) 0.56 0.07 0.12 8.1 0.12 0.38) 0.008 0.027 0.07 0.22 0.02 
No. 422.... 500 15.8 64700, 66500 0.29 0.11 0.09 6.9 | 0.12 0.42) 0.053 0.024 0.02 0.24 0.0 
No. 423.... = 17.2 52 700 400 N.D.) N.D. 0.05 7.1 | 0.07 | 0.31) 0.013) 0.027 0.01 0.27 0.2 
No. 282 13.0 76 900 7800 0.30 N.D. 0.07) 7.2 | 0.10 | 0.46) 0.016 0.024 0.14 0.25 0. 
; No. C - 421: Barbed Wire: Coating, 0. 37 oz. per sq.ft. Preece Dips* with- 


0.10 | 0.45 0.025) 0.027 0.13 0.25 0.04 


Determinations 
In Exposure Test as: 7 ; Preece 
Coating Dips 
Weights Withstood 
Unfabricated sample No. 520 0.33, 0.34, 0.34 3, 3, 3, o; 
Interior of fence No. 520 0.38 4, 4,4, 4, 


Avg. 0.36 


Coating thickness, in.: Min. 0.0005, Max. 0.00075 
Wrap test performance, good 
Iron content of coating, 7.3 per cent 


* See note at the end of Table I - K 
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Determinations 


In Exposure Test as: _ wer Preece 
Coating Dips* 
Weights Withstood 


Unfabricated sample No. 521 0.39, 0.41, 0.39 5, 5, 5 
0.36 4, 4,4 


Interior of fence No. 521 " 


Avg. 0.38 


Coating thickness, in.: Min. 0.00075, Max. 0.00094 
Wrap test performance, good 
Iron content of coating, 9.1 per cent 


Wire lot No. 521; Gage, 14.5 
Coating weight, 0.38 oz. per sq.ft. 


Unfabricated comaie No. 522 0.45, 0.44 
Interior of fence No. 522 0.44 


Avg. 0.44 


Coating thickness, in.: Min. 0.0005, Max. 0.001 
Wrap test performance, good 
Iron content of coating, 7.5 per cent 


Wire lot No. 522; Gage, 14.5 
Coating weight, 0.44 oz. per sq.ft. 


Unfabricated sample No. 421 0.47, 0.49, 0.51 


4 
Interior of fence No. 421 0.49 5 
Barbed wire No. 422 0.44 3 


| Avg. 0.47 
Coating thickness, in.: Min. 0.00019, Max. 0.00088 


Wrap test pe »rformance, good 
Iron content of coating, 8.1 per cent 


Wire lot No. 421; Gage, 12.5 
Coating weight, 0.47 oz. per sq.ft. 


* See note at end of I-K. 
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TABLE I - C.—ZINC COATED SPECIMENS.—Cont. 


av 


hy 


Wire lot No. 422; Gage, 12.5 
Coating weight, 0.35 oz. per sq.ft. 


Wire lot No. 423; Gage, 12.5 
Coating weight, 0.31 oz. per sq.ft. 


Wire lot No. 282; Gage, 9 
Coating weight, 0.37 oz. per sq.ft. 


Determinations T 
In Exposure Test as: p 
Coating Din 
Weights Withotood Wire 


Unfabricated sample No. 422 0.39, 0.38 3 
Interior of fence No. 422 0.31, 0.31 3 


Avg. 0.35 


Coating thickness, in.: Mir. 0.00038, Max. 0.00088 
Wrap test performance, peeled 
Iron content of coating, 6.9 per cent 


Unfabricated sample No. 423 0.36, 0.33, 0.36) 3, 3, 3, 3,3 
Interior of fence No. 423 0.31, 0.31 3, 3,4 
Barbed wire No. 420 0.28 3, 3,3 


Avg. 0.31 


Coating thickness, in.: Min. 0.00044, Max. 0.001 
Wrap test performance, good 
Iron content of coating, 7.1 per cent 


Unfabricated sample No. 282 0.37, 0.37, 0.38 4, 4,4 


Avg. 0.37 


Coating thickness, in.: Min. 0.00038, Max. 0.00088 
Wrap test performance, good 
Iron content of coating, 7.2 per cent 


4 


* See note at the end of Table I - K 
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TABLE I - D.—ZINC COATED SPECIMENS: 0.45 TO 0.55 OZ. PER SQ.FT. 


+ 


Tensile Strength, 


CHARACTERISTICS OF WIRE IN FIELD E XPOSURE 


NOMINAL COAT ING. 


a: ee -— *hemica! Analyses of Chemical Analyses of Base Metal 
oct df Chemica emical Analyses of Base Metal, 
& | psi. Figured for 
Wee Lot | So Wire Coatings, per cent per cent 
| 
$3 | 
 |Coated Stripped) Pb | Cd | Cu) Fe | C P S | Si | Cul 
No. 325 730 «18.7 | 63200) 65500, 0.29 | 0 33 | 0.10) 4.1 | 0.13 0.42 0.055 0.024, 0.03 0.23) 0.02. 
No. 326. 700 15.8 59500} 66600) N.D | ND. | 0.03 | 8.5 0.08 0.39 0.017 0.037, 0.10 0.06) 
No. 327 1160 7.0 | 101.000 | 104700) 0.13 | 0.11 | 0.09 8.1 0.10 0.44 0.017 0.026 0.13. 0.24) 0.03 
No. 329 720 14.7 62500 64700 0.56 0.21 | 0.11 6.8 0.12 | 0.39 0.009 0.026 0.07) 0.24) 0.02 
No. 225 1650 6.7 | 94600 96800) 0.22 | 0.10 | 0.09 8.5 0.11 0.44 0.016 0.023 0.13) 0.24 0.03 
No. 226 1150 18.2 | 63800) 67400) N.D. | N.D. | 0.08 7.6 0.16 0.55 0.019 0.036 0.10) 0.25) 0.04 
No. 227 1640 7.0 95100 99200 0.57 0.14 | 0.13 7.9 0.12 0.39 0.008 0.026 0.07, 0.25 0.01 
No. 228 1080 14.7 61 600 63 300) 0.35 | 0.35 | 0.07 6.8 0.12 0.43 0.053) 0.021. 0.04) 0.22) 0.02 
No. 125 1840 16.8 63 300 | 64100) 0.30 | N.D. | 0.14 6.5 0.12 0.38 0.007. 0.024 0.09 0.23) 0.02 
No. 127 2540 86 800 88600) 0.34 0.07 0.05 7.6 0.12 0.67. 0.007. 0.024 0.01. 0.05! 0.01 
N.D. = not detected—that is, less than 0.01 per cent. 
Determinations 
>» In Exposure Test as: 
| Coating Dips* 
Weights Withstood 
“Unfabricated sample No. 325 0.50, 0.50 5.3, 
3 Interior of fence No. 325 0.52 5 
Top of fence No. 520 0.37 4, 
Bottom of fence No. 520 0.39 | 4, 
Avg. 0.44 
Coating thickness, in.: Min. 0.00081, Max. 0.00094 
Wrap test performance, good 
Jron content of coating, 4.1 per cent 
“i, 
Th 
Wire lot No. 325; Gage, 11 
Coating weit ght, 0.44 oz. per sq.ft 
er Unfabricated sample No. 326 0.39, 0.40, 0.41, 0, 2, 2, 2, 
4 Interior of fence No. 326 0.35 3, 4, 4, 4, 


"See note at the end of Table I 


Wire lot No. 326; Gage, 11 
Coating weight, 0.38 oz. per sq.ft. 


K. 


Coating thickness, in. 
Wrap test performance, 
Iron content of coating 


Avg. 0.38 


» Min. 0.00038, Max. 0.00088 


good 
, 8.5 per cent 
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TABLE I - D. 


ZINC COATED SPECIMENS.—Cont. 


Determination 
In Exposure Test as: 


Coating 
Weights 


\ Unfabricated sample No. 0.47, 0.48 

yey of fence No. 327 0.44 
lop of fence No. 522 0.48 

Bottom of fence No. 522 0.48 


Avg. 0.47 


Coating thickness, in.: Min. 0.0005, Max. 0.00088 
Wrap test performance, flaked 
Iron content of coating, 8.1 per cent 


Unfabricated sample No. 329 0.55, 0.57 

Top of fence No. 521 0.45 

Bottom of fence No. 521 0.61, 0.64 
Avg. 0.54 


Coating thickness, in.: Min. 0.00088, Max. 
a | epee, Wrap test performance, flaked 
| Iron content of coating, 6.8 per cent 


Wire lot No. 329; Gage, 11 a 
Coating weight, 0.54 0z. per sq.ft. 4 


Unfabricated sample No. 225 0.45, 0.45, 0.46 
Interior of fence No. 225 

Top of fence No. 225 0.49 
Bottom of fence No. 225 0.44 

Top of fence No. 327 0.43 
Bottom of fence No. 327 0.47 


Avg. 0.45 
Coating thickness, in.: Min. 0.00044, Max. 0.00081 
Wrap test performance, flaked 
Iron content of coating, 8.5 per cent 


Wire lot No. 225; Gage, 9 
Coating weight, 0.45 oz. per sq.ft. 


* See note at the end of Table I - K. 
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ips* 
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| Wire lot No. 327; Gage, 11 ; q 
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CHARACTERISTICS OF WIRE IN FIELD Exposure TEST 


TABLE I - D.—ZINC COATED SPECIMENS.—Cont. 


Determinations 


In Exposure Test as: 
Coating 
W ithstood 


Unfabricated sample No. 226 0.47, . 46, 0.47 
Top of fence No. 326 45 
Bottom of fence No. 326 °. 45 


4,4 
4,4 
5, 4 


4,4 
4,4 
» 4,4 


Avg. 0.45 
Coating thickness, in.: Min. 0.00038, Max. 0.00075 


Wrap test performance, flaked 
Iron content of coating, 7.6 per cent 


Wire lot No. 226; Gage, 9 
Coating weight, 0.45 oz. per s« 


Unfabricated sample No. 0.58, 0.59 
Interior of fence No. 227 - 

Top of fence No. 227 

Bottom of fence No. 227 


Avg. 0.52 


Coating thickness, in.: Min. 0.001, Max. 0.0013 
Wrap test performance, good 
Iron content of coating, 7.9 per cent 


Wire lot No. 227; Gage, 9 


Coating weight. 0.52 oz. per sa.ft 


Unfabricated sample No. 
Interior of fence No. 228 
Top of fence No. 228 
nape of fence No. 228 
lop of fence No. 325 
Bottom of fence No. 325 


. 0.50 


Coating thickness, in.: Min. 0.00044, Max. 0.00088 
Wrap test performance, good 
Iron content of coating, 6.8 per cent 


Wire lot No. 228; Gage, 9 
Coating weight, 0.50 oz. per sq.ft. 


‘hee note at the end of Table I - 
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4 4,4,4 
5 2 0.48 4,4,4 
5 0.48 4,4,4 


TABLE I- D.—ZINC COATED SPECIMENS.—Cont. 


| 


Determination 
In Exposure Test as: ms Pp 
Coating Dit 
Weights With 


Wire lot No. 125; Gage, 6 
Coating weight, 0.41 oz. per sq.ft. 


Wire lot No. 127; Gage, 6 
Coating weight, 0.54 oz. per sq.ft. 


Unfabricated sample No. 125 0.40, 0.41, 0.42 4, 4, 4,4 
Avg. 0.41 


Coating thickness, in.: Min. 0.00025, Max. 0.00075 
Wrap test performance, good 

Iron content of coating, 6.5 per cent 


Unfabricated sample No. 127 0.53, 0.55, 0.53. 5, 5, 5, 5,5 


Avg. 0.54 
Coating thickness, in.: Min. 0.00063, Max. 0.00125 
Wrap test performance, flaked 
Iron content of coating, 7.6 per cent 


* See note at the end of Table I- K. 
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TABLE I - E.-ZINC COATED SPECIMENS: 0.50 TO 0.60 OZ. PER SQ.FT. NOMINAL COATING. 


Tensile Strength, 


4 Chemical Analyses of Chemical Analyses of Base Metal 
| psi. Figured for Coatings, per cent 
WireLot 33 | Wire 
a a} Coated Stripped) Pb | Cd Cu | Fe C | Mn | P | Ss | Si | Cu | 
Xo, $30 310 10.0 | 70100, 73200| N.D.| N.D.| N.D.) 0.07 | 0.05 | 0.34! 0.013) 0.030 0.008) 0.28 
No. 531 500 4.0 107 600 | 112 500 | N.D. N.D. | 0.64 0.10 | 0.46 0.016 0.028 0.14 | 0.25 


4.8 
, A- 532¢(Fence sample) (Coating, 0.49 0z.| 0.39 0.12 | 0.06 | 7.9 | 0.23 | 0.51) 0.031) 0.034.0.15 | 0.18 
yersq.ft.). (Preece dips* withstood, 5,5,5,5,5) 
cece No. 430 780 6.5 104 000 | 108 300) 0.43 0.15 0.13 | 8.7 0.13 | 0.39) 0.008) 0.028'0.07 | 0.27 
ps No, 431 880 6.8 110000 | 112 800, 0.27 0.06 0.08 | 7.8 0.10 0.46; 0.014) 0.025°0.14 | 0.24 
ist 432 510 9.2. 68000 70800) N.D.| N.D. 0.007) 0.1 
A - 433* (Fence sample).............. 0.25 | 0.11 | 0.09 | 8.1 
4, 4,4 ating, 0.49 oz. per sq.ft.). (Preece dips* withstood, 5, 5, 5) 


4 0.05 0.29) 0.010 0.023.0.003) 0.27 
0.19 | 0.48) 0.013) 0.033,0.12 | 0.17 


N.D. = not detected—that is, less than 0.01 per cent. 
* These samples appear in exposure test only as farm field fences. Analyses on wire cut from interior of fences. 


Determinations 


In Exposure Test as: oe 
Coating | 
Weights | withstood 


Unfabricated sample No. 530 |0.58, 0.59) 3, 3, 3, 3, 3 : 
Interior of fence No. 530 | 0.62 | 4,4,4,4,4 — 
| Avg. 0.61 
Coating thickness, in.: Min. 0.00094, Max. 0.00106 
Wrap test performance, peeled 
Iron content of coating, 0.07 per cent 


5, 5, 5 
Wire lot No. 530; Gage, 14.5 
Coating weight, 0.61 oz. per sq.ft. 
| Unfabricated sample No. 531 |0.58, 0.58| 4, 4, 4, 3, 
‘ | Interior of fence No. 531 | 0.61 | 4, 4, 4, 4, 
| Avg. 0.60 | 
Coating thickness, in.: Min. 0.00069, Max. 0.00119 
Wrap test performance, good 
| Iron content of coating, 4.8 per cent 


Wire lot No. 531; Gage, 14.5 
Coating weight, 0.60 oz. per sq.ft. 


"See note at the end of Table I - K. 
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TABLE [I - E.—ZINC COATED SPECIMENS.—Cont. 


Determinations Wire Lot 
In Exposure Test as: tits p 
Coating 
eights 
With Ne. 335... 
Unfabricated sample No. 430 —-0..55, 0.57 5, 5, Xo. 337 
Interior of fence No. 430 0.52 6, 6, No. 338 
Barbed wire No. 431 0.53 2,2, No, 235.. 
236 ; 
Avg. 0.54 No. 231 


Iron content of coating, 8.7 per cent : ’ 139 


1 N.D. 
| * Che 


~ ~ é - Coating thickness, in.: Min. 0.00088, Max. 0.00094 gee 


Unfabricated sample No. 431 0.48, 0.49, 0.49 5, 5, 5, 5,5 
Interior of fence No. 431 | 0.48 8 
Barbed wire No. 430 | 0.45, 0.47 5.5.5 

| Avg. 0.48 


Coating thickness, in.: Min. 0.00063, Max. 0.00088 
Wrap test performance, good 

Iron content of coating, 7.8 per cent 


—_ 


Wire lot No. 431; Gage, 12.5 
Coating weight, 0.48 oz. per sq.ft. 


Unfabricated sample No. 432 | 0.59, 0.58 3, 4,3, 33 
Interior of fence No. 432 0.60 5, re 


Barbed wire No. 432 0.53 | 4, 


Avg. 0.57 | 


Coating thickness, in.: Min. 0.00081, Max. 0.00094 


‘ Wrap test performance, good 
; Iron content of coating, 0.14 per cent 
| 
Wire lot No. 432; Gage, 12.5 | > 


Coating weight, 0.57 oz. per sq.ft. 


* See note at the end of Table I - K. 
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. 4 Wire lot No. 430; Gage, 12.5 
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CHARACTERISTICS OF WIRE IN FIELD ExposuRE TEST 


TABLE I - F.—ZINC COATED SPECIMENS: 0.60 TO 0.70 OZ. PER SQ.FT. NOMINAL COATING. 
Teas See Chemical Analyses of Chemical Analyses of Base Metal, 
o Wire Coatings, per cent per cent 


Wire Lot 


per cent 


Coated [Stripped Pb Cd Fe Cc 
93 800 | 96 400 
65 700 69 300 
78 600 82 400 
92 000 94 600 
97 600 | 101 700 
74 700 77 000 
91 000 94 900 

97 000 
66 000 
95 900 


in 10 in 


Elongation 


1040 

760 

No. 337 860 
No. 338 1020 
No, 235... 1680 
No, 236...| 1270 
237 1540 

No. 238 1650 
239...' 1120 
135 2560 


0.10 -025 
0.13 .026 
0.27 -036 
0.05 
0.26 .040 
0.04 . .034 
0.09 .034 
0.12 .026 
0.13 .43) 0. 
0.11 .024 
138 1960 68 400 0.14 | 0.43) 0. 023 
139 1920 | 14. 66 000 . 0.12 | 0.37 0. 025 
A236 (Fence sample) 0.05 | .037, <0. 


anu 


caces 

nN 


RW 


N.D. = not detected—that is, less than 0.01 per cent. 
* Check analyses of lead content of coating, 0.70 per cent. 


Determinations 


In Exposure Test as: Preece 


Coating } Dips* 


Weights | Withstood 


Unfabricated sample No. 335 | 0.60,0.61 
Interior of fence No. 335 

Top of fence No. 531 

Bottom of fence No. 531 


| Avg. 0.61 


Coating thickness, in.: Min. 0.00063, Max. 0.00094 
Wrap test performance, checks 
Iron content of coating, 5.9 per cent 


Wire lot No. 335; Gage, 11 


| 
Unfabricated sample No. 330/ | 


Interior of fence No. 336 | 0.60 %2 


| Avg. 0.66 
Coating thickness, in.: Min. 0.001, Max. 0.00119 
Wrap test performance, good 
Iron content of coating, 7.4 per cent 


Wire lot No. 336; Gage, 11 
Coating weight, 0.66 oz. per sq.ft. 


* See note at the end of Table I - K. 


i Cu | Cr 
14! 0.24) 0.03 
07| 0.25} 0.02 
19 0.21) 0.04 
17, 0.20) 0.06 
01) 0.26) 0.01 
07, 0.24; 0.02 
14. 0.22) 0.03 
04; 0.22) 0.02 4 
08) 0.24! 0.02 
01! 0.27, <0.01 
5 4 
£65 
5, 5,5 
4 
4 j ; 
3 
. 
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ZINC COATED SPECIMENS.—Cont. 


In Exposure Test as: 


Unfabricated sample No. 337 
Interior of fence No. 337 
Top of fence No. 532 
Bottom of fence No. 532 


Coating weight, 0.57 oz. per sq.ft 


| Unfabricated sample No. 338 | 
Interior of fence No. 338 

Top of fence No. 530 
Bottom of fence No. 530 


Wire lot No. 338; Gage, 11 
Coating weight, 0.69 oz. per sq.ft. 


Unfabricated sample No. 


Interior of fence No. 235 
Top of fence No. 235 
Bottom of fence No. 235 
Top of fence No. 337 
Bottom of fence No. 337 


Wire lot No. 235; Gage, 9 : 
Coating weight, 0.67 oz. per sq.ft. 


Coating 
Weights 


0.67, 0.66 
0.59 
0.50 
0.52 


Avg. 0.57 


0.66, 0.69 


0.67 
0.65 


Avg. 0.69 
Coating thickness, in.: Min. 0.00113, Max. 0.00125 


Wrap test performance, good 
Iron content of coating, 0.04 per cent 


0.60 
0.62 
0.68 
0.64 


Avg. 0.67 


Coating thickness, in.: Min. 0.00125, Max. 
Wrap test performance, good 
Iron content of coating, 6.5 per cent 


* See note at the end of Table I 


Determinatior 


Dips* 
Withstood 


. 4 5, 6, 6, ¢ 


6, 6,6 


6, 6, 6, 6, 6 
6, 6, 6, 6, 


Coating thickness, in.: Min. 0.00088, Max. 0.00123 
Wrap test performance, checks 
Iron content of coating, 6.2 per cent 


79, 0.82, 0.83 
82 


6 
6 
6, 
6, 
6 


> 


6 


0.0015 


= | 


‘| Wire lot No. 337: Gage. 11 
3, 3,4,4,4 
> 4 
| 
ri 
4 
GTR 
£4 


TABLE I- F.—ZINC COATED SPECIMENS.—Cont. = 


Determinations 
In Exposure Test as: > 
Coating Preece 


Dips* 
Weights Withstood 


‘Unfabricated No. 0.66, 0.66 
Interior of fence No. 236 
Top of fence No. 236 0.68 
Bottom of fence No. 236 0.73 
Top of fence No. 338 0.69 
Bottom of fence No. 338 0.65 


Avg. 0.68 


Coating thickness, in.: Min. 0.00113, Max. 0.00131 
Wrap test performance, good 
Iron content of coating, 0.12 per cent 


Wire lot No. 236; Gage, 9 
Coating weight, 0.68 oz. per sq.ft. 


Unfabricated sample No. 237 | 0.71, 0.72, 0.74 
Interior of fence No. 237 

Top of fence No. 237 0.67 
Bottom of fence No. 237 0.55 

Top of fence No. 335 0.58 
Bottom of fence No. 335 0.61 


Avg. 0.63 


Coating thickness, in.: Min. 0.00075, Max. 0.001 
Wrap test performance, good 
Iron content of coating, 5.0 per cent 


Wire lot No. 237; Gage, 9 


Coating weight. 0.63 oz. per sa.ft 


Unfabricated sample No. 238 | | 0.59, 0.60, 0.61) 6, 6, 6, 6, 6 
Interior fence No. 238 

Top of fence No. 238 0.59 

Bottom of fence No. 238 0.61 

Top of fence No. 336 0.59 

Bottom of fence No. 336 0.61 


| Avg. 0.60 


Coating thickness, in.: Min. 0.00075, Max. 0.001 
Wrap test performance, good 
Iron content of coating, 7.7 per cent 


Wire lot No. 238; Gage, 
Coating weight, 0.60 oz. aaa sq.ft. 


*See note at the end of Table I - K. 
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SPORT 


TABLE I-F.—ZINC COATED SPECIMENS.—Cont. 


Determination 


In Exposure Test as: Pr 
Coating Dips* 
Weights Withstood 


Unfabricated sample No. 239 0.65, 0.66 


Avg. 0.65 


Coating thickness, in.: Min. 0.00106, Max. 0.00125 
Wrap test performance, good 
Iron content of coating, 6.7 per cent 


Wire lot No. 239; Gage, 9 
Coating weight, 0.65 oz. per sq.ft. 


Unfabricated sample No. 135 0.73,0.74,0.75 5, 5, 6, 6,6 


Avg. 0.74 
Coating thickness, in.: Min. 0.001, Max. 0.00113 
Wrap test performance, good 
Iron content of coating, 5.5 per cent 


Wire lot No. 135; Gage, 6 
Coating weight, 0.74 oz. per sq.ft, 


| | 
Unfabricated sample No. 138 | 0.66, 0.66,0.67, 7,7,7,7 
Avg. 0.67 


Coating thickness, in.: Min. 0.001, Max. 0.00125 
Wrap test performance, good 
Iron content of coating, 6.4 per cent 


Wire lot No. 138; Gage, 6 
Coating weight, 0.67 oz. per sq.ft. 


* See note at the end of Table I- K. 
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CHARACTERISTICS OF WIRE IN FIELD ExposurE TEST 123 - 


TABLE I- F.—ZINC COATED SPECIMENS.—Cont. 


Determinations 


In Exposure Test as: adie Preece 
Dips* 
Withstood 


Coating 
Weights 


nfabricated sample No. 139 | 0.65. 0.67 | 6,6,6,7,7 


Avg. 0.64 
Coating thickness, in.: Min. 0.0005, Max. 0.002 


Wrap test performance, good 
Iron content of coating, 7.2 per cent 


Wire lot No. 139; Gage, 6 
oating weight, 0.64 oz. per sq.ft. 


ote at the end of Table I - K 


TABLE | G ZINC COATED SPECIMENS: 0.70 TO 0.85 OZ. PER SQ.FT. NOMINAL COATING. — 


pag bowery Chemical Analyses of Chemical Analyses of Base Metal, 
I Wire ' Coatings, per cent per cent 


Load, Ib. 
Etongation 


Coated Stripped Cu Si. | Cu | Ce 

68 200 73200; N.D. N.D. 0.01 0.05 .33 0.011) 0.028 0.007) 0.26) 0.02 
76100 79 500 N.D. | 0.05 0.27 0.016) 0.040.0.18 | 0.20) 0.05 
106 200, 115900 N.D. | N.D. | 0.04 0.11 .45| 0.017, 0.026.0.13 | 0.24] 0.05 
67 500. 70. 600 N.D. | 0.05 | 3..: 0.12 0.019! 0.038'0.17 | 0.23) 
76200 81 500 N.D. | 0.05 0.25 0.015) 0.038)0.17 0.23) 0.05 
67 500 70 3000. N.D. | 0.04 | 3.8 | 0.13 | 0.46) 0.017) 0.034|0.18 | 0.22) 0.02 
62 200 64800) N.D. N. . | 0.007) | 0.03 | 0.25) 0.012) 0.036/0.005| 0.24) 0.01 
6.2 99 600 | 102 800) N.D. | N.D. | 0.04 bh 0.09 | 0.46) 0.015) 0.025|0.14 | 0.26) 0.03 


15.0 73 300 79 400 N.D. | 0.04 0.24 | 0.43) 0.014) 0.037/0.17 | 0.23) 0.05 
Made from wire lot No. 443. Chromated after zinc coating. 


\.D. = not detected —that is, less than 0.01 per cent. 


Determinations 


In Exposure Test as: Preece 
Dips* 
Withstood 


Coating 
Weights 


Unfabricated sample No. 540 | 0.72, 0.72 
Interior of fence No. 540 0.68 


Avg. 0.70) 


Cention thickness, in.: Min. 0.00088, Max. 0.00119 
Wrap test performance, good 
Iron content of coating, 0.12 per cent 


Wire lot No. 540; Gage, 14.5 
___ Coating weight, 0.70 oz. per sq.ft. 


* See note at the end of Table I-K. 
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TABLE - G.—ZINC COATED SPECIMENS.—Coat. 
Determinatic 
In Exposure Test as: | I 
Coating Dine 
Weights Wi 


0.77, 0.80,0.81 6, 6,6, 6,¢ 
0.68,0.72 | 4,4,445 


Unfabricated sarrple No. 541 
Interior of fence No. 541 


Avg. 0.76 


Coating thickness, in.: Min. 0.00088, Max. ( 0,015 
Wrap test pe goot 
Iron content of coating, 6.6 per cent 


Wire lot No. 541; 


14.5 


Gage, 


Unfabricated sample No. 542 0.68, 0.69,0.69  4,4,4 
Interior of fence No. 542 0.71 $, 5,% 


Avg. 0.70 


Coating thickness, in.: Min. 0.00113, Max. 0.0015 
Wrap test performance, good 
Iron content of coating, 6.4 per cent 


Wire lot No. 542; Gage, 14.5 
Coating weight, 0.70 oz. per sq.ft. 


Unfabricated comple 543 0.82, 0.85, 0.85. 5, 5,5 
0.74 §,5 


| Interior of fence No. 


Avg. 0.79 
Coating thickness, in.: Min. 0.00088, Max. 0.00175 


Wrap test performance, peeled 
Iron content of coating, 3.3 per cent 


Wi 

Wire lot No. 543; Gage, 14.5 Ce 
Coating weight, 0.79 oz. per sq.ft. ares 

Ye nol 


* See note at the end of Table I - K. 
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CHARACTERISTICS OF WIRE IN FIELD Exposure TEST 


TABLE I- G.—ZINC COATED SPECIMENS.—Cont. 


Determinations 


In Exposure Test as: | 
Coating | 
Weights Withstood 


Unfabricated sample No. 440 { | 
Interior of fence No. 440 0.79 | 3,4,4 


Avg. 0.76 


Coating thickness, in.: Min. 0.00106, Max. 0.00138 
Wrap test performance, flaked 
Iron content of coating, 6.7 per cent 


Wire lot No. 440; Gage, 12.5 


Unfabricated sample No. 441 | 0.75,0.77,0.80) ; 
Interior of fence No. 441 0.76 
Barbed wire No. 442 0.82 


Avg. 0.78 


Coating thickness, in.: Min, 0.00125, Max. 0.00138 
Wrap test performance, good 
Iron content of coating, 3.8 per cent 


Wire lot No. 441; Gage, 12.5 
Coating weight, 0.78 oz. per sq.ft. 
f 0.66 
Unfabricated sample No. 442 0.65 0.66 
Interior of fence No. 442 0.86 4, 3,3 
Barbed wire No. 441 0.64, 0.64 3,3 


Avg. 0.72 
Coating thickness, in.: Min. 0.001, Max. 0.00113 
Wrap test performance, good 
Iron content of coating, 0.10 per cent 


Wire lot No. 442; Gage, 12.5 
Coating weight, 0.72 oz. per sq.ft. 


"See note at the end of Table I - K. 
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TABLE I - G.—ZINC COATED SPECIMENS.— Cont. 


Wire lot No. 443; Gage, 12.5 
Coating 


Wire lot No. 444; Gage, 12.5 
Coating weight, 0.87 oz. per sq.ft. 


Determinations: 
In Exposure Test as: Pp 
Coating 
Weights Withstood 
Unfabricated sample No. 443 0.73, 0.75 5, 5, 5, 6,6 
Interior of fence No. 443 0.78 4,4, 4,4,4 
Barbed wire No. 443 0.67, 0.73 4,4,4 


Avg. 0.74 
Coating thickness, in.: Min. 0.00094, Max. 0.00119 c. 
Wrap test performance, good C. 
Iron content of coating, 5.5 per cent 


Unfabricated sample No. 444 0.87, 0.87,0.89 6,6,7,7,7 


| Avg. 0.87 


Coating thickness, in.: Min. 0.00125, Max. 0.00138 
Wrap test performance, checks ’ 


Iron content of coating, 6.4 per cent 


* See note at end of Table I - K. 
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_ CHARACTERISTICS OF WIRE IN FIELD EXPOSURE 


TABLE I - H. 


Tensile Strength, 
psi. Figured for 


Wire Lot ire 


Breaking 

Load, lb. 

Elongation 
in 10 in., 
per cent 


Coated Stripped 


79 900 
94 500 
73 700 
88 100 
90 900 
69 000 
102 700 
85 400 
88 000 
No.1 16.7 66 800 
No A —Made from wire lot No. 245. 
No. A248 (Fence sample). 


85 300 
100 800 
77 800 
94 100 
94 700 
71 900 
107 000 
88 000 
90 900 | 
69 700 | 


BARBED WIRE 


Zinc Coat, 


Preece Dips* 
oz. per sq.ft. 


Withstood 


0.97 
0.92 


C - 445. 
C - 446. 


0.03 
N.D. 


N.D. 


,6 
a N.D. 


0 
0 
0 
0 
0 
0. 
0 
0 
0 
0 


ZINC COATED SPECIMENS: 0.80 TO 1.00 OZ. PER SQ.FT. NOMINAL COATING. 


Chemical Analyses of 
Coatings, per cent 


-05 
.005 
-04 
04 
.04 
-004 
-05 
-05 


Cc hromated after ; zinc coating. 


SPECIMENS 


0.02 
0.04 


> TEST 


Chemical Analyses of Base Metal, per cent 


Cc Ss 
0.25 
0.10 
0.13 
0.04 
0.10 
0.12 
0.25 
0.05 
0.11 
0.10 


.018 
019 

.020| 
008 


0.035 
(0).027} 
0.038 
0.015 
0.026 
0.033 
0.034| 
-004| 0.037 
-015| 0.026) 
-080| 0.036 


0.19 
0.14 
0.17 
0.01 
0.14 
0.18 
0.20 
0.006) 0. 
0.13 0.2: 
0.01 | 0. 


9 
2 
8 
-04 
4 
7 
2 


-09 
.8 


0.05 -011) 0.029 <0.01] 0.28 <0.01 


3.9 
4.1 


0.13 
| 0.11 


0.40 
| 0.44 


0.059 0.036 0.13 
0.024 0.027 0.12 
1 


0.24 0. 04 
| 0. 25) 


heck analyses of iron content, 3.8 per cent. 
‘. D. = not detected — that is, less than 0.01 per cent. 


Wire lot No. 345; Gage, 11 
Coating weight, 0.84 oz. per sq.ft. 


Wire lot No. 346; Gage, 11 
Coating weight, 0.88 oz. per sq.ft. 


| Unfabricated sample No. 345 

| Interior of fence No. 345 
Top of fence No. 541 
Bottom of fence No. 541 


Determinations 


In Exposure Test as: P reece 
Dips* 
W ithstood 


Coating 
Weights 


0.83, 0.83 
0.97 
0.76 
0.79 


9,9, 9 

4,4, 4, 4,4 

13, 4,4, 4,4 
Avg. 0.84 

Coating thickness, in.: Min. 0.00138, Max. 0.0015 


Wrap test performance, good 
Iron content of coating, 6.9 per cent 


Unfabricated sample No. 346 0.85, 0.84 
Interior of fence No. 346 0.84 
Top of fence No. 542 0.96, 0.96 
Bottom of fence No. 542 0.88 


Avg. 0.88 


Coating thickness, in.: Min. 0.00106, Max. 0.0015 
Wrap test performance, good 
Iron content of coating, 5.2 per cent 


*See note at the end of Table I - K. 
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0.02 
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TABLE I - H.—ZINC COATED SPECIMENS.—Cont. 


Determinations 


In Exposure Test as: 
Coating 
Weights 


Unfabricated sample No. 347 0.95, 0.97 
Interior of fence No. 347 1.00 
Top of fence No. 543 0.78 
Bottom of fence No. 543 0.79 


Avg. 0.88 


Coating thickness, in.: Min. 0.00113, Max. 0.00163 
Wrap test performance, checks Oo 
Iron content of coating, 3.8 per cent 


Wire lot No. 347; Gage, 11 
Coating weight, 0.88 oz. per sq.ft. 


Unfabricated sample No. 348 1.08 6 
Interior of fence No. 348 1.07 
Top of fence No. 540 1.05 
Bottom of fence No. 540 1.06 


Avg. 1.05 


Coating thickness, in.: Min. 0.00138, Max. 0.00175 
Wrap test performance, flaked 
Iron content of coating, 0.04 per cent 


Wire lot No. 348; Gage, 11 | 
Coating weight, 1.05 oz. per sq.ft | 


Unfabricated sample No. 245 
Interior of fence No. 245 
Top of fence No. 245 
Bottom of fence No. 245 
Top of fence No. 346 
Bottom of fence No. 346 


Avg. 0.81 
Coating thickness, in.: Min. 0.001, Max. 0.0015 
Wrap test performance, good 
Iron content of coating, 5.4 per cent 


Wire lot No. 245; Gage, 9 
Coating weight, 0.81 oz. per sq.ft. 


* See note at the end of Table I - K. 
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CHARACTERISTICS 


TABLE I - H.—ZINC COATED SPECIMENS.—Cont. 


Determinations 
In Exposure Test as: 


Weights Dips* 


Coating | Preece 
| Withstood 


Unfabricated sample No. 246 0.97, 0.97 
Interior of fence No. 246 
Top of fence No. 246 0.94 
Bottom of fence No. 246 0.98 
Top of fence No. 347 0.89 
Bottom of fence No. 347 0.95 


Avg. 0.95 


Coating thickness, in.: Min. 0.00075, Max. 0.00163 
Wrap test performance, cracked 
Iron content of coating, 3.7 per cent 


Unfabricated sample No. 247! 0.98, 


Interior of fence No. 247 
Top of fence No. 247 0.95 
Bottom of fence No. 247 1.00 
Top of fence No. 345 1.01 
Bottom of fence No. 345 0.91 


Avg. 0.96 


Coating thickness, in.: Min. 0.0015, Max. 0.0019 
Wrap test performance, cracked 


Iron content of coating, 6.2 per cent 


Wire lot No. 247; Gage, 9 
Coating weight, 0.96 oz. per sq.ft. 


Unfabricated sample No. 248 0.66, 0. 66, 0.66 
nage of fence No. 248 
lop of fence No. 248 0.92 
| Bottom of fence No. 248 0.68 
Top of fence No. 348 0.91 
| Bottom of fence No. 348 0.89 


Avg. 0.81 


Coating thickness, in.: Min. 0.001, Max. 0.00118 
Wrap test performance, good 
Iron content of coating, 0.09 per cent 


Wire lot No. 248; Gage, 9 
Coating weight, 0.81 oz. per sq.ft. 


*See note at the end of Table I - K. 
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TABLE I-H.—ZINC COATED SPECIMENS.—Cont. 


= 


Determinations 


In Exposure Test as: p 
Coating Dine 
Weights withstood 


Unfabricated sample No. 148/ wae 0.90 


6, 6, 6, 6,6 


Avg. 0.90 
Coating thickness, in.: Min. 0.00113, Max. 0.00188 


Wrap test performance, flaked 
Iron content of coating, 6.8 per cent 


/, 
Wire lot No. 148; Gage, gy 
Coating weight, 0.90 oz. per sq.ft. os 


Unfabricated sample No. 149 0.85, 0.85 5, 5, 5, 5,5 


Avg. 0.85 
Coating thickness, in.: Min. 0.00075, Max. 0.00225 
Wrap test performance, cracked 
Iron content of coating, 6.4 per cent 
Check analyses, 3.8 per cent 


Wire lot No. 149; Gage, 6 
Coating weight, 0.85 oz. per sq.ft. 


* See note at the end of Table I - K. 
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TABLE I-I.—ZINC COATED SP INAL COATING. 


Tensile Strength, 
psi. Figured for 
ire 


Chemical Analyses of Chemical Analyses of Base Metal, 
Wire Lot Coatings, per cent per cent 
ire Lo 


Breaking 
Elongation 
in 10 in., 


Coated ‘Stripped Pb | Pis si | | cr 


9.2 90 200 96000 | N.D. | N.D. | 0.04 | 4.6 | 0.11 | 0.45) 0.015 0.025) 0.14) 0.25, 0.03 | 
2.2 105 500 111 400 | N.D. | N.D. | 0.04 | 4.7 | 0.10 0.45) 0.014, 0.024 0.14) 0.24) 0.03 


N.D. = not detected—that is, less than 0.01 per cent. 
| | 

Determinations 

In Exposure Test as: 

Coating 

Weights Withstood 

. 36, 1.35, 9,9,9 


Unfabricated sample No. 800) 1.37, 1.38 


Avg. 1.35 
Coating thickness, in.: Min. 0.00169, Max. 0.0025 
Wrap test performance, cracked 
Iron content of coating, 4.6 per cent 


Wire lot no. 800; Gage, 6 
Coating weight, 1.35 oz. per sq.ft. Vee 


— 


Unfabricated samp!e No. 801 1.20 
| 


| Avg. 1.20 


Coating thickness, in.: Min. 0.00175, Max. 0.00213 
Wrap test performance, checks 
Iron content of coating, 4.7 per cent 


Wire lot No. 801; Gage, 9 
Coating weight, 1.20 oz. per sq.ft. 


"See note at the end of Table I - K. 
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; TABLE I~ J.—ZINC COATED SPECIMENS: 1.60 TO 1.80 OZ. PER SQ.FT. NOMINAL COATING 
Tensile Strength, 
| psi. Figured for 


| Wire 


Chemical Analyses of Chemical Analyses of Base Metal, 
Coatings, per cent per cent 


Breaking 
Elongation 
in 10 in., 
per cent 


Coated Stripped | F J S | Si | Cu Cr 


0.08 0.09 -014 0:024 0.12 | 0.21, 0.03 
N.D. 0.04 .009 0.024 0.008 
0.02 1.40 -015 0.025 0.12 
0.006 0.04 .014 0.032 0.007 
0.001 0.02 -006 0.020 0.01 
0.04 0.60 -017 0.035 0.20 
0.02 | 1.40 i .014 0.025 0.14 
0.04 0.55 -016 0.036 0.17 
0.01 1.60 .016 0.025 0.12 
0.005, 0.07 .014 0.033 0.01 
N.D.| 1.50 0.011 0.029 0.11 


121100 139 800 
70 600 -85 600 
109 300) 800 
69 100 | 78% 700 
58 400) 000 
82100 89 600 
118 400 131 200 
77 400 83.900 
112 700 120 400 
66 700 72 100 
107 000 | 112 700 


BARBED WIRE SPECIMENS 


Zinc Coat, oz. Preece Dips* | | | | 
per sq.ft. Withstood | 

No. C — 447.| 1.96, 2.01, 1.99 8, 8, 8 

No. C - 494 1.99, 1.99 8, 8,8 

No. C - 450 1.64 §.5,3 
(Galvanized after fabrication) 


| 
NLD. N.D. N.D.| 6.002 0.05 0.28 0.017 0.021 0.006 
5 


| N.D. | N.D. | N.D.| 0.006) 0.15 
Analysis not made 


0.49 0.030,0.03510.13 


N.D. = not detected—that is, less than 0.01 per cent. 
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No. 551... 540 N.D 
wd No. 552 310 N.D 
No, 450 820 N.D 
No, 451 510 003 
* No. 350 640 
No. 351... 979 1 
No, 352 1340 
‘ 7 No. 250 1380 1 
3 No. 251.....| 1940 N.D 
1. No. 252.....} 1150 | 1 N.D 
No. 3100 N.D 
—| 
0.28, 0.03 
0.29) 0.05 
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CHARACTERISTICS OF 


usual etching 
Gage, 6; Coating weight (avg.), 1.86 oz. per sq.ft. 
In exposure test as unfabricated sample No. 151. 


Coating weight tests: 1.62, 1.75, 1.68, 1.99. Preece dips* withstood: 7,7, 7,7 
— Coating thickness, in.: min. 0.00075, max. 0.004 


Wrap test performance, cracked; Iron content of coating, 1.5 per cent 


* See note at the end of Table I- K. i f 


TABLE I -- K.—ZINC COATED SPECIMENS: EXTRA HEAVY NOMINAL COATING. 

: eas Chemical Analyses of Chemical Analyses of Base Metal, 

a Wire oatings, per cent per cen 


Load, Ib. 
Elongation, 


K 
Breaking 


Coated Stripped ; Cu Fe > | Mn P S Si 


940 11.5 82000 96 200 | 0.002 | N.D 0.005 0.02 0.12 0.016 0.032 0.007 9.25 
1520 6. 87 200 500 | 0.02 N.D. 6.005 0.01 O17 0.017 
1840 | 2. | 106 800 , 125 000 | 0.001 N.D. 0.008 1.30 0.40 0.011 


0.08 
0.031 0.01 | 0.24) 0.08 
0.027 0.10 | 0.24 0.01 


D. = Not detected—that is, less than 0.01 per cent. 


f coating, per cent 


* See note at the end of Table I 


lron content o 
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CHARACTERISTICS OF WIRE IN FIELD ExposuRE TEST 


r 
=) 
¥ 
E 


Wire lot No. 299; Gage, 9; Coating weight (avg.), 3.03 oz. per sq.ft. 

In exposure test as unfabricated sample No. 299 ‘ 
Coating weight, 2.34, 2.91, 3.15, 3.31, 3.44 oz. per sq.ft. 

individual ; tests Preece dips withstood,* 11, 12, 12 

Coating thickness, in.: min. 0.00225, max. 0.00575 

Wrap test performance, cracks; Iron content of coating, 1.3 per cent. 


298 
397 
397 


Reference note applying to Tables I- Ato I-K.) Ina number of instances the results of the Preece tests are 
‘than might be expected from tests made on newly galvanized wire with the same weight and character of coat- 
The Preece tests were made at the National Bureau of Standards during March and April, 1937. Presumably the 
*s had been produced about 6 to 12 months before, since most of them were received by the Engineer of Tests in 
‘ork in the period of May to September, 1936. 


f fence No 
f fence No. 


» of fence No. 


\ Bottom o 
\ Tor 

(Bottom o 


* See note at the end of Table ft - 
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TABLE I - L.—UNCOATED COPPER-BEARING STEEL WIRE SPECIMENS. 


In Exposure Test as Chemical Analyses of Base Metal, per cent 


Unfabri- Interior 
jire 


Top and 
Bottom 


Strength, 


per cent 


Barbed 
Wire Mn Pp 


longation 
in 10 in., 


Tensile 


s | silcule 


A - 505*.| (fence sample, tension tests No. 505 .43 0.066 0. 0.04 0.02 


E 


not made) 
io. 506.....| 520, 7.3 115 200 No. 506 0. 0.12) 0.25) 0.03 
Jo. $07.....| 590 1.3 131400 No. 507 .39 0.012 0. 0.07, 0.24) 0.02 
405.....| 470 62 200 No. 405 No. 406 0. "39 0.007! 0.021, 0.07! 0.24) 0.02 
.406.....| 460 61100 | No. 406 No. 405 0.1. 0.053, 0.024, 0.03) 0.23) 0.02 
305..... | 1070 .3 | 96400 No. 305 012) 0.024) 0.14) 0.24) 0.02 
700 63 400 No. 306 No. 505 0.055) 0. 0.03) 0.22) 0.03 
; 65 100 | No. 205 . 205 | No. 20! 0.026 0.07) 0.24) 0.02 
Jo. 206..... | 1480 | 11.2 | 84700 No. 206 No. 0.023) 0.13) 0.25) 0.02 
.207%.... (fence sample, tension tests No. : 0.022! 0.04) 0.24) 0.03 
not made) | 
.102..... | 2110 | 10.8 | 73500 | No. 102 32 : 0.006 0.025) 0.07) 0.24!) 0.02 
.106..... | 2430 3.3 | 83100 | No. 106 .38 0.009 0.027, 0.08, 0.23) 0.02 


@ Analysis of A - 505 made on wire cut from interior of fence 505. 
Analys’s of 207 made on wire cut from top and bottom of fence 306. | ; 


TABLE I- M.—UNCOATED LOW COPPER CONTENT STEEL WIRE SPECIMENS. - 


In Exposure Test as Chemical Analyses of Base Metal, per cent 


Wire Lot 


Load, Ib 
Elongation 
in 10 in., 
per cent 
Strength, 
psi. 
Interior 
Bottom 


Tensile 


110500 No. 5 . .36 | 0.016) 0.016 0.07 | 0.02 
62 200 | No. 0.058 0.024 0.08 0.03 
58 700 | No. 0.011. 0.024 0.05 | 0.01 
64.600 No. .37 | 0.060) 0.025 | 0.03 
97 000 | No. 302 0.009! 0.017. 0.16 0.07 | 0.02 
59606, No. 2 0.010 0.027. 0. 0.06 | 0.02 
94100 No. 202 0.013) 0.018 0.16 | 0.07 | 0.02 
79 500 36 | 0.013) 0.018) 0.15 | 0.06 | 0.02 
93 800 5 13 | 0.65 | 0.008! 0.026 0.05 | 0.01 


— 


a 


a 


2750 


wn 


. 
4 
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tt 
+ | C | Mn| P Si | Cu | Cr 
Ne. 
No. 400..... 70 
‘ No. 401...... 440 
No. 300..... 730 
No. 302.... 1100 
No. 200 1010 
No. 101 
| 
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CHARACTERISTICS OF WIRE IN FIELD ExposurRE TEST 
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TABLE I - N.—UNCOATED CORROSION-RESISTANT STEEL SPECIMENS. 
(All micrographs in this table had an original magnification of 500 diameters and were reduced to 34 of their size 
in reproductions.) 


In exposure test as: , Test results all ob- 
Unfabricated sample No. 001 tained on unfabri- 
All wires of fence No. 001 cated wire sample. 


Breaking load, 1230 lb.; Elongation in 10 in., 3 per cent 
Tensile strength, 141,800 psi. 
Diameter, 0.105 in. 
Chemical analyses of base metal, per cent 
Ni.... 0.26 
Mn... .0.32 co... 
Si. 


4) 0,02 


5, 0.03 
4, 0.02 

4) 0.02 

3 0.8 Wire lot No. 001; Gage, 12 

. pe 12 to 14 per cent Cr—Cold drawn 
4| 0.02 In exposure test as: Test results all ob- 
5} 0.02 Untabricated sample No. 004 tained on —— 
cated wire sample. 


: Breaking load, 2420 lb.; Elongation in 10 in., 3.5 per cent 
23, 0.02 ; Diameter, 0.148 in. 
Chemical analyses of base metal: 
Same as wire lot No. 001” 


Wire lot No. 004; Gage, 9 
12 to 14 per cent Cr—Cold drawn 
In exposure test as: : Test results all ob- 
Unfabricated sample No. 005 tained on unfabri- 
cated wire sample. 


Breaking load, 320 lb.; Elongation in 10 in., 2.1 per cent 
Tensile strength, 140,200 psi. 
Diameter, 0.053 in. 
Chemical analyses of base metal: 
Same as wire lot No. 001 
were 


Wire lot No. 005; Gage, 
12 to 14 per cent Cr—Cold drawn 


id 
? 
: 


TABLE I -N. 


Wire lot No. 002; Gage, 13 
12 to 14 per cent Cr —Air quenched 


Wire lot No. 006; Gage, 10 
12 to 14 per cent Cr—Air quenched 


No micrograph made; intended to be like 


wire lots Nos. 002 and 006. 


Wire lot No. 007; Gage, 18 
12 to 14 per cent Cr—Air quenched 


UNCOATED CORROSION-RESISTANT STEEL SPECIMENS. 


Cont. 


In exposure test as: 
Unfabricated sample No. 002 
All wires of fence No. 002 


Test results all ot 
tained on unfabr: 
cated wire samp 


Breaking load, 1310 lb.; Elongation in 10 in., 4.2 per cent 
Tensile strength, 174, 700 psi. 
Diameter, 0.098 in. 
Chemical "analyses of base metal, per cent 
Cc 0.07 Ni 0.26 
Mn 0.32 
Si 


Test results all o- 
tained on unfabr: 
cated wire sample 


In exposure test as: 
Unfabricated sample No. 006 


Breaking load, 2480 lb.; Elongation in 10 in., 4 per cent 
Tensile stre ngth, 173, 100 psi. 
Diameter, 0.135 in. 
Chemical "analyses of base metal: — 
Same as wire lot No. 002 


Test results all ob- 
tained on unfabr- 
cated wire sampi 


In test as: 
Untabricated sample No. 007 


Breaking load, 280 lb.; E longation i in 10 in., 4.7 per ceat 
Tensile stren gth, 163,700 psi. 
Diameter, 0.047 in. 
Chemica! ‘analyses of base metal: 
Same as wire lot No. 002 
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TABLE I- N.—UNCOATED CORROSION-RESISTANT STEEL SPECIMENS.—Cont. 


In exposure test as: Test results all ob- 
Untabricated sample No. 003 tained on unfabri- 
All wires of fence No. 003 cated wire sample. 


No micrograph made; intended to be like wire ° Breaking load, 1280 Ib.; Elongation in 10 in., 0.5 per cent 
lots Nos. 008 and 009. Tensile strength, 304,800 psi. 
Diameter, 0.073 in. 
Chemical analyses of base metal, per cent $ 
Ni.... 8.73 
Mn....0.31 Cr... 18.70 
ol. 
Wire lot No. 003; Gage, 15 
18 per cent Cr—8 per cent Ni 


rte In sopeemee test as: Test results all ob- 

0 un “a Unfabricated sample No. 008 tained on unfabri- 
ire sampe cated wire sample. 
2 per cent Breaking load, 2510 lb.; Elongation in 10 in., 2.3 per cent 
Tensile strength, 285,600 psi. 
Diameter, 0.106 in. 
Chemical analyses of base metal: 

Same as wire lot No. 003 : 


Wire lot No. 008; Gage, 12 
18 per cent Cr—8 per cent Ni 


In exposure test as: Test results all ob- 
Unfabricated sample No. 009 tained on unfabri- 
cated wire sample. 


Breaking load, 290 lb.; Elongation (kinked when broke) 
Tensile strength, 290,000 psi. 
Diameter, 0.035 in. 
Chemical analyses of base metal, per cent 
Ni 8.71 
Mn 0.31 Cr 18.70 
Si......— 


Wire lot No. 009; Gage, 20 
18 per cent Cr—8 per cent Ni 


ob 
In exposure test as: Test results all ob- 
vire sample } Le eh Untabricated sample No. 015 tained on unfabri- 
cated wire sample. 
J oem Breaking load, 1250 lb.; Elongation in 10 in., 0.8 per cent 
Tensile strength, 240,400 psi. 
Diameter, 0.081 in. 
Chemical analyses of base metal, per cent 

0 Ni.... 9.10 

Mn 0.55 087 

Si......0.40 


Wire lot No. 015; Gage, 14 
18 per cent Cr—8 per cent Ni 


a * 
at 

sults all ol- 
on unfabr 

‘ 


TABLE I - O.—LEAD-COATED SPECIMENS. 

(All micrographs in this table had an orig ginal magnification of 500 diameters and were reduced to 

+, of their size in reproductions.) 
In test as: | Test res 

abricated sample No. 040 tained on 

‘cated wire gs 

Breaking load, 1790 lb.; Elongation in 10 ig 
cent 

lensile strength (figured for coated wire), 61,600 p 
Weight of coating, 1.40 oz. per sq.ft. ; 
Chemical analyses of base metal, per cent 


Cc 0.08 S 0.019 Ni 

Mn 0.32 Si 0.01 Cr 

P 0.018 Cu 0.29 Mo 


Wire lot No. 0.40; Gage, 6 
Coating weight, 1.40 oz. per sq.ft. . 
In exposure test as: Test results all ob 
Untabricated sample No. 041 | tained on unfabr: 
Interior of fence No. 040 cated wire sampk 


Breaking load, 1070 lb.; Elongation in 10 in., 12.8 per 
cent 

Tensile strength (figured for coated wire), 62,400 psi. 

Weight of coating, 1.48 oz. per sq.ft. 

Chemical analyses of base metal, per cent 


Cc 0.06 S 0.019 Ni 
Mn 0.27 Si 0.006 Cr 
P 0.045 Cu 0.23 Mo 


Wire lot No. 041; Gage, 9 
Coating weight, 1.48 oz. per sq.ft. 


In exposure test as: | Test results all ob 
Unfabricated sample No. 042 tained on unfabri 
Barbed wire No. 045 cated wire sample, 

except as noted. 

Breaking load, 670 lb.; Elongation in 10 in., 13.0 per 
cent 

Tensile strength (figured for coated wire), 58,300 psi. 

Weight of coating, 1.68 oz. per sq.ft 

Chemical analyses of base metal, per cent 
c 0.04 S 0.015 Ni 
Mn 0.25 Si 0.01 Cr 
P 0.009 Cu 0.24 Mo 


Weight of coating on barbed wire No. 045, 1.8302. pet 
sq. ft. 


Wire lot No. 0.42; Gage, 11 


Coating weight, 1.68 oz. per sq.ft 


In exposure test as: Test results all e 
Unfabricated sample No. 043 tained on un 
cated wire 


Breaking load, 300 lb.; Elongation in 10 in., 17.1 pet 
cent 

Tensile strength (figured for coated wire), 56,000 psi 

Weight of coating, 1.90 oz. per sq.ft. 

Chemical analyses of base metal, per cent 


0.10 S..... 0.016 
Mn 0.40 Si. 0.008 
0.007 Cu... .0.029 


Wire lot No. 0.43; Gage, 14.5 
Coating weight, 1. 90 Oz. per sq. ft. 


7 
| 
| 
0.06 
q 
PAM ; 
£0.1 
0.02 
<0.02 
is 
‘ =. 
a 
aa 
Ni....<0.1 
— 
4 J 144 


CHARACTERISTICS O IN FIELD ExposurE TEST - 

TABLE I - P—COPPER-COVERED SPECIMENS. 7 
2 nawamine tc tahle had 


wriginal magnification of 350 diameters and were reduced to 
reproductions.) 


In exposure test as: Test results all ob- 
Unfabricated sample No. 021 tained on unfabri- 
Interior of fence No. 020 cated wire, except 
Barbed wire No. €25 as noted. 


Breaking load, 1640 Ib. 
Tensile strength (figured for coated wires), 140,200 psi. 
Weight of coating, 7.42 oz. per sq.ft. 
Chemical analyses of base metal, per cent 
Y 0.18 S 0.017 Ni <0.10 
Mn 2.04 Si 0.250 Cr . 0.06 
P 0.016, Cu... 0.120 Mo....<0.02 


Weight of coating on barbed wire No. 025, 3.97 oz. 
per sq. ft. 


Wire lot No. 021; Gage, 11 
Coating, 7.42 oz. per sq.ft. 


Its all ob 1 exposure test as: Test results all ob- 
“ Unfabricated sample No. 022 tained on unfabri- 


Top and bottom of fence No. cated wire. 
020 


Breaking load, 2320 Ib. 
Tensile strength (figured for coated wires), 133,200 psi. 
| Weight of coating, 9.24 oz. per sq.ft. 
Chemical analyses of base metal, per cent 
0.18 S 0.017 Ni <0.10 
2.04 Si 0.250 0.06 
0.015 Cu 0.110 J <0.02 


Wire lot No. 022; Gage, 9 
Coating, 9.24 oz. per sq.ft. 


4 
| 
Het 
= 
6,000 psi 
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(A) Lead Coating —structure of outer layer (long section). (B) Lead Coating —structure of bonding layer (long 
section). 


Original magnification. 500. Reduced to 34 original size in reproduction. 


To prepare micrographs A and B, specimen was mounted in sulfur without disturbing the surface of the coating, and 
polished with levigated alumina to prepare longitudinal sections. 
A is a photograph of the surface disclosed before reaching the bonding layer (etching reagent: 3 parts acetic acid +! 
part hydrogen peroxide). : 
is a photograph of the surface disclosed by polishing down to the bonding layer (etching reagent: 10 g. chromic 
acid +- 1.5 g. sodium sulfate in 100 ml. of water). 


Cross-section of sample No. B - 022 (copper cov 


ered wire) showing steel core and outer layer “! 
copper coating; 30 per cent conductivity. Original 
magnification: X 25. Reduced to 34 original sizein 
reproduction. 
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_ CHARACTE RISTICS OF WIRE IN FIELD Exposure TEst 


TABLE II.—WIRE STRAND SPECIMENS. 


Weight of Coating, 


. oz. per sq. ft. Preece 
‘Strand@ Dips 


| Stri pping W ithstood 
Test 


. D345 -80 to 0.95 | 0.68-0.69 4-4-4-4-4 
. D346 -80 to 0.95 0.88 6 
. D347 -80 to 0.95 0.87 6 

D348 -80 to 0.95 0.93 5-6-5 


Nominal 


to. D360 -00 to 1. 
D361 .00 to 1. 
vo. D362 ; -00 to 1. 1.02-1.04 


. D365 -30 to 1.5 1.51 
. D366... .30 to 1.5 1.39 
. D367 .30 to 1. §.32 9 


o. D371 .60t0 1.80 1.71 9 
D375 40 to 2. 2.47 


vo. D045 Lead-covered steel, 1.96 
oz. per sy. ft. 


“ All except DO%5 are zinc coated, Siemens-Martin 
yer (long steel. 


TABLE “CH IN LINK FENCE SPECIMENS. 
ating, and | 
| Weight of Coating, 
he oz. per sq. ft. Preece 

Gage Dips 
Withstood 


acid +! 


chromic St 
ripping 
Nominal Test 
Zinc-Coated, Copper-Bearing Steel, Galvanized Before 
Weaving 


No. E280 No 9 0.50 max. 0.29 
No. E281 No.9 0.50 max. 0.52 
No. E282 No.9 0.50 max. 0.37 
No. E185 No. 6 1.20 to 1.50 1.22 
No. E285 No.9 1.20 to 1.50} 1.09-1. 
No. E290 = No. 9 2.40 to 3.00 2.92 
No. E291 No. 9 2.40 to 3.00 | 1.91-2. 
bpper cov" Zinc-Coated, Copper-Bearing Steel, Galvanized After 
Veaving 
inal size No. H280 | No. 0.50 max 1 
No. H185 No. 1.20 to 1.! 1 
No. H186 No. 6 1.20 to 1.5 1 
No. H187 No. 1.20 to 1 
No. H188 No. 1.20 to 1 
No. H285 No. 1.20 to 1. 1 
No. H286 No. 9 1.20 to 1.5 5. 
No. H287 No. 1.20 to 1 
No. H288 No. 1.20 to 1 
No. H289% | No. 1.20 to 1.5 1 
No. H290 No. 2.40 to 3. 4 


1.050 9 Lead-coated stee 1,1.75 oz. per sq. ft. 
K030 0.128d a covered steel, 8.52 oz. per 


$4. 
Joi 14 Uncoated corrosion-resistant steel. 
@ H289: While this sample has an H number, its appear- 


ance indicates that it was galvanized before weaving. 
6 Failed on bend. 


© Initial failure on fourth dip on link bend. 
‘ 4 One specimen failed on bend on second dip 
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METHODS 


_ The methods of testing employed at 
the National Bureau of Standards for 
determining the chemical and physical 
characteristics of the wire and wire 
products under test are given below. 


Chemical Analysis of Base Metal: 

The chemical analyses of the base 
metal of galvanized steel, stainless 
steels, lead-covered steels and copper- 
covered steels were made in accordance 
with the Society’s Tentative Methods 
of Chemical Analysis of Steel, Cast 
Iron, Open-Hearth Iron and Wrought 
Iron (A.S.T.M. Designation: E 30 
36 T).' The analyses included the de- 
termination of the amounts of carbon, 
manganese, phosphorus, sulfur, silicon, 
copper, nickel, chromium, and molyb- 
denum. 

The following notations show the par- 
ticular method of analysis followed in 
instances where alternative methods are 
listed in the specification: 

Basis METAL oF Z1nc-, LEAD-, AND CoppEer- 
COVERED STEELS 


Mn—Persulfate-Arsenite method. 
P —Alkalimetric method. 
S Evolution method. 

Si —Sulfuric acid method. 

Cu —Thiocyanate method? 

Ni —Dimethylgloxime method. 

Cr —Persulfate Oxidation method. 


Mo—Colorimetric method. 
STAINLESS STEELS 
Mn—ZnO— persulfate-arsenite method. 


Si —Sulfuric acid method. 

—Dimethylgloxime method. 

Cr —Persulfate oxidation—potentiometric ti- 
tration. 


11936 A.S.T.M. Methods of Chemical Analysis of 
Metals, p. 1. 

2 See Lundell, Hoffman, and Bright, ‘Chemical Analysis 
of Iron and Steel,” p. 271, John Wiley and Sons, New 
York City. 
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OF TESTING 


The methods for chemical analyses 
of zinc coatings for lead, copper, cad- 
mium, tin, and iron follow: 


Determination of Lead, Copper, Cadmium, 
and Tin in Zinc Coatings of Galvanized 
Wires: 


Take enough wire to give 20 to 25 g. of 
coating. Cut into 10 to 12-in. lengths and 
weigh. Bend the short sections to form a 
narrow U and strip several pieces at a time 
by immersing in 500 ml. of HCl (sp. gr. 
1.19) contained in a 1-liter cylinder. When 
vigorous action ceases and there is no longer 
any black deposit on the wires, immediately 
remove from the acid and wash with water, 
catching the washings in a 1-liter beaker. 
Dry the washed wires and weigh. The 
difference in weight before and after strip- 
ping represents the weight of the coating. 

Transfer the HCl solution of the coating 
to the beaker containing the washings, add 
1 g. NaClOs and carefully evaporate to a 
volume of 75 to 100 ml., taking care not lo 
boil, as tin will be lost by volatilization if 
boiling occurs. A qualitative test for tin 
is made at this point; conveniently made 
on the cooled solution by the flame test.’ 
If tin is found to be present, dilute to 200 


ml. and take a 40-ml. aliquot portion for the 


tin determination,’ and use the remaining 
160 ml. aliquot portion for the determina- 


tion of lead, copper, and cadmium. 


Transfer the 160-ml. portion if tin is 
present, or all of the solution if tin is absent, 


2 A few small pieces of pure zinc are added to 25 mi. 
of the acid solution of coating and immediately the end ofa 
clean test tube, one-third full of cool water, is immer 
in this solution. The end of the test tube, wet with the 
solution of coating, is then held in the hottest part ofa 
bunsen flame. If tin is present the outer surface of - 
test tube will glow with a characteristic blue color. L: e 
blue color is easily seen with 1 mg. of tin in 25 ml. of “ u- 
tion and with a little practice 0.1 mg. may be detected in 
25ml. (The 25-ml. portion used for the qualitative test is 
added to the main solution.) : ‘cally 

4 If tin is detected, itis then determined volumetrica y 
by reduction with granulated lead in HCl solution an 
oxidized with a standard solution of iodine as -— , 
by G. E. F. Lundell and J. A. Scherrer, Journal of - us 
trial and Engineering Chemistry, Vol. 14, p. 426 (1922). 
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to a 600-ml. beaker, add 10 g. tartaric acid, 
NH,OH until the white precipitate of 
Zn(OH)2 just redissolves, and then a 50-ml. 
excess. Heat to 80C. and while stirring, 
preferably with a mechanical stirrer, slowly 
add 20 ml. of (NH4)2 S, solution.® Continue 
stirring for 5 min. Place on a steam bath 
and stir the precipitate every 15 min. over 
a period of 2 hr. and finally let stand on a 
steam bath overnight. 

Filter off the sulfides on a 15-cm. paper 
of close texture, wash the beaker twice 
and the precipitate and paper 4 times with 
a hot solution of NH,4Cl (3 per cent), allow- 
ing the funnel to drain each time. Place 
the filter paper and precipitate in the 
original beaker, add 75 ml. of diluted HNO; 
1:1), and digest on a hot plate until the 
sulfides are decomposed. Filter off the 
paper pulp and sulfur, and wash 6 or 8 times 
with hot water. Evaporate the filtrate 
until salts separate, wash down the sides 
of the beaker, add 25 ml. of HNOsz (sp. gr. 
142) and evaporate nearly to dryness. 
Add 25 ml. HNOs (sp. gr. 1.42) and again 
evaporate to a small volume. Treat with 
30 ml. hot water and, if lead salts do not 
dissolve, add 5 ml. portions of HNOs (sp. 
gr. 1.42), heating after each addition, until 
allsalts are in solution. Cool and neutralize 
with NH,OH. Add 7 ml. of HNOgs (sp. 
gr. 1.42), transfer to a 250-ml. beaker, and 
dilute to a volume of 200 ml. 

Copper and lead are determined in this 
olution by electrolytic deposition as fol- 
lows: Insert the weighed platinum-gauze 
athode and anode, cover the beaker with 
plit watch glasses and electrolyze, prefer- 
ably overnight, with a current of 0.2 amp. 
Rinse off the cover glasses, continue the 
dlectrolysis for about 20 min., and then 
vhile the current is still on, lower the beaker 
and at the same time, wash the electrodes 
ioroughly with water. Rinse the cathode 
vith alcohol and dry for 1 min. at 100C.; 
‘ool, and weigh as Cu. Dry the anode for 
) min. at 110 C., cool, and weigh as PbOs. 

To the electrolyte add 2 g. of tartaric 
acid, 55 ml. NH,OH, heat to 80 C. andadd 


‘Five hundred ml. NH«OH (sp. gr. 0.90), containing 
#0 excess of sulfur is saturated with H2S; 200 ml. NHsOH 
‘ added and H2S is passed into the mixture for 2 hr.; 
te solution is then filtered and 100 ml. NHiOH is added. 
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(NH4)e S, while stirring, until a small 
amount of zinc is precipitated. Allow to 
stand on a steam bath overnight. Filter 
off the sulfides and wash twice with a hot 
solution of NH,Cl (3 per cent). Return the 
precipitate and filter paper to the original 
beaker, add 75 ml. of diluted HeSO, (1:5) 
and digest on the hot plate until sulfides 
are in solution. Filter off the paper pulp 
and sulfur, and wash thoroughly with hot 
water. Dilute the filtrate to 400 ml. and 
pass a stream of HS through the solution 
for 30 min. It may be necessary to add a 
drop or two of NH,OH to start the precipi- 
tation of CdS. Let the precipitate settle, 
and filter through a paper of close texture. 
Wash 4 or 5 times with diluted HeSO, 
(3:97) saturated with H2S. 

Dissolve the precipitate in 25 ml. of 
diluted HgSO, (1:5), filter, and wash thor- 
oughly with hot water. Add one drop 
phenolphthalein indicator and neutralize 
(just to pink) with a solution of KOH 
(15 per cent), cool, and add a solution of 
KCN (10 per cent) drop by drop until the 
Cd(OH)2 just dissolves. Carefully avoid 
an excess. Dilute to 225 ml. and electro- 
lyze, using a weighed platinum-gauze 
cathode and a current of 0.2 amp. At the 
end of 6 or 7 hr., wash the cover glass and 
sides of the beaker and continue the elec- 
trolysis for 20 min. If the newly exposed 
surface of the cathode remains bright, stop 
the current, remove the cathode immedi- 
ately, and quickly rinse with water, then 
with alcohol. Dry at 100C. for 20 min., 
cool, and weigh. 


REFERENCES: 


B. H. Strom, Engineering Mining Journal, 
Vol. 131, p. 465 (1931). 

Hillebrand and Lundell, “Applied Inorganic 
Analysis,” John Wiley and Sons, New York 
City (1929). 

F. Feigl “Qual Analyse mit Hilfe von Tupfel 
Reaktionen,” Acad. Verlag, Leipzig (1931). 


Determination of Iron in Zinc Coatings: 

The iron in the zinc coating was de- 
termined in accordance with the pro- 
cedure outlined in the appendix on “‘De- 
termination of Iron in Zinc (Galvanized) 
Coatings,” to the Standard Methods of 


ae 
VSes 
ad 


Determining Weight and Uniformity of 
Coating on Zinc-Coated (Galvanized) 
Iron or Steel Articles (A 90 — 33). The 
zinc coatings were stripped with diluted 


H2SO, (1:24). 


Methods for Determining Weight of Zinc 
Coatings on Wires: 


Plain Wires.—Stripping tests to de- 
termine the weight of zinc coating, were 
made in HCI (sp. gr. 1.19) containing 5 
ml. inhibitor solution (1 g. antimony 
trioxide dissolved in 50 ml. HCl) to each 
100 ml. of HCl. The specimen, ap- 
proximately 30 in. in length, was cleaned 
with benzol, carbon tetrachloride, and 
alcohol and weighed to the nearest 
0.01 g. The specimen was allowed to 
remain in the stripping solution until 
the violent reaction ceased and was then 
washed in water and wiped dry before 
reweighing. 

The diameter was measured to the 
nearest 0.001 in., the average of two 
measurements at right angles to each 
other being used. Calculations were 
made by the following formula: 


Ounces zinc per square foot of stripped 
wire surface = 163 dr, 
where: 
d = the diameter in inches of stripped 
wire, 
r = original weight — stripped weight 
stripped weight. 


Farm Fence.—-Specimens for deter- 
mining the weight of coating on the farm 
_ fence were cut as short sections of the 
ie wires between the stay wires. In 
this way it was possible to avoid the 
necessity of removing the twist of the 
stay wire from around the line wire and 
the possibility of damaging the coating 
in these portions. Separate results are 
reported on the top and bottom line 
wires. The testing procedure followed 
was the same as for plain wire. 


7 6 1936 Book of A.S.T.M. Standards, Part I, p. 402. 
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Chain Link Fence, Galvanized Befor 
Weaving.—Specimens were cut from 
two picket wires of the chain kink fence 
samples to determine the weight of 
coating, and the results for the indiyi- 
dual pickets as well as the average of the 
two are reported. The procedure for 
testing was the same as for plain wire. 

Chain Link Fence, Galvanized After 
Weaving.—A sample of the fabric 12 by 
12 in. was stripped and the “over-all” 
result for weight of coating reported. 

Barbed Wire.—The barbs were re- 
moved from the specimen before deter- 
mining the weight of coating by strip- 
ping. Both wires were stripped of the 
coating and the average weight reported 
as well as the individual determinations. 
The test procedure was the same as 
for plain wire. 

In determining the weight of coating 
on the sample galvanized after fabrica- 
tion, the barbs were not removed from 
the strand. 

Strand Wires..-Each of seven wires 
constituting the strand sample was 
stripped to determine the weight of 
coating and the weight reported is the 
average of the seven constituent wires. 
The test procedure followed was the 
same as for plain wire. 


Methods for the Preece Testing of Gal- 
vanized Wires: 


Plain Wires.—The copper sulfate solu- 
tion used in determining the uniformity 
of the zinc coatings was prepared with 
analytical cupric sulfate (CuSO,-5H;0), 
the solution having a specific gravity of 
1.186 at 18C. The specific gravity 

ras determined with a _ hydrometer 
calibrated at 15C./4C., and check 
determinations made at intervals. Cu- 
pric hydroxide (CU(OH):) was added 
to neutralize the solution before use. 
The pH (3.33) measurement was made 
with a glass electrode. 

Samples approximately 6 in. in length 
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CHARACTERISTICS OF WIRE 


were cleaned with benzol, carbon tetra- 
chloride, and alcohol. Some that ap- 

ared to be slightly corroded were 
rubbed lightly with magnesium oxide in 
order to remove the corrosion products. 
The wire specimens were tested in lots 
of five. After each 1-min. immersion, 
the specimens were washed in water 
and wiped dry. A “false end point,” 
or premature precipitation of copper, 
appeared on some samples after the 
frst dip. In some instances after the 
scond, third, or fourth dip, copper 
deposits appeared in small dots. The 
solution (maintained at a temperature of 
18C.) was changed after the complete 
test of each set of five specimens. 

Farm Fence.—Preece test results to 
determine the uniformity of coating on 
the farm fence samples are reported 
sparately on the top and bottom line 
wires. A premature end point appeared 
on some samples and was removed by 
tubbing lightly over the metallic copper 
deposit with a fine grade of steel wool. 
The testing procedure was the same as 
for plain wire. 

Chain Link Fence.—Specimens were 
ut from three of the wires in the chain 
ink fence samples for determining the 
iniformity of coating. The samples 
were not straightened prior to testing 
to avoid the possibility of damaging the 
‘ating. In some instances, an initial 
iailure occurred at the bend in the 
specimen before the end point was 
tached elsewhere. The test procedure 
vas the same as for plain wire. 

Barbed Wire.—The two wires were 
sted for uniformity of coating after 
he barbs had been removed. ‘The pro- 
edure followed was the same as for 
plain wire. 

Strand Wires.—Each of the constit- 
went wires in the strand sample was 
sted to determine the uniformity of 
toating. The test procedure was the 
‘ame as for plain wire. 
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Methods for Measuring and Weighing 
“Galvanized Steel Wire’ Weight Loss 
Specimens: 


The specimens for loss-of-weight tests 
were weighed and carefully measured 
at 68C. The diameter measurement: 
were accurate to 0.0005 in. The length 
measurements were accurate to 0.002 in. 
for 6, 9, 11, and 123 gage wires, and to 
0.003 in. for 145 gage wires. All wires 
were weighed in air to the nearest 
0.001 g., and corrected to weight in 
vacuum. 

To remove the wires from the test 
racks, they are cut off as closely as pos- 
sible to their points of welded attach- 
ment at the ends. The removed wires 
are shipped to the testing laboratory 
where approximately an inch is removed 
from each end, the ends faced in a lathe, 
and the length of the wire then measured 
with the same accuracy as that employed 
in the original measurement when the 
wire was slightly longer. For purposes 
of calculation, it is assumed that, if the 
original wire was just 42.5 in. long and 
the same wire returned and trimmed is 
just 39 in. long, the original weight of 
the shortened length is 39/42.5 of the 
weight of the 42.5-in. length. 

After the length measurement is made, 
the wire is cleaned by immersion in a 
sulfate- and chloride-free solution of 
chromic acid (200 g. CrO; per liter), 
rinsed in running water, wiped dry, 
weighed in air to the nearest 0.001 g., 
and corrected to weight in vacuum. 


Methods for Measuring Thickness of Zinc 
Coatings on Plain Wires: 


The minimum and maximum thick- 
ness of the coating was measured on the 
polished metallographic specimen used 
for microscopic examination. This was 
a cross-section of the wire perpendicular 
to the longitudinal axis of the wire. 
The image was projected on the ground 
glass of the metallographic microscope 


rom 
ance 
of 
livi- 


so as to produce a linear magnification 
of 1000 diameters and measured with a 
scale graduated to 7g in. In each case 
the iron-zinc alloy layers were con- 
sidered as part of the coating in making 
the measurement of the thickness of the 
coating. 


Methods for Mounting, Polishing, and 
Etching of Specimens for Photomicro- 
graphs: 


Linc-Coated Wéires.—All specimens 
were mounted for polishing in Lucite (a 
transparent plastic material) except 
samples Nos. B-149 and B-215 which 
were copper plated electrolytically prior 
to mounting. Samples were cleaned 
with alcohol before mounting. A pres- 
sure of 4000 psi. was applied and the 
temperature raised to 120C. in the 
mounting procedure. The temperature 
dropped to 70 C. under pressure before 
demounting. 

After mounting, the sample was 
_ rubbed down on Nos. 1, 0, 00, and 000 
emery paper. Then it was polished 
dry on a satin cloth-covered wheel with 
K5XM Aloxite brand abrasive. Polish- 
ing was continued with the wheel re- 
volving at a very moderate rate, until 
previous scratches had been removed. 
_ The sample was then polished by hand 
on a chamois by using a “Grade A extra 
fine” buffing powder. Polishing was con- 
tinued until scratches from the preced- 
ing step were removed in the coating only. 
_ The Palmerton reagent (20 g. chromic 
acid, 1.5 g. sodium sulfate, 100 ml. dis- 
tilled water) was used for etching. The 
specimen was rinsed in a solution of 20 
g. chromic acid, 100 ml. of water after 
etching and then washed in a stream of 
tap water. 
Copper-Coated Wires.—Samples_ of 
copper-coated wire were mounted in 
Bakelite (2000 psi. at 135 C.) and pol- 
ished by hand on emery papers of de- 
creasing abrasive grit size. From the 
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finest emery paper, the specimen was 
polished wet on the broadcloth-covered 
wheel with alumina and finished on the 
automatic polisher  (velvet-covered 
wheel) with rouge. The following etch- 
ing reagent was used: 10 g. ferric chlo- 
ride, 30 ml. HCl (sp. gr. 1.19), 120 ml, 
alcohol. 

Lead-coated W ires.—Lead-coated sam- 
ples were mounted in molten sulfur 
which was allowed to solidify in place. 
The grinding was done by using kerosine 
saturated with paraffin on the emery 
papers as a lubricant. Polishing was 
carried out on a velvet cloth wheel with 
a suspension of a fine buffing powder 
(Aloxite, Grade A) in a soap solution. 
A solution of 1 part glacial acetic acid, 
1 part HNO; (sp. gr. 1.42), and 4 parts 
glycerol (by volume) was used for etch- 
ing, the surface being lightly swabbed 
once with the solution and then washed 
in water. 

Stainless Steel Wires.—The samples of 
stainless steel wire were mounted in 
Bakelite and polished for microscopic 
examination. After grinding the speci- 
men down on emery papers, the polish- 
ing was carried out in two steps: first, 
using levigated alumina on broadcloth, 
and, second, finishing with rouge on 4 
velvet cloth. Ammonium persulfate 
was used with an electrolytic etch. 
Contact was made on the wire by drill- 
ing the mounting material opposite the 
polished surface. The specimens were 
repolished and re-etched several times. 


Methods for Determining Breaking Load, 
Tensile Strength, and Elongation of 
Plain Wires: 


Breaking Load.—The Amsler testing 
machine was used in determining the 
tensile strength and elongation of the 
wire. Flat surface wedge grips were 
used in testing the stainless steel wire 
samples and Templin grips for the sam- 
ples of larger gage size. 
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The stainless steel and the smaller 
gagesize samples frequently broke within 
the grips. A wrapping of emery cloth 
around the portion of the sample within 
the grips was necessary in order to cor- 
rect this difficulty. It was necessary 
in many instances to test ten or more 
specimens from the same coil of wire in 
order to obtain three in which the frac- 
ture occurred within the middle third of 
the gage length. The value reported 
in the table is the average of three 
having the fracture within the middle 
third. 

Tensile Strength—Two calculations 
were made for the tensile strength of 
zinc-coated samples. In one the di- 
ameter of the stripped wire was used, 
and in the other, the diameter of the 
coated wire. An average of three speci- 
mens having the fracture within the mid- 
dle third is reported. 

Elongation.—Elongation, to the near- 
est 0.01 in., was measured on a gage 
length of 10 in. on each specimen. The 
gage length had been marked on it with 
crayon and not with punch marks, which 
would have tended to localize the frac- 
tureat such points. The elongation re- 
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ported is the average of three specimens 
having the fracture within the middle a 
third of the gage length. The moving 
head of the testing machine is operated 
at a speed of 0.1 in. per min. 


Methods of Making Wrap Tests on Plain 
Wires: 


The wrapping test to determine the 
adhesion of the coating to the base 
metal was made by twisting the wire 
into a helix. The sample, after being 
bent sharply into a U shape, was clamped 
in a lathe with one arm centered and one 
arm projecting outward. The wire con- 
stituting this arm was then wrapped 
approximately fifteen turns around the 
centered wire with the lathe turning at 
a speed of 14 revolutions per minute. 
Just enough pressure was applied to 
cause a close wrap of the wire, a piece 
of wood being used to assist in holding 
the six and nine gage wire in place. 
The smaller size was held by hand with- 
out any other support. 

Examination of the specimen was 
made with the unaided eye and the 
binocular microscope at a magnification 
of six diameters. 
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REPORT OF WIRE INSPECTION COMMITTEE ON FIELD TESTS OF 
WIRE AND WIRE PRODUCTS 


Nore.—-Reference to the concurrently pub- 
lished final report of the referee analyses! made 
at the National Bureau of Standards will be 
helpful in certain studies of this report. The 
concurrent report presents detailed critical 
data not shown in this report, including: (1) 
chemical analyses of the base metal of the wires; 
(2) chemical analyses of the zinc coatings for 
impurities; (3) microstructure of the coatings 
(zinc, lead, and copper) and of the base metal 
of stainless steel specimens; and (4) wrap tests 
and Preece tests of the zinc coatings. 


This report presents the results of 
the atmospheric corrosion tests on wire 
and wire product specimens after ex- 
posure for about two years at each of 
eleven locations. Table A outlines the 
main features of the exposure tests, that 
is, the locations, magnitude and nature 
of the specimens chiefly involved. 

The extent of corrosion on specimens 
is being measured by the following: 

1. Visual examination at the test loca- 
tions either semi-annually or annually, 
depending on the corrosiveness of the 
test site atmosphere. At the time of 
inspection, records are made of the ap- 
pearance of every wire and wire product 
sample at each test site. The rec- 
ords are 

(a) Qualitative descriptions prior 
to the time of the appearance of rust 
or rust-resembling corrosion products; 
that is, the samples are noted as ap- 
pearing “metallic,” “gray,” “brown,” 

“black,” etc. 

(6) Quantitative estimations after 
the appearance of rust or rust-like 
corrosion products. Estimates are 


1See p. 101. 


made of the percentage of area in 
each sample that has actually rusted 
and the percentage that is “yellowed,” 
seemingly by iron corrosion products, 
but has not yet shown actual rusting 
of the base metal. 


2. Tension tests on the unfabricated’ 


wire specimens. These are the speci- 
mens exposed in heptads, that is, seven 


samples taken from the same lot of wire 


and supposedly alike. The plan calls 
for removing and testing the first speci- 
men of each heptad when it has lost 
5 to 10 per cent of its strength; the 
seventh sample, when it has lost some 
75 per cent of its strength; and the inter- 
mediate five samples when they have lost 
suitable proportions of their strength. 

The records of progressive loss of 
strength of the unfabricated wire sam- 
ples will afford an indication of the rate 
of loss of strength of the wires in the 
farm fence and barbed wire specimens, 
because wire from nearly every lot used 
in the fabrication of the fences and 
barbed wires is also under test as un- 
fabricated wire. 

3. Loss of weight tests to be made on 
lengths of zinc-coated wire (each about 
42 in. long) carefully weighed and meas- 
ured before exposure. There are 144 
wires (16 alike of each of 9 wire lots) 
exposed at each of the locations of Pitts- 
burgh, Sandy Hook, and State College. 
These wires originally carried weights 
of coating of 0.66 to 1.04 oz. per sq. ft. 
Plans call for the specimens at each 
location to be removed one-fourth at 4 
time—the first quarter when they have 
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lost a relatively small percentage of their 
coating; the last quarter when most of 
the coating has gone but before sig- 
nificant rusting has occurred; and the 
intermediate two one-quarter lots when 
they have lost suitable proportions of 
their coating. The method being used 
for preparing the returned specimens 
for weighing involves cleaning by a 


— 


Exposure Sites 


State College, Pa 


Ames, 
Manhattan, Kans 
College Station, Tex 
Davis, Calif 
Santa Cruz, Calif 
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TABLE A.—OUTLINE OF EXPOSURE TESTS. 
Locations, Magnitude, and Nature of Specimens Chiefly Involved. 


included in analyses of data pertaining 
to the losses of coating weight. The 
tested samples are not returned to the 
exposure plots. 


Inspection Procedures and Methods of 
Testing Removed Wires: 


Inspections at Bridgeport, Sandy 
Hook, Pittsburgh, and State College are 


Approximate Number of Specimens at Each Site 


| | 


Farm | Barbed | Unfabricated | 7-Wire o- 
Fence* | Wire* Wire? Strand read 
None None 120 13 20 
None None 120 13 20 
3 None 120 13 20 
72 23 120 


Base Metal and Coatings 


Division of the 72’s, 23’s, 120’s, 13’s and 20’s as Regards 
Base Metal and Coatings 


Coy 


Corrosion-resistant steel 
Tinc-couted steel 


Approximate weight of coating range, oz. per sq. ft......... | 


Gages involved 


andy Hook, and at State College. 


‘hromic acid solution which removes all 
‘Né corrosion products of zinc but does 
wt remove the elementary metals. 
Ammonium citrate has been used in a 
‘W cases on severely corroded samples 
 temove the iron rust, and while the 
reight loss tests on such samples may be 
ported the results are not ordinarily 


CHARACTERISTICS OF THE ZINC-COATED SPECIMENS 


* In the fabrication of each specimen of barbed wire and farm fence, wire of a known lot number was used. Wire 
tom each of these known lots (with a few exceptions) is also under test as unfabricated wire specimens. f 

Also referred to as tensile strength specimens. The numbers shown in this column are the number of wire lots; 
ictually there are 7 specimens of each wire lot exposed at each location, that is, 840 (or 833, or 798) specimens. In addi- 
on to these some 800 wires at each location, there are 144 additional ‘Loss of Weight’ specimens at Pittsburgh, at 


2 19 0 
1 2 0 
1 4 1 
0 10 0 
9 2 


85 
84 for 119’s 
79 for 114’s 


made twice a year by a travelling com- 
mittee, the visits being simultaneous 
with those of the hardware and sheet 
inspections of Subcommittee VIII of 


Committee A-5. The inspections at the 


other seven sites are made only once a 
year (usually in October) because none 
of these locations has an atmosphere 
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sufficiently corrosive to justify semi- 
annual inspections. Although the State 
College specimens might also be in- 
spected only once a year, this location 
has thus far been visited semi-annually 
to afford illustrative information on the 
rate of corrosion at the other seven rural 
sites. These latter sites now appear to 
resemble State College in the corrosive- 
ness of their atmospheres. 

The annual inspections at the seven 
test sites established at Universities in 
1936 are made by the resident university 
people in charge of the test plots. At 
the present time the men accepting these 
responsibilities at the various loca- 
tions are: 


Davis, Calif., and 
Santa Cruz, Calif. 

er College Station, Tex. 

Henry Giese...........Ames, Iowa 

Manhattan, Kans. 

I. D. Mayer...........Lafayette, Ind. 


B. A. Jennings...... ..Ithaca, N. Y. 


In order to help these men orient their 
judgment so that they will appraise 
corroding specimens in a manner similar 
to the veteran inspectors of Subcom- 
mittee VIII of Committee A-5, written 
instructions were sent to them. Also, 
a meeting was arranged at Lafayette, 
Ind., on December 3, 1937, at a time 
when a convention of the American 
Society of Agricultural Engineers was 
drawing to a close in Chicago, and most 
of the men were available to go to nearby 
Lafayette. At this meeting, several 
hours were spent in inspecting samples 
together in the interest of developing 
a uniform understanding. 

Up to April 1, 1939, inspections and 
removal of tensile strength specimens 
have been made as shown in Table B. 
The tensile strength specimens are pieces 
of straight wire 42 in. long, positioned 
horizontally on supporting frames. 
Twenty to thirty of these wires arranged 
like the bars of a grating are attached 
to each frame by welding at their ends. 


REPORT OF COMMITTEE A-5 


Wire Removal Procedures: 


A scheme has been devised for re- 
moving the tensile specimens from the 
frame and shipping them to a testing 
laboratory. The scheme involves cut- 
ting the wires off the frames, putting 
each removed wire in a 3-in. diameter 
cardboard tube, and enclosing several of 


TABLE B.—INSPECTIONS AND REMOVALS OF 
TENSILE STRENGTH SPECIMENS UP TO 
APRIL 1, 1939. 


of 
ires 
Removed | Weights of 
2 Zinc 
7 | Coati 
Location AS Wires. 
3 a 5 oz. $q. 
Simialals 
Pittsburgh, Pa®....| 7/370.68} 0 | 0 
10/37 0.97) O 
4/38 1.48) 19 | 4 | 36 | 0.25 to 0.55 
an ae 19 | O | 42 | 0.25 to 0.78 
Sandy Hook, N. J..|10/370.93, 0 
4/38 1.44, 19 | 4 | 19 | 0.25 to0.40 
10/38)1.90 11/0 3 0.25 
Bridgeport, Conn?.| 7/370.66 0) 0 | Q|.......... 
4/38.1.36 19 | 4 | 13 | 0.25 to 0.30 
10/38 — 7| 0 6 0.25 
State College, Pa...|10/370.841 0| 0 0}. 
4/38.1.30 19| 4 | 0 
10/38,1.841 3| 0 | 


Inspections were made in 1937 and 1938 in the fall or 
early winter at the following: 


Location Exposure, Yr. Wire Removals 
Ithaca, N. Y........1.01 1.90 No wires were taken at 
Lafayette, Ind......0.99 1.99 the first inspection. 
Ames, Iowa.........0.91 2.12 At the second inspec- 


Manhattan, Kans...0.89 1.86 tion 19 bare steel wires 

College Station, were removed at ¢ 
0.83 1.83 location. No zinc- or 

1.94 lead-coated wires were 


taken. 


these small tubes in a mailing tube for 
shipment. Before any wire is cut off, an 
adhesive tape label is attached to It 
which identifies it as regards test site, 
gage of the wire, and weight and nature 
of its coating (if any). 
The schedule of removing specimens 
for tensile testing was not prearranged 
in the planning of the tests. The re 
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moval periods have to be worked out to 
ft the condition of corrosion at the 
diferent sites. Thus removals at rela- 
tively short intervals are required for 
Pittsburgh but not for certain rural 
sites. The dates of first removals have 
to be judged largely from the appearance 
of the wires—ordinarily the first inspec- 
tion date after the initial appearance of 
rst. The succeeding removal dates 
are judged from records already accumu- 
lated for any heptad. 


laboratory Methods of Examining Wires: 


Breaking load and elongation tests of 
the tensile specimens are made with an 
Amsler testing machine. Flat surface 
wedge grips are used in testing the 
stainless steel wire samples, and Templin 
grips are used for the samples of larger 
gage size. Certain wires tend to break 
within the grips. A wrapping of emery 
doth around the portion of the sample 
within the grips is employed to minimize 
this difficulty. 

Elongation, to the nearest 0.01 in., 
ismeasured on a gage length of 10 in. 
meach specimen. A 10-in. gage length 
marked on the wire with crayon and 
notwith punch marks, which would tend 
‘0 localize the fracture at such points. 

In making tensile and elongation 
ests of wires removed from the test 
tacks, each wire is cut into three pieces 
proximately 13 in. long. The results 
ported are the average of the three 
tests, 

The specimens for loss of weight tests 
ere weighed and carefully measured at 
’C. The diameter measurements were 
“curate to0.0005 in. The length meas- 
“ements were accurate to 0.002 in. for 
9, 11, and 123} gage wires; and to 

03 in. for No. 143 gage wires. All 
"tes were weighed in air to the nearest 
M1 g. and corrected to weight in 
vacuum. 


To remove the wires from the test 


racks, they are cut off as closely as pos- 

sible to their points of welded attach- 

ment at the ends. The removed wires 

are shipped to the testing laboratory 

where approximately an inch is removed © 

from each end, the ends faced in a lathe, 

and the length of the wire then measured 

with the same accuracy as that employed 

in the original measurement when the 

wire was slightly longer. For purposes 

of calculation, it is assumed that if the 

original wire was just 42.5 in. long and 

the same wire returned and trimmed is 

just 39 in. long, the original weight of 

the shortened length was 39/42.5 of the - 

weight of the 42.5-in. length. 
After the length measurement is made, 

the wire is cleaned by immersion in a 

sulfate and chloride-free solution of 

chromic acid (200 g. per liter), rinsed in. 


running water, wiped dry, weighed in 
air to the nearest 0.001 g. and corrected 
to weight in vacuum. 7 


Findings from Visual Examination for 
Corrosion at the Test Plots: 


Tables I, II, III, IV, and V show the 
detailed results of inspections for cor- 
rosion respectively of unfabricated wire, 
barbed wire, farm field fence, chain-link 
fence, and strand. At the time of the 
present report, the results of inspections 
of the unfabricated wire provide the most 
indicative information because they 
comprise the greatest variety of samples 
and are under test at every location. 
(Farm fences also provide a wide range of 
samples but are not included in the most 
corrosive test plots—Pittsburgh, Sandy 
Hook, and Bridgeport.) The following 
facts and indications are shown by the 
visual inspections to date: 

1. Zinc-Coated S pecimens.—Extensive 
rusting has occurred at Pittsburgh in 
two years, and some at Sandy Hook and 
Bridgeport. The wires rusted at Pitts- 
burgh involve those carrying coatings 
up to about 0.8 oz. per sq. ft.; at Sandy 
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Hook, 0.45 oz. per sq. ft. (and lighter) 
coated samples; and at Bridgeport, 0.35 
oz. and lighter coated samples. The 
extent of rusting at these three locations 
is shown in the Progressive Development 
of Rust curves of Fig. 1, and in the 


oO 


a 
oO 


s Sandy Hook 
10.28 Group 


Percentage of Area Covered with Rust 


S/ H \Bridgeport 
roup 
LH i Sandy Hook 
0.30 Group 
0 
05 1.0 15 2.0 25 3.0 


Exposure Time, yr. 
(Average time for samples of any group 
to rusf to the extent indicated) 


Fic. 1.—Progressive Development of Rust on 
Zinc Coated Unfabricated Wires. 


Groups, in which some (but not all) of the samples 
are rusted, not included in Fig. 1 are: 


aun Number of | 
Weminal- | Coat-| “emotes Condition as 
| ing, Compared to Above 
P, ft, Per) = | Curves 
per sq. it. t 3 4 
tela 
Pittsburgh Groups 
0.50 00.60; 0.56 5 4 | About the same or 
slightly more rusted 
than 0.47 oz. per sq. 
ft. group. 
0.60t00-70| 0.65 12 6 Less rusted than any 
7 group shown. 
—0.70t00.85, 0.75 10 6 About the same as 
Sandy Hook 0.30 oz. 
per sq. ft. group. 


Sandy Hook Group | 
0.35 to0.45| 0.38 7 6 Less rusted than any 
| group shown above. 


Bridgeport Group 
0.25 to0.35) 0.30 8 3 


‘All other groups at all locations are free from rust. 


Less rusted than any 
group shown above. 


information listed under the figure. 
These curves and information are a con- 
densed graphic exposition of data listed 
in detail in Table I. 
The method used to derive the curves 
of Fig. 1 is the following: 
Consider one group at a time, for 
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example the Pittsburgh 0.28 oz. per sq, 
ft., group which contains six specimens, 

Examine the individual records of 
each of the six samples, and for each 
specimen write down the length of time 
required to rust to the extents of 3, 10, 
25, 50, 75, and 100 per cent. This in- 
volves interpolation between the inspec- 
tion periods. 

Average the estimated times to rust 
3, 10, 25, etc., per cent, and plot curves 
from these averaged figures. 

This method is somewhat different 
than the one which has generally been 
used in the sheet inspection reports of 
Committee A-5. The new method pro- 
duces steeper curves and provides a truer 
engineering picture of the average per- 
formance of specimens. 

In the cases of zinc-coated wires which 
have not yet developed rust—even those 
in the same weight of coating classes— 
there are characteristic tendencies for 
some to become grayed in appearance 
after a relatively short exposure and for 
others to retain a metallic or bright 
appearance. Reference to the micro- 
graphs in the concurrently published 
report of the referee analyses indicates 
that generally: those remaining bright 
have no zinc-iron alloy layers in their 
coating, or else have these layers well 
covered with surface layers of zinc; those 
becoming gray early have little or no 
surface zinc layer. This tendency to 
become gray early should not be inter- 
preted as a forecast of early development 
of rust. 

2. Copper-Covered  Specimens.—No 
rusting of these wires has occurred at 
any location in two years. 

3. Lead-Coated Wires—All of the 
lead-coated wires at all locations have 
developed a rusted or rust-like appear 
ance. The discoloring iron corrosion 
products have been reported in all cases 
as appearing in patterns of speckles, 
seemingly at pinhole points in the coat- 
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ings. In field inspections of these lead- wire has a rough surface which has be- 
come discolored by the spread of the iron 


TABLE C.—A LISTING TO ILLUSTRATE CERTAIN Hee sAnsTIES AND TRENDS OF THE 
TENSILE STRENGTH DA 


Lots of zinc-coated steel wire for which two ae have been made. 


Caption Abbreviations: 


So(a) First tensile strength test of unexposed specimens. 
So(b) ~Second tensile strength test of unexposed specimens. 


So Average of So(a) and So(b). 


S: —Tensile strength of specimen removed after about 1/4 yr. 
S: —Tensile strength of specimen removed after about 2 yr. 
Ri Per cent of rusted area on specimen removed after about 1! yr. 
R: —Per cent of rusted area on specimen removed after about 2 yr. 


Load, Ib. | per cent 


Wire Lot 
So(a) | So(b) | s 


Per Cent Rusted 


Ri 


So So 


1. First Removats UNrustep; Seconp Removats Usuatty PartLy Rustep. 


1.1 Pittsburgh 


‘tent of actual corrosion of the base 
nétal. This is particularly true if a 


DL ccckscahewasiesienneee 780 790 815 +1.3 +4.5 0 0 
1640 1590 1570 —3.0 —4.3 0 2 
ad 1150 1110 1170 —3.5 +1.7 0 6 
1650 1630 1635 —1.2 —0.9 0 7 
NSS Ra 720 710 | 750 —1.4 +4.2 0 13 
1120 1135 —3.5 —2.3 0 28 
280 285 +3.7 +5.5 0 56 
2610 2560 +2.8 +0.8 0 72 
520 460 +2.0 —9.8 0 97 
820 | 780 —6.8 | —11.4 0 98 
1.2 Sandy Hook removals 
280 290 250 | 290 | —12.3 | +1.7 0 | 30 
500 | 500 490 | 510 | —2.0 | +2.0 | | 33 
| 320 | 330 | 290 | 310 +3.1 95 
1.3 Bridgeport removals 
630 600 600 685 | —2.4 +11.4 0 1 
840 820 830 835 0 +0.6 0 4 
500 500 510 530 | +2.0 +6.0 | 0 5 
280 290 260 290 | +8.8 +1.8 0 13 
320 330 300 320 | —7.8 —1.5 | 0 16 
570 575 550 600 —4.0 —4.7 0 21 
2. First REMOVAL PartLy Rustep; Seconp 100 Per Cent Rustep (ALL rrom PitTsBuRGH) 
SL See 1840 1785 | 0 —3.0 1 100 
0. 780 805 750 2 100 
‘0 460 475 | -8.0 | -—S5.0 2 100 
0 670 610 —4.3 | —12.9 8 100 
| 1600 1530 —1.8 —6.1 52 100 
840 820 790 760 | —4.8 —8.5 66 100 
370 370 —17.5 —17.5 66 100 
1110 1160 1110 1070 —2.2 —5.7 &1 100 
1080 1080 1060 1080 —-1.9 | 0 94 100 
2690 | 2740 2650 2505 —0.6 —5.9 97 100 
3. Born Removats 100 Per Cent Rustep (ALL FroM PITTSBURGH) 
280 | 290 210 «| 205 | —26.3 | —28.1 | 100 100 
320 330 20 | —26.1 | | 100 100 
See 570 | 575 470 | 465 —18.0 | —18.8 | 100 100 
630 600 560 555 —7.3 —9.7 100 100 
ee 890 910 | 770 820 —14.4 —9.0 100 100 
215 1200 1220 1100 —9.9 —9.9 100 100 
2230 2200 | 2090 2090 —5.7 —5.7 100 | 


corrosion products originating at pin- 
holes. A better seasoned judgment on 
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these lead-coated wires will be provided 
by future tests on the tensile strength 
of removed specimens. 

Uncoated Corrosion-Resistant Steel 
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veloped superficial yellow or rust dis. 
colorations. The 18 per cent chromium, 
8 per cent nickel wires have generally 
remained bright or metallic colored. 


TABLE D.—LOSS OF STRENGTH SHOWN BY EXPOSED UNCOATED STEEL WIRES. 


| 


An analysis of certain significant data shown in Table Vi. 


Pittsburgh, Pa. 


Sandy Hook, N.J. | Bridgeport, Conn. | State College, Pa. Original 
Exposure 


Exposure | 


r Gage Wire Lot Exposure | xposure Breaking 
| 1.48 yr. | 1.94 yr. | 1.44 yr. | 1.90 yr. | 1.45 yr. 1.91 yr. | 1.30 yr. | 1.76 yr.| Ib 

1. CoppeR-BEARING SPECIMENS 
1.1 Loss of strength, lb. 
«14.5 170 185 130 130 110 90 70 520 
185 | 215 135 155 105 105 95 | 85 595 
115 115 95 75 85 65 485 
100 100 90 70 70 40 a Ses: 470 
| 215 165 135 | 160 1085 
| 120 105 100 85 710 
6 285 | 290 235 2095 
1.2 Loss of strength, per cent per year 
21.5 18.5 16.6 | 13.4 9.2 $3.7 
15.2 11.5 13.5 7.9 10.9 5.8 
1.3 Calculated Diameter Decreases, iain for Above Losses of Strength, in. per yr. 
& | 0.0087 0.0074 | 0.0065 0.0052 | 0.0050 | 0.0035 0.0049 
0.0074 0.0056 0.0066 0.0038 | 0.0053 0.0027 0.0048 
0.0078 0.0048 0.0055 0.0043 | 0.0033 |........ 
| 0.0060 | 0.0056 | 0.0058 |......... 0.0050 |......... 0.0034 
2. Low-Coprer CONTENT SPECIMENS 
2.1 Loss of strength, Ib. 
14.5 Sone , 180 195 110 | 120 80 115 | 60 55 [ $00 
12.5 | | 120 110 9 70 80 50 480 
130 | 115 80 70 70 | 450 
11 No. 150 | 135 100 90 740 
6 No. 101. 315 310 2315 
ae 360 375 260 230 180 2760 
2.2 Loss of Peon per cent per year 
24.2 20.0 | 15.3 12.6 10.9 12.0 | 9.2 6.3 | 
11 7.7 
9 
6 4.6 
0.0080 0.0060 | 0.0049 0.0042 0.0047 0. 0036 | 0. 0024 J. 
0060 | 0.0062 0.0038 0.0055 0.0026 0.0044 Je 
0.0068 | 0.0071 | 0.0046 | 0.0059 |......... 0.0047 
0.0090 | 0.0071 | 0.0058 |....... 0.0045 


Wires.—No significant corrosion of these 
wires has developed at any location in 
However, some of the 12 to 
14 per cent chromium wires have de- 


two years. 


Findings from Specimens Removed for 
Tension Tests: 
Table VI shows the detailed results of 
the tension tests on all removed wire 
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Before listing the indica- 


specimens. 
tions afforded by these data, certain 
peculiarities may be cited which have a 
bearing on the interpretation of the data. 


Peculiarities of the Tensile Strength Data: 


1. A few bare wires removed from each 
of the locations: Manhattan, Kans.; 
College Station, Tex.; Davis, Calif.; and 
Santa Cruz, Calif., after exposure of two 
years were found to be a few per cent 
stronger than their companion samples 
which had been tested in the laboratory 
andnot exposed. ‘This condition did not 
obtain for any bare wire specimens ex- 
posed at any of the other seven test 
locations. 

2. In the majority of cases of bare 
wire and zinc-coated wire lots, when two 
sets of removals have been made, the 
specimen of the second removal was 
found to be stronger than that of the 
frst. Table C segregates all the cases 
involving two removals of lots of zinc- 
coated wire (compare columns S, and 
‘:); and Table D shows the double re- 
movals of bare wire (compare the paired 
columns for each location under para- 
graphs 1.1 and 2.1). 

When the above peculiarities were 
noted, an effort was made to discover 


their cause and significance. Possible 
explanations are: 
(a) Chance’ variation. Tensile 


strength tests on individual lengths of 
wire cut from the same coil may vary 5, 
oreven 10 percent. A recently removed 
specimen may test stronger than was 
expected; but by chance, it may have 
een stronger than its earlier tested com- 
panion samples. It may have lost some 
strength but not-enough to overbalance 
the amount by which it was originally 
stronger, 
(b) A small actual gain in strength 
due to a natural aging action. 

To discover if the strength changes 
vere due to a natural aging action, sam- 
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ples of 32 wire lots were retested in 
April, 1939, the test specimens being 
cut from the same coils as those furnish- 
ing the specimens used for the original 
strength tests in November 1937. (The 
1937 testing date was approximately 15 
months after fabrication of the wires.) 
Some of these results are shown in Table 
C in the columns headed S)(a) and 
So(b); other results may be found in 
Table VI. Following is a résumé of the 
comparison of the two sets of tests: 

6 wires showed no change. 

7 wires showed a loss—average: 2.0 

per cent. 

19 wires showed a gain—average: 3.0 

per cent. 

Only 2 wires of the 32 showed 
changes of more than 5 per cent, one a 
gain of 6.9 per cent, and the other a 
gain of 5.3 per cent. 

(c) Asmall actual gain in strength due 
to work hardening. This might have 
been caused by the straightening opera- 
tion used to prepare the specimens for 
welding onto the test racks (reported to 
have been a very mild operation); or it 
might have been caused by vibration of 
the specimens on the racks, or by their 
expansion or contraction due to tem- 
perature changes. 

(d) Position of exposure on the test 
racks. A possible explanation of why 
the second set of removals is stronger 
than expected may be that it is a result 
of their position of exposure on the test 
racks. All of the wires in the first re- 
movals were cut from frames on the west 
sides of racks at Pittsburgh and at 
Bridgeport, and from the east sides at 
Sandy Hook; in the second set, they 
were taken from the opposite sides of the 
racks at each location. There is evi- 
dence that there is generally a little more 
rapid tendency for corrosion on the west 
side of the test racks than on the east, 
except in the case of Sandy Hook where 
the east side corrosion tends to lead the 
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west side action. 
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This possible explana- 
tion is offered in this report for its sug- 
gestive value of future observations to 
be made. 


The above discussed peculiarities of 


some removed specimens testing stronger 
than expected do not appear to be very 
serious or disconcerting as regards the 
general interpretation of present and 


future test results. 


They merely in- 


dicate the need for a little conservatism 


procedure to intercompare the strength 
losses per year shown by the zinc-coated 
wire after base metal rusting starts with 
the strength loss per year shown by the 
uncoated steel wires. Direct compari- 
son, of course, can be made only between 
wires of the same gage exposed at the 
same location. 

The method chosen for these inter- 
comparisons in Tables D and E is the 
showing of calculated diameter decreases 


TABLE E.—LOSS OF STRENGTH SHOWN BY ZINC-COATED STEEL WIRES EXPOSED AT PITTSBURGH, PA 
An analysis of the data shown in Table VI for coatings of 0.20 to 0.35 oz. per sq. ft. at Pittsburgh. 


Exposure Exposur Exposure Exposure 
1.48 yr. 1.94 yr. - 1.48 yr. 1.94 yr 42 

; ay a | 

No. 510 0.28” 0 | 0.74 4 | 500 | No. 316...... 0.28 | 25 | 0.74 65 | 1135 
0.88 75 1.34 80 285 0.49 45 795 
0.98 85 1.44 90 325 0.88 | 110 1.34 110 1210 
No. 410. 0.83 105 1.29 110 575 No 216...... 0.18 | 30 0.64 100 1630 
No. 411 0.63 55 1.09 60 615 > 0.43 | 20 0.89 1080 
No. 412 0.23 40 0.69 70 830 me $05...... 0.83 | 65 1.39 210 2715 
1.03 130 1.49 80 900 0.73 | 125 1.29 125 2215 

—Loss of Strength, per cent per | ecreases, Accounting for 
year since rusting began Gage ; served Strength Losses, in. Gage 
7 per yr. since rusting began 

No. 500’s...... 19.4 18.0 14.5 No. 500’s 0.0080 0.0074 14.5 
No. 400’s...... 20.5 12.0 12.5 No. 400’s 0.0089 0.0060 | 12.5 

No. 300’s. 10.9 8.4 11 No. 300’s 0.0067 0.0051 | il 

No. 200’s. 8.2 5.4 9 No. 200’s 0.0061 | 0.0041 9 

No. 100’s 5.3 5.3 6 No. 100’s 0.0052 0.0056 6 


Data: 


quently, it should be a_ reasonable 


® Time, first rust to removal date. 

> The dates of first rust are estimated by interpolation between the inspection date when rust first appeared and the 
preceding inspection six months earlier. These estimates were made to the nearest 0.05 year. The odd figures in the 
above table are the result of subtractions from the exposure figures of 1.48 and 1.94 year. 


(in inches per year) necessary to account 
for the losses of strength found by test. 
These annual diameter decreases have 
been calculated as follows: 


D(i — VSr) 


Diameter decrease = - P 


where D = original wire diameter, 

t = years since the beginning of 
rust (base wires assumed 
to start rusting immedi- 
ately after exposure), and 

Sr = percentage of strength re 
maining in the specimen 
at the time of removal. 


in using the present available results 
for making estimates of how long wire 
specimens will be serviceable after their 
coatings are gone. 


Indicated Trends of the Tensile Strength 


1. Ordinarily zinc-coated wires do not 
show significant losses of strength until 
after rusting of the base metal has 
started. (Compare the adjacent columns 
under ‘Percentage Change” of para- 
graphs 1 and 2 of Table C.) Conse- 
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If it could be assumed that any sample 
would show the same continued diameter 
decrease per year, its service life could be 
calculated from a simple ratio. Thus, 
the time for a wire to lose half its strength 
would be given by dividing 0.293D by 
the annual diameter decrease figure. 

Using the annual diameter decrease 
comparison method, the data in Tables 
Dand E show the trends outlined below. 

2. The order of corrosiveness of test 
locations (most severe to mildest) is: 
Pittsburgh, Sandy Hook, Bridgeport, 
State College. From the data at hand, 
all of the other seven locations seem 
milder than State College, but definite 
ratings are not yet certain. 

3. The copper-bearing uncoated wires 
are corroding less rapidly than the low- 
copper content ones at Pittsburgh. 
Thus far the differences do not appear 
significant at the other locations. 

(Compare paragraphs 1.3 and 2.3 of 
Table D.) 

4, Thus far there is no very clear-cut 
indication that the lighter gage uncoated 
wires are being penetrated more rapidly 
than the heavy gage ones, although the 
data for the Pittsburgh removals might 
te so interpreted. (See paragraphs 1.3 
and 2.3 of Table D, and Y of Table E.) 

5. The annual loss of strength (as well 
is the calculated diameter decrease) of 
he wires at Pittsburgh carrying the 
ightest zinc coatings is about the same 
s that for the bare wires at Pittsburgh. 


WIRE INSPECTION REPORT _ 


In drawing this comparison, the date of 
initial rusting of the coated samples has 
been estimated and the changes figured 
as annual effects since this date. (Com- 
pare the data of paragraphs 1.2, 1.3, 
2.2, and 2.3 of Table D with X and Y 
of Table E.) 


Findings from Weight Loss Specimens: 


Reference to Table VII will show the 
following for the first set of weight loss 
specimens removed: 

1. There is a tendency for the 
wires of lighter gages to lose coating 
somewhat faster than the wires in the 
heavier gages. 

2. There is no definite indication to 
date of a difference in the rates of loss 
of groups A, B, and C. By reference 
to the concurrently published report 
of the Wire Test Committee, the wires 
within group A (or B, or C) will be 
found to be closely alike as regards 
base metal composition and coating 
characteristics. 

3. There appears to be no significant 
difference in corrosion rates of wires 
exposed in the east side of the test 
racks, as compared to those exposed on 
the west side. 

Respectfully submitted on behalf of 
the Wire Test Inspection Committee, 
C. D. Hocker, 
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Committee A-6 on Magnetic Proper- 
ties has held two meetings since its 
previous report: one in Atlantic City, 
N. J., on June 29, 1938, and one in 
Washington, D. C., on April 3, 1939. 

Due to the fact that the several sub- 
committees adequately handle the prepa- 
ration of specifications, it was decided 
to eliminate Subcommittee II on Specifi- 
cations (P. H. Dike, chairman). The 
personnel of this committee has been 
assigned to other subcommittees. 

During the year the following addi- 
tions have been made to the personnel 
of Committee A-6: Elmer Bye of the 
Simonds Saw and Steel Co. (succeeding 
H. A. Pavitt); R. C. Taylor of the 
Western Union Telegraph Co.; W. J. 
Morris of the Republic Steel Corp. 
succeeding W. C. Carroll). A. W. 
Smith of the University of Michigan 
has resigned. 


I. NEw TENTATIVE STANDARD 


In the design and construction of the 
cores of electrical apparatus, the amount 
of space occupied by the lamination is an 
important factor. This is affected by 
the condition of the surface of the sheets 
as the result of rolling, heat-treating, and 
pickling conditions. It is also a function 
of the coatings which may be used to 
insulate the laminations from each other. 
A variety of methods have been used in 
the past for determining lamination 
lactor and it seems desirable to make 
available some standard test method. 
Alter several months of study by Sub- 
committee IV on Alternating Current 
Test Methods, a proposed Method of 
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Test for Measuring Lamination Factor 
of Steel! has been developed which the 
committee recommends be accepted for 
publication as tentative. This is simply 
a test method and no limits are to be 
specified. It should be useful not enly 
in connection with material as received 
from the manufacturer, but for tests 
of the effect of different insulating 
enamels on core volume. It is intended 
that the method, when adopted as 
standard, will be added to the Standard 
Methods of Test for Magnetic Proper- 
ties of Iron and Steel (A 34 — 38).? 


II. REVISIONS OF STANDARDS 


The committee recommends for im- 
mediate adoption the revision given 
below in the Standard Methods of Test 
for Magnetic Properties of Iron and 
Steel (A 34 — 38),? and accordingly asks 
for the necessary nine-tenths vote at the 
annual meeting in order that this modifi- 
cation may be referred to letter ballot 
of the Society: 

Section 4 (c)—At the end of this 
paragraph add the following: 

Should the average density, rather than the 
assumed density, be required for commercial 
grades of silicon alloy steels in sheet or plate 
form, for electrical purposes, the following equa- 


tions may be used for any silicon content up to 
about 6 per cent, at approximately 20 C.: 


For sheets or plates, free of surface oxides: 

D = 7.865 — (0.065 silicon, per cent). . Eq. (1) 
For sheets with normal thin tight surface oxides: 
D = 7.80 — (0.0688 X silicon, percent). . Eq. (2) 
where D = density in grams per cubic centimeter. 


1 This method was accepted as tentative by the Societ 
and appears in the 1939 Book of A.S.T.M. Standards, Part I. 
2 1936 Book of A.S.T.M. Standards, Part I, p. 504. 
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Note.—The assumed densities of 7.5 and 
7.7 in these methods are based on Eq. 2, which 
is commercially satisfactory for sheets of ap- 
proximately 0.013 to 0.026 in. in thickness. 
Recognition is given to the linear Eqs. 1 and 2 
on the basis that they represent the average 
straight line drawn through many test points 
obtained on commercial grades of silicon alloy 
steels for electrical purposes, of various silicon 


Resistivity of Commercial Grades of Silicon Alloy 
Steels for Electrical Purposes. 
Norte.—The linear equation for this graph is as follows: 
R = 13.25 + (11.3 X silicon, per cent) 
where R = resistance in microhm per cubic centimeter at 
approximately 20 C. 

This equation is based on the density versus silicon 
content shown by the relation in Eq. 1. The equation is 
also based on the average line drawn through many test 
points obtained on commercial grades of silicon alloy 
steel for electrical purposes, of various silicon contents. 
Individual tests may show departures from this average 
line, which is shown in equation and graphical form, for 

eneral use and guidance. The intercept constant 13.25 
or zero silicon does not usually apply to steels having 
silicon contents under about 0.15 percent. As the metal- 
loid content, including silicon, decreases to low values, 
the intercept constant decreases, approaching the value 
of about 10.7. 


contents. Individual tests may show depar- 
tures of various magnitudes from this average 
line which is given in equation form for general 
use and guidance. 


New Figure.—Add as a new Fig. 2 the 
accompanying Fig. 1, renumbering the 
present Figs. 2 and 3 as Figs. 3 and 4. 

Transformers which are used in con- 
nection with electronic tubes often have 
their cores subjected to a combination 
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of alternating and direct magnetizing 
forces. Under these conditions, the 
cores exhibit different effective perme- 
abilities and core losses than is the case 
when they are subjected to alternating- 
current magnetizing forces alone. Sub- 
committee IV is undertaking an exten- 
sive investigation of test methods under 


these conditions and it is thought de- 


sirable to have suitable nomenclature to 
designate these so-called incremental 
properties. Subcommittee I on Nomen- 
clature and Definitions has accordingly 
prepared the definitions given below 
which the committee recommends be 
accepted for publication as a tentative 
revision of the Standard Definitions of 
Terms, with Units and Symbols, Relat- 
ing to Magnetic Testing (A 127 — 36)2 


Polarizing Magnetizing Force, Ha.—The 
algebraic mean of the maximum and minimum 
values of an oscillating magnetizing force. 

Note. —Where the time function of the alter 
nating component of the oscillating magnetizing 
force is symmetrical, the polarizing magnetizing 
force is proportional to the direct current as 
indicated by a d’Arsonval type ammeter. 

Incremental M agnetizing Force, 4.—One-hali 
the algebraic difference of the maximum and 
minimum values of an oscillating magnetizing 
force. 

AH = 2Ha 


Polarized Induction, Ba.—The algebraic 
mean of the limits of the instantaneous induc- 
tions in a magnetic material subjected to the 
simultaneous application of a polarizing and a! 
incremental magnetizing force. 

Incremental Induction, Bs.—One-half of the 
algebraic difference between the limits of the 
instantaneous inductions in a magnetic material 
subjected to the simultaneous application of 4 
polarizing and an incremental magnetizing 
force. The whole difference or twice the incre 
mental induction is indicated by the symbo! 
AB. Thus: 


AB=2Ba 


Incremental Core Loss, Ps.—The core los 
in a magnetic material occurring when tht 
material is subjected to the simultaneous appl 
cation of a polarizing and an incremental mag 
netizing force. 


3 1936 Book of A.S.T.M. Standards, Part I, p. 518. 
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ng II]. ADOPTION AS STANDARD OF TENTA- 
he TIVE REVISION OF STANDARD 
rhe committee recommends that the 
definition of the term weber and the 
: revised definitions for magnetic induc- 
tion and intrinsic induction, published 
en- 
va last year* as a tentative revision of the 
Standard Definitions of Terms, with 
aeé- 
t Units and Symbols, Relating to Mag- 
to 
tal netic Testing (A 127 36), be approved 
ita 
ai for reference to letter ballot of the So- 
ien- 
ciety for adoption as standard. 
Jow & TABLE I.-ANALYSIS OF LETTER BALLOT VOTE. 
= 
tive | 33 
lems 
ise 
F I, New TENTATIVE STANDARD 
The Method of Test for Measuring Lami- | 
imun nation Factor of Steel (A 34-39T) 17 0 1 
7 II. REVISIONS OF STANDARDS 
alte Methods of Test for Magnetic Prop- 
mee erties of Iron and Steel (A 34 — 38), 
tizin immediate adoption 17 0 1 
tizin Definitions of Terms, with Units and 
‘de Symbols, Relating to Magnetic 
nt a Testing (A127 - 36), five new 
r definitions. . ; 17 0 1 
: hali § Aportion as STANDARD OF 
TENTATIVE REVISION OF STANDARD 
m and of Toone, with and 
izin ymbols, Relating to agnetic | 
etuzing Testing (A 127 - 36), one new and 
two revised definitions...... 16 0 2 
gebraic IV. TENTATIVE STANDARD CONTINUED 
induc- AS TENTATIVE 
andas tis recommended that the Tentative 
§ Method of Test for Measuring Inter- 
Spe amination Resistance of Steel (A 34 
nee %8T) be retained in the tentative status 
ma 
‘on ofa another year. Only one minor 
netizing § hange has been suggested to date and 
heincre § ‘ils will be held for action pending the 
committee’s recommendation to adopt 
‘he method as standard. 
core loss ff The recommendations appearing in 
is report have been submitted to letter 
appli 
jus app allot of the committee which consists 
ntal mag 
‘Proceedings, Am. Soc. Testing Mats., Vol. 38, Part I, 
1318 (1938); also 1938 Book of A.S.T.M. Tentative 
p. 1684. 
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of 25 members; 18 members returned 
their ballots, with the results shown in 
Table I. 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I on Nomenclature and 
Definitions (W. J. Shackelton, chairman). | 
—Since no adverse comments have been 
received concerning the definition of the | 
term weber and the revised definitions — 
for magnetic induction and intrinsic 
induction, which were published as ten- 


tative last year, they are being recom- 
mended for adoption as standard. 

Some adverse criticisms of suggested 
definitions concerning incremental mag- 
netic properties were received from 
members of the committee. These defi- 
nitions as modified are now being sub- 
mitted to the Society for publication as 
tentative. It is believed that these defi- 
nitions should be made available, since 
considerable experimental work in this 
field is being started immediately by 


Subcommittee IV. 

Subcommiticee IIT on Direct Current 
Test Methods (B. M. Smith, chairman).— 
Two meetings of this subcommittee were 
held during the past year. The chief 
activity has been in connection with 
round-robin tests of high coercive force 
permanent magnet steel bars of the 
Alnico type. Differences obtained by 
various observers with different kinds 
of apparatus are greater than desirable, 
particularly with reference to coercive 
force, and no satisfactory explanation is 
at present available. Samples have been 
sent to England to the Metropolitan — 
Vickers Co. and to the National Physical — 
Laboratory for a further check. No 
test recommendations will be made until 
the cause of these discrepancies has — 
been found and the differences reduced. 

Subcommittee IV on Alternating Cur- 
rent Test Methods (J. P. Barton, chair-— 
man).—Three meetings of this subcom- 
mittee have been held during the a. 
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year. A method for testing lamination 
factor of steel has been under consider- 
ation for some time and after some 
modification, is being offered to the 
Society for publication as tentative. 

While it is known that scale-free 
silicon alloy steel has a density higher 
than the 7.7 and 7.5 g. per cu. cm. values 
assumed in connection with magnetic 
testing, by far the majority of the com- 
mittee members felt that these values 
should be retained, although occasionally 
values of over 100 per cent lamination 
factor may be calculated. The above 
values still correspond very closely to 
the actual figures for silicon alloy steel 
sheet with a moderate amount of scale 
present. Formulas for information only, 
are being added, as described earlier in 
this report, to the Standard Methods of 
‘Test for Magnetic Properties of Iron 
and Steel (A 34-38) enabling those 
interested to determine the actual den- 
sity as a function of silicon content both 
for scale-free material and for lamina- 
tions with scale. In addition, there is 
given a curve and formula showing the 
relation between silicon content and 
resistivity. 

Since there is a definite demand for a 
half-length Epstein sample both for core 
loss and permeability tests and such 
samples are actually in commercial use 
by certain companies for normal as well 
as low-induction tests, it has been de- 
cided to initiate a round-robin test of 
such samples with six laboratories co- 
operating. Samples of 1 kg. are pro- 
posed, 3 by 28 cm, half the test strips to 
be cut with the grain of rolling and half 
across the grain. A butt joint as well 
as a double lap joint is to be used. Core 
loss values are to be obtained at 60 


cycles over the flux density range of 
4000 to 16,000 gausses or higher. The 
alternating-current permeability values 
are to be obtained for approximately 
10,000 gausses and higher. Asa variety 
of turns on test coils will be found among 
those to be used in the cooperative 
studies, the results of this test should be 
of value in arriving at a_ standard 
method. For those normally using a 
sample of 0.5 kg., it has been suggested 
that both halves of the sample be tested. 

In order to develop a method of test 
for magnetic properties under conditions 
of combined alternating and direct 
magnetization, a round-robin test is 
being started on approximately half- 
length Epstein samples with seven labo- 
ratories cooperating. ‘These properties 
are of chief interest in connection with 
core materials for use in transformers 
connected to thermionic tubes. ‘These 
incremental magnetic properties are also 
of interest with reference to transformers 
connected to rectifiers, three-legged re- 
actors used for control purposes, and for 
a study of losses in the teeth of rotating 
machines. 

These two sets of tests will probably 
occupy a year or more for completion. 


This report has been submitted to 
letter ballot of the committee which 
consists of 25 members; 18 members 
returned their ballots, all of whom have 
voted affirmatively. 


Respectfully submitted on behalf of 
the committee, 
THOMAS SPOONER, 


Chairman. 


R. L. SANFORD, 
Secretary. 
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REPORT OF COMMITTEE A-7 
ON 
-MALLEABLE IRON CASTINGS 


Committee A-7 on Malleable Iron 
Castings held two meetings during the 
year: in Atlantic City, N. J., on June 
27, 1938, and in Columbus, Ohio, on 
March 7, 1939. At each meeting 11 
members were present with 4 and 2 
guests, respectively. 

At the Atlantic City meeting the 
present officers were re-elected. 

An effort has been made to obtain 
members for Committee A-7 who will 
take part in the work of the committee 
and who will represent companies which 
are active in the malleable industry. 
The following have been added to the 
committee during the year: W. A. 
Wecker, Assistant General Manager, 
McKinnon Industries, Ltd., St. Catha- 
tines, Ont., Canada, and Leon B. 
Thomas, Chief Metallurgist, Campbell, 
Wyant & Cannon Foundry Co., Muske- 
gon Heights, Mich. Due to changes in 
ocupation the following have resigned 
from the committee: I. M. Bregowsky, 
F. B. Riggan, and E. R. Torgler. The 
present membership of the committee 
now totals 37, of whom 16 are classified 
is producers, 12 as consumers, and 9 as 
general interest members; there are 2 

sulting members. 

Subcommittee II on Galvanizing Em- 
mittlement (F. L. Wolf, chairman) is 
loing considerable work on this subject 
and it is expected that a report will be 
made by this subcommittee at the meet- 
ing of the committee to be held in At- 
antic City during this annual meeting. 


Methods of Testing (H. A. Schwartz, 
chairman) expects to report on new work 
which it is undertaking. Subcommittee 
VII on Welding reports that a good deal 
of experimental work has been carried 
on during the year and it is expected 
that a report from this subcommittee 
will be forthcoming at the June meeting 
of the committee. 


New ‘TENTATIVE STANDARD 


On the recommendation of Subcom- 
mittee VI on Pearlitic and Alloy Malle- 
able Iron (H. M. Boylston, chairman), 
the committee is presenting for publica- 
tion proposed Tentative Specifications 
for Pearlitic Malleable Iron Castings. 


II. Apoprion oF TENTATIVE STANDARD 
AS STANDARD 


On the recommendation of Subcom- 
mittee III on Cupola Malleable Iron 
(R. E. Bryant, chairman), the committee 
recommends that the Tentative Speci- 
fications for Cupola Malleable Iron 
(A 197 — 36 T)* be approved for reference 
to letter ballot of the Society for adop- 
tion as standard. 

At the suggestion of the Society’s 
Committee E-10 on Standards, Com- 


mittee A-7 gave consideration to the 
necessity of including a certification 


1 These specifications were accepted as tentative by the 
Society and appear in the 1939 Book of A.S.T.M. Stand- 
ards, Part I. 

2 prog Am. Soc. Testing Mats., Vol. 36, Part I, _ 

so 1938 Book of A.S.T.M. Tentative Stand. 
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clause in Specifications A 197 and to the 
wording that is employed. Both Sub- 
committee III and Committee A-7 in 
general considered that the present form 
of the certification clause is best suited 
for the desired purpose and recom- 
mended that no change be made in the 
wording of this paragraph. 


III. STANDARD CONTINUED 
WITHOUT REVISION 


In order to determine whether the 
Standard Specifications for Malleable 
Iron Castings (A 47 — 33) are in accord 
with present practice, comment and sug- 
gestions for revision were solicited from 
the members of the committee. No 
changes were received; accordingly on 
the recommendation of Subcommittee 
V on Air Furnace and Electric Malleable 
Iron (W. P. Putnam, chairman) the 
committee recommends that Specifica- 
tions A47 be continued as standard 
without revision. 


The recommendations appearing in 
this report have been submitted to letter 
ballot of the committee which consists 
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of 37 members; 34 members returned 
their ballots, with the results shown in 
Table I. 


TABLE I.—ANALYSIS OF LETTER BALLOT VOTE, 
as 
Items 
= & 
2 
I. New TENTATIVE STANDARD 
Spec. for Pearlitic Malleable Iron 
Castings 29 1 4 
Il. Apoption or TENTATIVE 
STANDARD AS STANDARD | 
Spec. for Cupola Malleable Iron 
32 0 | 2 


This report has been submitted to 
letter ballot of the committee which con- 
sists of 37 members; 33 members re- 
turned their ballots, all of whom have 
voted affirmatively. 

Respectfully submitted on behalf of 
the committee, 

K. Smita, 
Chairman. 
H. A. SCHWARTZ, 
Secretary. 
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REPORT OF COMMITTEE A-9 a. 


ON 
FERRO-ALLOYS 


Committee A-9 held a meeting during 
the 1938 annual meeting of the Society, 
on June 29, 1938, in Atlantic City, N. J., 
and also at this annual meeting, on June 
27, 1939. 

Subcommittee I on Specifications (E. 
A. Lucas, chairman) continued by per- 
sonal contact and correspondence further 
revision of the tentative specifications 
presented last year in an endeavor to 
bring the specification values in line with 
commercial practice and custom. The 
recommendations affecting these tenta- 
tive standards are given later in this 
report. 

Subcommittee I further reported prog- 
ress in the preparation of specifications 
for ferroboron, ferrotitanium, and silicon 
manganese, which it hopes to have ready 

r presentation next year. 

Of general interest at the meeting of 
the committee held during this annual 

neeting was a short discussion on the 

lvisability of preparing specifications 
lor molybdenum compounds other than 
alcium molybdate. While calcium mo- 
lybdate has been the chief medium of 
molybdenum additions, new develop- 
ments in the use of molybdenum briquets 

id molybdenum oxides as additive 

gents have already caused a shift of 

ilcium molybdate from first to third 
lace in volume. The committee felt 
that while there is a pronounced tend- 

‘ncy to change from calcium salt, many 

msumers whose practice is based on 

molybdate may continue its use. There- 
lore, Subcommittee I will follow the 


trend during the next year and be pre- 
pared to submit at the 1940 annual meet- 
ing either new specifications for these 
products or modify the present Specifi- 
cations for Molybdenum Salts and 
Compounds (A 146) to include briquets 
and oxides. 


I. REVISION OF TENTATIVE STANDARDS 


The committee recommends that the 
two tentative specifications listed below 
be revised as follows and continued as 
tentative, and that the withdrawal of the 
two existing standard specifications! be 
approved at this time: 

Tentative Specifications for Spiegeleisen .. 

(A 98-38 T)2 

Section 3 (a).—Change the table of 


chemical requirements from its present 
form to read as follows: 


| 
Grade A | Grade B Grade C 


| 

Manganese, per cent | 16.00 to} 19.00 to) 25.00 to 
} 19.00 21.00 28.00 

Carbon, max., per cent.. 6.50 6.50 6.50 

Phosphorus, max., per cent.| 0.25 0.25 0.25 

Sulfur, max., percent... | 0.05 0.05 0.05 


@ May be obtained containing silicon as follows: 1.00: P 
per cent, max.; 1.00 to 2.00 per cent; 2.00 to 3.00 per cent; 
and 3.50 to 4.50 per cent. 


Section 4.—Change to read as follows — 
by the addition of the italicized words: 


4. Spiegeleisen shall be packed in sound 
containers, or shipped in Ink, in such manner 
that none of the metal is lost in shipment. 


1 1936 Book of A.S.T.M. Standards, Part I, pp. 503, 492. 

2 Proceedings, Am. Soc. Testing Mats., Vol. 38, Part I, 
pp. 615, 621 (1938); also 1938 Book of A.S.T.M. Tentative 
Standards, pp. 256, 262. 
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Tentative Specifications for Ferrochro- 
mium (A 101~— 38 T)2? 


Section 1..Change from its present 
form: namely, 


These specifications cover ferrochromium 
b four grades as follows: High-carbon ferro- 
chromium, Grade A; Low-carbon ferrochro- 
-mium, Grades B, C, and D. 


to read as follows: 
These specifications cover two grades of 


ferrochromium designated: High-carbon, and 
_Low-carbon. 


Manganese, per cent. 78.00 to 82.00 80.00 to 85.00 


Carbon, max., per | 


@ Medium-carbon material may be obtained with the 
and 1.00. 


0.45, and 0.10. 


TABLE II. 


Grade A Grade B | 


} 


80 to 90.00 
0.15 


Silicon, per cent | 90 to 95.00 | 


Section 2..-Change to read as follows 
_ by the omission of the words in brackets: 


2. (a) High-Carbon Ferrochromium |Grade 

q A material] shall be furnished to size as specified. 

(6) Low-Carbon Ferrochromium {Material 

of Grades B, C and Dj] shall be crushed to the 

specified size and mixed before packing, so that 

the quality in each package is uniform with the 
dot. 


Section 3 (a).—-Change the table of 


] form to read as follows: 


31936 Book of A.S.T.M. Standards, Part I, pp. 493 to 
502, incl. 

4 Proceedings, Am. Soc. Testing Mats., Vol. 38, Part I, 
. 617 (1938); also 1938 Book of A.S.T.M. Tentative 
standards, p. 258. 
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80.00 to 85.00 


Grade C 


72 to 79.00 
0.15 | 


_ chemical requirements from its present 


| High Carbon Low Carbon 


65.00 to 75.00 
2.00 
1.50 


60.00 to 75.00 
4.00 to 8.00 
3.00 


Chromium, per cent 
Carbon, per cent.. 
Silicon, max., percent. 


“ May be obtained with the following maximum per- 


centages of carbon: 2.00, 1.00, 0.50, 0.20, 0.15, 0.10, 0.06, 
and 0.04 


Section 4.--Change to read as follows 
by the addition of the italicized words: 


-4. Ferrochromium shall be packed in sound 
containers, or shipped in bulk, in such manner 
that none of the metal is lost in shipment. 


TABLE I.—CHEMICAL REQUIREMENTS OF FERROMANGANESE. 
_ Medium Carbon | Low Carbon 
Standard 
Grade A | Grade B Grade C Grade A | Grade B 


80.00 to 85.00 80.00 to 85.00 | 80.00 to 85.00 


cent 7.50 as specified® | as specified* | as specified? | as specified” 0.75 
Phosphorus, max., per 

re 0.35 0.35 0.35 0.35 0.35 0.35 
Sulfur, max. , per cent. 0.05 0.05 0.05 0.05 0.05 = 
Silicon, max., per cent 1.25 | 1.25 1.50 2.50 1.25 7.4 


following maximum percentages of carbon: 3.00, 2.00, 1 50, 


Grade A low-carbon material may be obtained with the following maximum percentages of carbon: 0.75, 0.50, 0.30, 


CHEMICAL REQUIRE MENTS OF FERROSILICON. 


Grade D | Grade E Grade F | GradeG 


47 to 52.00 | 25 to 30.00 | 14 to 18.00 | 8 to 14.0 
0.15 0.50 1.50 


Carbon, max., per cent 0.15 } 1.50 
Sulfur, max., per cent | 0.04 0.04 0.04 0.04 0.04 0. 06 | 0.06 
Phosphorus, max., per cent | 0.05 0.05 0.05 | 0.05 0.06 0.15 | 0.15 


Il. Aboption OF TENTATIVE STANDARDS 
AS STANDARD 


The committee recommends that the 
following six tentative specifications be 
approved for reference to letter ballot of 
the Society for adoption as standard, 
with revisions in four of the specifica- 
tions, as indicated in detail below, and 
also that the withdrawal of the seven 
existing standard specifications’ be ap- 
proved at this time: 


Tentative Specifications for Ferromangs- 
nese (A 99-38 


Section 3 (a).—Change the table of 
chemical requirements from its preset! 
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form to read as shown in the accompany- 
ing Table I. 

Section 4.—Change to read as follows 
by the addition of the italicized words: 


4. Ferromanganese shall be packed in sound 
containers, or shipped in bulk, in such manner 
that none of the metal is lost in shipment. 


Tentative Specifications for Ferrosilicon 
(A 100 38 


Section 1. 
form: namely, 


Change from its present 


These specifications cover ferrosilicon in 
six grades, as follows: Grades A, B, C, D, E, 
and F, 


TABLE III. 


3allot 
Items Affirmative Negative Marked “Not, 
Voting” 
I. REVISION OF TENTATIVE STANDARDS 
Spec. for Spiegeleisen (A 98 - 38 T), replacing A 98 - 27... 23 1 1 
Spec. for Ferrochromium (A 101 - 38 T), replacing A 101 - 24 1 0 
II. ADopTtion oF TENTATIVE STANDARDS AS 
Spec. for Ferromanganese (A 99 - 38 T), as revised, replacing A 99 - 27. 25 0 0 
Spec. for Ferrosilicon (A 100 - 38 T), as revised, replacing A 100 - 27.. 25 0 0 
Spec. for Ferromolybdenum (A 132 - 38 T), as revised , replacing A 132 — 34 

and A 145 - 34 25 0 0 
Spec. for Ferrotungsten (A 144 - 38 T), as revised, yg A 144 - 34. 24 1 0 
Spec. for Ferrovanadium (A 102 - 38 T), replacing A 102 25 0 0 

se. for Salts and (A 146 - 38 replacing 
146 -— 34.. 25 0 0 


to read as follows: 


These specifications cover seven grades of 
trosilicon designated A, B, C, D, E, F, and G. 


Section 3 (a). Change the table of 
chemical requirements from its present 
lorm to read as shown in the accom- 
panying Table IT. 

Section 4..-Change to read as follows 
by the addition of the italicized words: 


4. Ferrosilicon shall be packed in sound 
ntainers, or shipped in bulk, in such manner 
that none of the metal is lost in shipment. 


Tentative Specifications for Ferromolyb- 
lenum (A 132-38 


Proceedings, Am. Soc. Testing wrt Wy 38, Part I, 
619 (1938); also 1938 Book of ! Tentative 
laniards, p. 260. 

Proceedings, Am. Soc. Testing Mats., Vol. 38, Part I, 
p bas (1938) ; also 1938 Book of A.S-T.M. Tentative 

ds, p. 266. 
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Section 3 (a).—-In the table of chemi- 
cal requirements interchange the chemi- 
cal composition of Grade A and Grade B. 


Tentative Specifications for Ferrotungsten 


(A 144- 38T):7 


Section 3 (a).-In the table of chemi- 
cal requirements change the maximum 
phosphorus content from “0.05 per cent” 
to read “0.06 per cent.” 


Tentative Specifications for Ferrovana- 
dium (A 102 -38T), and for Molyb- 
denum Salts and Compounds (A ‘146 
38 T):8 


— 


These two tentative specifications are 
recommended for adoption as standard 
without revision. 


The recommendations appearing in 
this report have been submitted to letter 
ballot of the committee which consists 
of 27 members; 25 members returned 
their ballots, with the results shown in 
Table III. 


Respectfully submitted on behalf of 
the committee, 
CHARLES MCKNIGHT, 


C. M. Logs, Jr., 


Chairman. 
Secretary. 


7 PT ey Am. Soc. Testing Mats., Vol. 38, Part I, 
p. 627 (1938); also 1938 Book of A.S.T.M. Tentative 
Standards, p. 268. 

5 Proceedings, Am. Soc. Testing Mats., Vol. 38, Part I, 
»p. 623, 629 (1938); also 1938 Book of A.S.T.M. Tentative 
he ng pp. 264, 270. 
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IRON-CHROMIUM, IRON-CHRO 


Committee A-10 on Iron-Chromium, 
Iron-Chromium-Nickel, and Related Al- 
loys held one meeting during the year: 
in Columbus, Ohio, on March 9, 1939, 
during the spring group meetings of the 
Society. 

Several changes in committee per- 
sonnel have occurred, resulting in a 
present membership of 75, of whom 32 
are classified as producers, 30 as con- 
sumers, and 13 as general interest 
members. 

Specifications for bars, tubing, and 
wire have been delayed for various 
reasons while specifications for cast and 
flat products, which have had a tenta- 
tive status for several years, are being 
recommended for adoption as standard 
with editorial improvements and a 
regrouping into three broad classifica- 
tions, with a separate specification for 
the 18 per cent chromium, 8 per cent 
nickel type (A 198), as mentioned later 
in this report. 


I, REVISIONS OF STANDARDS 


The committee recommends for im- 
mediate adoption, revisions in the fol- 
lowing specifications, and accordingly 
asks for the necessary nine-tenths vote 
at the annual meeting in order that 
these modifications may be referred to 
letter ballot of the Society: 

Standard Specifications for Corrosion- 

Resisting Chromium Steels (Sheet, 

Strip, and Plate) (A 176 — 38): 


HS ae Supplement to Book of A.S.T.M. Standards, pp. 


REPORT OF COMMITTEE A-10 
ON 


ALLOYS 


MIUM-NICKEL AND RELATED 


Section 14 (a).—Since No. 3 Finish 


for cold-rolled strip is no longer manu- 20 
factured by the steel producer omit this I 
finish and the explanatory note which 3 
read as follows: 
No. 3 Finish.—Annealed, pickled, mechani- - 
cally cleaned or buffed without the use of abra- 
Sives, 
No. 3. For parts requiring medium amount 
of deep drawing, for rolling and molding opera- rade 1 
tions. This strip has a bright surface and re- os 
quires very little polishing to finish. rade 4 
Standard Specifications for High-Strength (aie? 
Corrosion-Resisting Chromium-Nickel 
Steels (Sheet and Strip) (A 177 cate 10 
Section 4.—Change the manganese ade 12 
content from “0.60 per cent, max.” to $ Gra 
read “1.50 per cent, max.” ‘Gra 
II. ADOPTION OF TENTATIVE STANDARDS ABE 
AS STANDARD 
The committee recommends that the 
following tentative specifications be ap- 
_ proved for reference to letter ballot of 
the Society for adoption as standard 
with a revision in one of the specifica- 
tions as indicated below: 
Tentative Specifications for: ste 
12 per cent Chromium Steel Castings § “i! 
(A 168-35 T),? 19 per cent Chro § 6 
mium Steel Castings (A 169- 
35 T),? and 28 per cent Chromium fue 0 
Steel Castings (A 170 — 35 T)? com ff ‘ate 12 
2 Proceedings, Am. Soc. Testing Mats., Vol. 35, Part I, ‘These 
pp. 623, 627, 631, 635, 640, O45, 649, 653 (1935); also 1938 standard 
ook of A.S.T.M. Tentative Standards, pp. 151, 156, 1, AS.T.M, 


170, 175, 180, 184, 188. 
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solidated into Specifications for 
Chromium Alloy-Steel Castings;* 

24 per cent Chromium, 12 per cent 
Nickel Alloy Steel Castings (A 171 - 
35 T),? 25 per cent Chromium, 20 
per cent Nickel Alloy Steel Castings 
(A 172-35 T),? and 28 per cent 
Chromium, 9 per cent Nickel Alloy 
Steel Castings (A 173 — 35 T)? con- 
solidated into Specifications for 
Chromium-Nickel Alloy-Steel Cast- 
ings; 

20 per cent Nickel, 9 per cent Chro- 
mium Alloy Steel Castings (A 174 
35 T),? and 35 per cent Nickel, 15 


Man- | 

Type | Carbon, ganese, | 
Number per cent max., 

| per cent 

301 0.08 to 0.20 1.50 | 

302 0.08 to 0.20 | 1.50 | 

304 0,08 max. | 

ree 308 0 08 max. 1.50 
|) 321 0.10 max. 1.50 
347 | 0,10 max. 1.50 
302 B 0.08 to 0.20 1.50 
|. eae 309 0.08 to 0.20 2.00 
309 0.08 max. 2.00 

Ae 310 0.25 max. 2.00 

316 0.08 max. 2.00 | 
ore 317 0.08 max. 2.00 


* Grade 5 shall have a minimum titanium content of four 


per cent Chromium Alloy Steel 
Castings (A consoli- 
dated into Specifications for Nickel- 
Chromium Alloy-Steel Castings;? 
20 per cent Chromium, 9 per cent 
Nickel Alloy Steel Castings (A 198 - 
36 T),4 with editorial changes, and 
Corrosion-Resisting Chromium-Nickel 
, Steels (Sheet, Strip, and Plate) 
(A 167 - 38 T),® revised as follows: 
Section 4.--Change the table of chem- 
ical composition requirements from its 
present form to read as shown in the 
accompanying Table I. 
Section 7. Change the table of physi- 


TABLE I.—CHEMICAL REQUIREMENTS. 


Phos- | | Chro- 


phorus, Silicon, mium, 
max., percent | min., 
per cent per cent | per cent per cent 
0.035 0.030 0.75 max. 16.00 7.00 
0.035 | 0.030 | 0.75 max | 18.00 8.00 
0.035 | 0.030 | 0.75 max 18.00 8.00 
0.035 0.030 0.75 max | 19.00 10.00 
0.035 0.030 | 0.75 max. | 18.00 8.00 
0.035 | 0.030 | 0.75 max 18.00 8.00 
0.035 0.030 2.00 min 18.00 8.00 
0.035 | 0.030 | 3.50max. | 22.00 | 12.00 
0.035 | 0.030 3.50 max 22.00 | 12.00 
0.035 0.030 2.00 max 24.00 19.00 
0.035 0.030 0.75 max 16.00 10.00 
0.035 0.030 0.75 max. 18.00 10.00 


times the carbon content. 


° Grade 6 shall have a minimum columbium content of ten times the carbon content. 
“ Grade 11 shall have a molybdenum content of 2.00 to 3.00 per cent. 
* Grade 12 shall have a molybdenum content of 3.00 to 4.00 per cent. 


TABLE II.—PHYSICAL TEST REQUIREMENTS. 


a | & 
| 
i=] As 3 
a | 3 —— 
75 000 | 30000 40.0 202 | 88 180 
75000 30000 40.0 202 | 88 | 180 
75 000 | 30000 40.0) 202 8&8 180 
+ | 75 000 | 30000 | 40.0 202 | 88 180 
75 000 30000 40.0 202 88 180 
ae ¢ 75 000 | 30000 40.0 202 88 180 
ei 75 000 30000 40.0 217 95 | 180 
es 75 000 30000 40.0) 217 95 180 
.. 75 000 30000 40.0 217 95 180 
€ 10 75 000 | 30000 40.0 217 95 180 
“ell....., 75000 30000 40.0 217 95 180 
ade 12 75 000 217 180 


30 000 


‘These specifications, as consolidated, were adopted 
“standard by the Society and appear in the 1939 Book 
\S.T.M. Standards, Part I. 


cal properties from its present form to 
read as shown in the accompanying 
Table II. 

The recommendations appearing in 
this report have been submitted to letter 
ballot of the committee which consists 
of 75 members; 48 members returned 
their ballots, with the results shown in 
Table IIL. 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I on Classification of 
Data (E. F. Cone, chairman; Russell 


4 Proceedings, Am. Soc. Testing Mats., Vol. 36, Part I, 
p. 639 (1936) ; also 1938 Book of A.S.T.M. Tentative Stand- 
ards, p. 164. 

5 Proceedings, Am. Soc. Testing Mats., Vol. 38, Part I, 
p. 593 (1938) ; also 1938 Book of A.S.T.M. Tentative Stand- 
ards, p. 142. 
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Franks, secretary).—Substantial prog- 
ress in the work of this subcommittee 
has been made, the data collected by its 
eight subgroups are being compiled, 
following which they will be referred to 
letter ballot of Committee A-10 for 
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on Standards later in the year for publi- me 
cation as a tentative recommended ins! 
practice.® ma 

A preliminary draft of a liquid boiling difi 
test procedure has been found too app 


general and will be revised to give more S 


* See Editorial Note, p. 196. 


approval for publication. It was de- specific details concerning this type of (V. 
_ cided to exclude nickel-base alloys and _ test. com 
first publish information on the more Tests on wire products, in coopera- elas 
important stainless steels. Publication tion with Committee A-5, are being chr 
_ can be expected later in the year. continued and are reported on this year stec 
Subcommittee IV on Methods of Corro- by that committee.’ type 
sion Testing (. S. Taylerson, chairman). Inspections, under the jurisdiction of is h 
—A special subcommittee, consisting of this subcommittee of stainless steel in mad 
St 
TABLE III.-ANALYSIS OF LETTER BALLOT VOTE. (Rus 
tems irmative Vegative ark | 
“Not Voting” Scop! 
chroi 
I, REVISIONS OF STANDARDS steel 
Spec. for Corrosion-Resisting Chromium Steels (Sheet, Strip, and Plate) e 
176 38), immediate adoption 36 1 11 varlo 
Spec. for High-Strength Corrosion-Resisting Chromium-Nickel Steels | ; 
(Sheet and Strip) (A 177 ~ 38), immediate adoption be. ¢ ‘| 36 1 11 carbi 
Il. Apoption or TENTATIVE STANDARDS AS STANDARD opera 
Spec. for 12 per cent Chromium Steel Castings (A 168 - 35 T).. } 35 0 13 
Spec. for 19 per cent Chromium Steel Castings (A 169 - 35 T).. | 35 0 13 Vy 
Spec. for 28 per cent Chromium Steel Castings (A 170 - 35 P). 35 0 13 ‘ 
Spec. for 24 per cent Chromium, 12 per cent Nickel Alloy Steel Castings Int 
Spec. for 25 per cent Chromium, 20 per cent Nickel Alloy Steel Castings | : 
(A172 - 35 T) 36 1 il Nat 
{ Spec. for 28 per cent Chromium, 9 per cent Nickel Alloy Steel Castings | I 
(A173 - 35 T) | 36 1 
Spec. for 20 per cent Nickel, 9 per cent Chromium Alloy Steel Castings [ 
(A 174 - 35 T) 37 0 11 K 
ace. for 35 per cent Nickel, 15 per cent Chromium Alloy Steel Castings : 
(A 175 35 T) 37 0 Gen 
Spec. for 20 per cent Chromium, 9 per cent Nickel Alloy Steel C astings 
(A198 36 T).. .| 34 0 14 = 
Spec. for Corrosion-Resisting Chromium-Nickel Steels (Sheet, Strip, and | Uni 
Plate) (A 167 - 38 T), as revised | 36 1 11 to 
The 
F, L. LaQue and H. W. Schmidt, has architectural use have been completed been a 
prepared a “Guide for Plant Corrosion — by the special subcommittee consisting pea: 
_ Tests,” which was approv ed by Com- of C. C. Snyder (chairman), V. \. & metho 
mittee A-10 at its March meeting. Krivobok, H. J. Huester, F. H. Frank- § remary 
_ Certain minor Se = been land, and J. A. Fouilhoux. These be of j 
made 'S inspections were made at New York type 
City, Philadelphia, and Atlantic City, submit 
Following a review by other interested 
several other members of the com 4-10 y 
> . mittee being present by invitation 
on Corrosion of Iron and Steel and Com- “The have 
: > visits. r 
mittee B-3 on Corrosion of Non-Ferrous OF More ot the visits and 
Metals and Alloys, it will be presented the subcommittee, with pertinen ‘not ve 
to the Society through Committee E-10 7 Sub 
; 7 See report of Committee A-5 on Corrosion of It Ce 
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ment as to the condition of the various 
installations, processing details during 
manufacture, and suggestions to avoid 
difficulties during or after installation 
appears as Appendix I. 

Subcommittee V on Mechanical Tests 
(V. N. Krivobok, chairman).—This sub- 
committee is continuing its study of 
elastic properties of the 18 per cent 
chromium, 8 per cent nickel types of 
steel, and some data under various 
types of loading have been secured. It 
is hoped that a progress report can be 
made shortly. 

Subcommittee VI on Metallography 
(Russell Franks, chairman).—This sub- 
committee has completed the micro- 
scopic examination of the 18 per cent 
chromium, 8 per cent nickel types of 
steel after various heat treatments using 
various etching reagents for revealing 
carbides. The following laboratories co- 
operated in this work: 

U. S. Navy Department, Munhall, Pa., 

International Nickel Co., Research Labora- 

tories, Bayonne, N. J., 

National Bureau of Standards, Washington, 

U. S. Steel Corp., Research Laboratories, 

Kearny, N. J., 

General Electric Co., Schenectady, N. Y., 

and 

Union Carbide and Carbon Research Labora- 

tories, Niagara Falls, N. Y. 

The report on the data obtained has 
been approved by Subcommittee VI and 
appears as Appendix II. ‘The various 
methods of etching for carbides and the 
marks in connection therewith should 
be of interest to all concerned with this 
type of steel. This report has been 
submitted to letter ballot of Committee 
A-10 which consists of 75 members; 00 
members returned their ballots, of whom 
Nhave voted affirmatively, 0 negatively, 
and 00 members marked their ballots 

hot voting.” 

Subcommittee VII on Welding (L. C. 
bibber, chairman).—While continuing 
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to cooperate with the Welding Research 
Committee on problems involving the 
welding oi materials falling within the 
scope of Committee A-10, this sub- 
committee has been relatively inactive — 
during the past year. A re-examination 
of the subcommittee’s activities will be — 
held during the June meeting. 

Subcommittee VIII on Specifications 
for Wrought Products (F. B. Foley, 
chairman).—-While there is still no de- 
mand from consuming interests for 
specifications covering bars and forgings, — 
there has been a specific request to pre-— 
pare specifications covering spring wire 
of 18 per cent chromium, 8 per cent 
nickel steel. It seems likely that the 
subcommittee will be reorganized to 
cover wire products and steps taken to 
prepare such specifications. 

Subcommittee 1X on Specifications for 
Flat Products (C. C. Snyder, chairman). 

This subcommittee has reviewed the 
several specifications for flat products | 
prepared by it and has approved minor 
changes in each, as mentioned earlier in 
this report. It is recommended that the - 
Tentative Specifications for Corrosion-— 
Resisting Chromium Nickel Steels 
(A 167 — 38 T) be adopted as standard, 
as revised, and that the revision of the — 
Standard Specifications for Corrosion-— 
Resisting Chromium Steels (A 176 — 38), — 
and for High-Strength Corrosion-Resist- | 
ing Chromium-Nickel Steels (A 177 — 38) — 
be adopted immediately. 

Subcommittee X on Specifications for 
Castings (W. J. Jeffries, chairman). 
Several new members were added to 
this subcommittee at the March meeting. 
Consideration has been given to the 
various casting specifications and these 
have been consolidated into three broad 
groups, witH the specification for the 
18 per cent chromium, 8 per cent nickel © 
type (A 198) being retained as a separate 
standard. The subcommittee has ap- 
proved the adoption of the tentative | 
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specifications as standard as mentioned 
earlier in this report. 

Research, under the auspices of the 
Alloy Steel Castings Group at Battelle 
Memorial Institute, is progressing. At 
the request of the committee, a paper 
describing a new type of test block, 
resulting from this work, is being 
presented at this annual meeting of the 
Society.® 

Subcommittee XI on Specifications for 
Tubular Products (Newell Hamilton, 
chairman).—This subcommittee is un- 
balanced with respect to consumer 
members; consequently interest in the 
preparation of specifications has been 
lacking to some extent. A preliminary 


= of specifications for 18 per cent 


chromium, 8 per cent nickel steel still 


8 (. E. Harder, ‘The Alloy Casting Research Institute 
Test Block for Heat- Resisting Alloys; Its History, Selec- 
tion and Utilization,” see p. 626. 


EDITORIAL NOTE 


tubes has been held in abeyance pending 
a correction of this condition and for 
the further reason that clarification is 
needed on certain questions arising with 
Subcommittee IX on Steel Tubing and 
Pipe of Committee A-1 on Steel. A 
discussion of the subcommittee’s 
activities will be held at the June 
meeting. 


This report has been submitted to 
letter ballot of the committee which con- 
sists of 75 members; 48 members re- 
turned their ballots, of whom 47 have 
voted affirmatively and 0 negatively. 


Respectfully submitted on behalf of 
the committee, 
JEROME STRAUSS, 
Chairman. 


H. D. NEWELL, 
Secretary. 


Subsequent to the annual meeting Committee A-10 took action to submit 
the Guide for Conducting Plant Corrosion Tests, published as information 


with its report, as a Tentative Recommended Practice. 


This new tentative 


recommended practice was accepted on behalf of the Society by Committee 
E-10 on Standards on August 24, 1939, and appears in the 1939 Book of 
A. S.T.M. Standards, Part I, bearing the designation A 224-39 T. 
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A APPENDIX I 


REPORT OF SPECIAL SUBCOMMITTEE ON INSPE CTION OF “a 


STAINLESS STEEL ARCHITECTURAL STRUCTURES 


In order to obtain information on the 
re- behavior of the corrosion-resisting steels 


ave under conditions of actual service a 
special committee was appointed in 1937 
to inspect several architectural installa- 

[of tions of stainless steel. The special com- 


mittee visited and examined the installa- 
S, tions at the Chrysler and Empire State 
Buildings in New York City, the Phila- 
delphia Saving Fund Society Building 
in Philadelphia, and several building 
fronts along the boardwalk at Atlantic 
City, N. J. The information obtained 
at these inspections is presented in this 


report. 


Chrysler Building, New York City: wee 


Visits were made to the Chrysler 
Building on December 9, and to the 
Empire State Building on December 10. 

Arrangements had been made with 
the Superintendent of Maintenance of 
the Chrysler Building for the inspection 
and before inspecting the stainless steel, 
4general discussion of the situation was 
held, 

The committee was told that the spire 
had not been cleaned since its erection in 
1930. The gargoyles had been partially 
(leaned recently as part of a motion 
picture stunt but not as regular main- 
‘nance. The store fronts on the ground 
lor are cleaned every two months with 
4mixture of Italian pumice and whiting 
‘0 remove traffic film. Every day the 
interior and exterior trim on the ground 

foor is dusted. 

During a wind storm several years ago 
— 


sheets became 


loosened and 
were blown from the spire. This has 
been the only instance where there has 
been a breakage of the soldered points. 
The coping at the seventy-first floor has 
now been reinforced with a hold-down 
strip to prevent further loosening. 

The Superintendent stated that he, as 
well as the building owners, are quite 
pleased with the results obtained with 
stainless steel. When the building was 
first opened, a rusty, spotted condition 
was noted on the revolving doors. 
Upon investigation it was learned that 
the ordinary steel work in the mecha- 
nism above the doors was not protected 
and rust was running down upon the 
stainless steel. This was corrected by 
painting the common steel parts. 


several 


The Superintendent receives letters 
from all over the world inquiring as to 
the condition of the stainless steel and 
in response he advises them that the 
stainless steel is working out excellently. 
The Superintendent also reported that 
corrosive conditions are very severe at 
the Chrysler Building due primarily to 
the heavy industrial atmosphere, and also 
to the sea atmosphere prevailing in the 
New York area, and in a minor degree 
to the stack discharges from the power 
plants located southeast of the building 
which occasionally are carried by the 
wind in the direction of the tower. 

A visit to the seventy-first floor dis- 
closed that the stainless steel was 
covered with a dark film. Upon rub- 
bing with pumice and whiting, the film 
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was easily removed, disclosing the origi- 
nal bright finish beneath. 

Locations on two sides of the building 
were examined and revealed that al- 
though the metal had a darkened appear- 
ance, due to an accumulation of smoke 
and soot, this film was readily removed. 
All the joints and seams had been 
soldered and after soldering the flux was 
neutralized with soda. It was inter- 
esting to note that there was no corro- 
sion as a result of the use of stray 

soldering fluxes, in fact, the metal 
directly adjacent to the soldered joints 
in many cases was brighter than the 
metal away from the joints. 

_ There was no pitting of the metal, 
although several minute places were 
detected by a magnifying glass where 
there has been slight etching. 

An inspection of the store fronts “er 
_Tevolving doors revealed them to be i 
excellent condition. 

_ The material on the spire and coping 
is 18 per cent chromium, 8 per cent 
nickel stainless steel, No. 4 bright finish 
corresponding to stainless steel of grade 
No. 1, type No. 302, finish No. 4 con- 
forming to the Tentative Specifications 
for Corrosion-Resisting Chromium- 
Nickel Steels (Sheet, Strip and Plate) 
(A 167 — 35 T) of the American Society 
for Testing Materials.! 


_ Empire State Building, New York City: 


The installation at the Empire State 
Building was inspected on December 10, 
1937. The committee first consulted 
the Building Superintendent who stated 
that the stainless steel spandrels were of 
18 per cent chromium, 8 per cent nickel 

_ steel,? No. 6 Tampico finish and extended 


ieee Am. Soc. Testing Mats., Vol. 35, Part I, 

p. 667 (1935); also 1935 Book of AS. TM. Tentative 
Standards, p. 193. 

2 Tentative Specifications for Corrosion-Resisting 
Chromium-Nickel Steels (Sheet, Strip and Plate) 
(A 167 - 35 T), grade No. 1, type 302, No. 6 finish, of the 

American Society for Testing Materials. Proceedings, 

Am. Soc. Testing Mats., Vol. 35, Part I, p. 667 (1935); 

also 1935 Book of A.S.T.M. Tentative Standards, p. 193. 
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from the sixth floor to the observation 
tower. He also stated that the stainless 
steel had not been cleaned or polished 
since he had been placed in charge of the 
building in May, 1931. 

The committee examined the stainless 
steel mullions and vertical strips at the 
sixth floor offset and at the seventy- 
second floor offset. ‘There was no rust- 
ing or staining, but the same dark film 
as was noticeable at the Chrysler Build- 
ing was apparent. Removal of the film 
with whiting and pumice disclosed the 
original finish of the metal. ‘There was 
some slight etching of the metal at the 
sixth floor offset which is believed to be 
the condition that was noted during 
erection of the building and was due to 
contamination from building filth, such 
as, plaster, cinders, cement and rust 
from iron work which caused contact 
corrosion. Following a washing down 
of the building with pumice and am- 
monia water, the etched condition has 
proceeded no further. This cleaning 
operation was performed before comple- 
tion of the building and was a regular 
step in procedure. 

At the seventy-second floor, the film 
was not so heavy as at the sixth floor, 
the metal appearing much_ brighter. 
The slight etching noticed at the sixth 
floor was not discernible. It has been 
reported recently by unidentified parties 
that the 34th Street side of the building 
is showing rust. There is a reddish 
color on the metal which can be easily 
seen at the seventy-second floor. In- 
vestigation showed the reddish color is 
coming from a red lead caulking com- 
pound which is running out from be- 
tween the overlapping joints. Removal 


of the caulking compound disclosed 
excellent appearance beneath. 

Analysis of Stainless Steel Sheets. 
There were approximately 500 tons of 
18 per cent chromium, 8 per cent 
nickel polished stainless steel sheets 
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mn applied on the Empire State Building. 
S The analysis of the nearly 200 heats of 
df steel used showed the following range 
he in composition: 
Carbon, per cent........... 0.066- 0.13 
SS Manganese, per cent........ 0.31 — 0.50 
he Phosphorus, per cent 0.011- 0.026 
y- Sulfur, percent............ 0.017 0.023 
per cent... ......... 0.22 — 0.45 
st- Chromium, percent........ 17.51 —18.98 
Im Nickel, per cent............. 8.10 — 9.40 
ld- Processing Treatment.-The sheets, 
Im following hot rolling, annealing (1950 F. 
the Bir cool) and pickling, were polished in 
"aS following manner to obtain the 
jistinctive No. 6 Tampico finish: 
A (1) Ground with 80-mesh grit dry 
(2) Polished with 100-mesh grit grease 
be (3) Polished with 120-mesh grit grease 
uch (4) Polished with 150-mesh grit grease 
rust (5) Tampico brushing with compound of 
tact lime, whiting, and oil. 
—_ Following polishing, all sheets were 
am- } assivated in a warm nitric acid (20 per 
has cent) bath, then formed into panel sec- 
ning Fitions on brakes. During the forming 
aple- eration, the polished surface was pro- 
sulat tected with lubricants and cellophane. 
The lubricant was removed with kero- 
film ine and the entire panel passivated in 
floor, um nitric acid solution. Before the 
ter. aterial was released from the mill a 
sixth Bihr. salt spray test was made on 
been pons taken from each sheet. After 
artis B xection on the building, the panels were 
ding ashed down with pumice and water to 
dish move building filth that had collected 
easily uring erection of the building. 
» The following analysis of the atmos- 
dlor 1s ere of New York City made by the 
| Telephone Laboratories was _re- 
m be- ved in a report from J. R. Townsend, 
moval laterials Standards Engineer: 
closed 
dioxide content. approx. 0.04 per cent 
t dioxide content 0.8 to 2 parts per 
eels. million 
ons of lorides. . . trace 
r cent Hi From the above, it will be seen that the New 
sheets lk City atmosphere is a moderate industrial 
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atmosphere, differing from other industrial 
atmospheres because of the trace of the chlorides 
present in the air. 


An analysis of dirty coating scraped 
off the Chrysler Building was made by 
C. M. Sterne, Chief Engineer, Metro- 
politan Refining Co., Inc., who sub- 
mitted the following information on the 
results of the tests: 


“Analysis of a sample of the dirty coating 
which the writer scraped from the stainless 
steel sheets of the Chrysler Building above the 
gargoyles consisted of carbon (oily soot), 52.1 
per cent; sulfates, 29.7 per cent; Silica, 10.1 
per cent; the remaining 8 per cent was mainly 
organic matter and undetermined matter, and, 
as I recall, contained some chloride and some 
iron. 

As you can see from the analysis, the greater 
portion of this dirty coating was undoubtedly 
from the products of combustion. 


Philadelphia Saving Fund Society Build- 
ing, Philadelphia: 

The Philadelphia Saving Fund Society 
Building in Philadelphia, Pa., was in- 
spected in June, 1938. In this building 
stainless steel of the 18 per cent chro- 
mium, 8 per cent nickel type, finish Nos. 
4 and 6, has been used as store fronts, 
marquees, panels in entry ways, elevator 
panels, escalator trim, facing of bank 
vaults, safety deposit rooms, and facing 
for boxes, and kitchen equipment in the 
bank kitchen. The building was opened 
in May, 1932, and at the time of the 
inspection was 6 yr. old. 

The manager of the P.S.F.S. Building 
told the committee that he was quite 
pleased with the appearance of the metal 
and the small amount of maintenance 
work required to keep it in first class 
condition. ‘The stainless steel on the 
exterior of the building is cleaned at 
the same time the windows are washed, 
which is every several days. Ivory 
soap and water is used on the stainless 
steel, no polishing or hard rubbing being 
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_ The inspection of the exterior metal, 
which is essentially a store front, re- 
vealed it to be in excellent condition, no 
staining, no rusting, or pitting, being 
visible. An examination of the metal 
applied in the interior of the building 
revealed the same excellent condition. 

The manager pointed out that a 
number of panels over the elevator 
entrance, when received from the fabri- 
cator, had a brownish appearance. ‘The 
panels were passivated with a nitric acid 
solution on the job. This treatment did 
not entirely remove the brownish tinge, 
some very slight discoloration still being 
visible on close examination. The man- 
ager stated that the fabricator could 
offer no satisfactory explanation for the 
appearance of the panels other than that 
the discoloration was caused by un- 
satisfactory packing and shipping condi- 
tions. 

To avoid recurrence of similar condi- 
tions, it is recommended that polishing 
operations be performed with iron-free 
compounds and that following polishing, 
the material should be wiped free of 
grease with whiting. 

Since none of the committee members 
were familiar with the installation, no 

furthercommentcanbemade. 


A lantic City Boardwalk: 


At Atlantic City, N. J., the following 
storefronts along the boardwalk were 
in June, 1938: 
Du Pont Exhibit Building 
M. Gettleman 
Apollo Theatre 
Regis Restaurant 
Stainless steel is applied on the above 
building fropts as window molding, 
marquees, signs, doors, entry way panels, 
and trim. Atmospheric conditions are 
quite severe due to the close proximity 
; to the ocean and the salt spray which is 
ever present. 
On all of the storefronts where the 
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_ blowing on the building fronts. 


stainless steel is cleaned regularly, the 
metal is in excellent condition. At a 
height above which the window washer 
can reach and where the metal receives 
no cleaning, small pits and some rusting 
was observed. The depth of the pits 
was of no consequence and there were 
no signs of perforation of the metal. 

The storefront of M. Gettleman, in- 
stalled in 1933, included both 18 per 
cent chromium steel and 18 per cent 
chromium, 8 per cent nickel steel. The 
18 per cent chromium had discolored 
quickly and has been replaced in part 
with 18 per cent chromium, 8 per cent 
nickel steel. The committee was able 
to identify the remaining 18 per cent 
chromium with a magnet. 

The manager of M. Gettleman stated 
that since 18 per cent chromium, 8 per 
cent nickel stainless steel had been in- 
stalled, he need no longer be concerned 
about the appearance of his storefront. 

The Apollo Theatre has a large in- 
stallation of 18 per cent chromium, 8 
per cent nickel stainless steel which is 
given an over-all cleaning regularly. No 
indication of pitting or staining was 
apparent. ‘This installation was madein 
1931. 

It was the consensus of opinion of the 
committee that conditions at Atlantic 
City were more conducive to corrosion 
and tarnishing of metals than at either 
New York City or Philadelphia, because 
of the salt spray which is constantly 
Evapo- 
ration permits salt to precipitate, which 
will, if not removed within a reasonable 
period of time, result in appreciable 
staining and some shallow pitting of 18 
per cent chromium steel and 18 per cent 
chromium, 8 per cent nickel steel. From 
the above, 18 per cent chromium, 8 pé 
cent nickel steel appears distinctly 
preferable. To insure satisfactory serv 
ice from the 18 per cent chromium, 8 pet 
cent nickel stainless steel in exposures 
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of this nature, the metal should be 
cleaned regularly. 


Recommended Practice for 
Installations: 


Decorative 


The following recommendations are 
presented for the selection, fabrication, 
erection, and cleaning of stainless steel 
for exterior architectural applications. 

In the development of a satisfactory 
stainless steel storefront, care and judg- 
ment should be exercised in selecting 
the proper type of material, surface 
finish, design and application. Surfaces 
should be vertical wherever possible to 
permit easy draining, thus avoiding 
stagnant pools. All areas should be 
readily accessible so that cleaning is easy. 

As a result of many tests and much 
experimental work, storefronts and mold- 
ing sections are produced from sheets or 
strip, or both. If sheets, a No. 4 finish 
or No. 7 is generally used, which is satis- 
factory since the sheets are ground and 
polished at the mill. If this surface is 
not disturbed during fabrication, it is 
quite suitable for service. Particular 
care should be taken in processing. 
Forming dies should be covered with 
paper or cloth to protest the polished 
surface against scratching or iron con- 
lamination. If strip is used in a rolled 
molding, as is usually the case, the sec- 
tion must be refinished by brushing and 
buffing or polishing and buffing to pro- 
luce a surface clean and bright for 
utside exposure. If improperly _fin- 
ished or if iron-bearing compounds are 
ised, surface discoloration usually re- 
Generally speaking, a good 
tushing with a Tampico brush and grit 
stick, followed by buffing to a high color 
and lustre, will produce a very satis- 
lactory finish. Buffing alone should not 
ve depended upon. 

In some cases, passivation in nitric 
atid before polishing is desirable, es- 


sults. 
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pecially in perforated sections where the 
brush or buff will not reach all surfaces. 

In designing a storefront, drainage and 
cleaning are very important. 
surfaces are mainly vertical, whether 
plain or fancy, they will be exposed to 
both rain and suhshine and will, there- 
fore, be subject to natural washing, 
draining, and drying. ‘This will do some 
cleaning and is highly desirable, es- 
pecially in well elevated areas where 
frequent cleaning is impossible. 
cessed areas will not benefit by such 
washing, but will tend to collect dirt and 
may suffer some corrosive attack und :r 
subsequent wet and dry _ conditions. 
The corrosion is due entirely to electro- 
lytic action set up in small concentration 
cells where dirt or other foreign matter 


is permitted to lodge and wet and dry | 
If such recessed arcas © 


conditions exist. 
are necessary, it would be advisable to 


enamel the inner surfaces, which would | 
not only offset this condition to a large 


extent, but would also offer a contrast 
to the bright, gleaming outer surfaces, 
which very often may be highly desir- 
able. 
under marquees, where subject to mois- 
ture, condensate and gases from the at- 
mosphere and not benefited by natural 


washing should be given proper care or— 


such design should be avoided. 


articular attention should be given to | 


designing sections so that they will be 


readily accessible for easy cleaning. It 


is of utmost importance that storefronts 
or moldings be frequently cleaned .to- 
maintain their brilliance. Highly pol- 
ished and buffed surfaces should be used. 
Dull or pickled finishes should not be 
employed as they will tend to collect 
dirt more easily and present an un- 
sightly appearance, just as will a dirty 
window, possibly starting corrosion. 
Erection of the stainless sections 
should be done with the same degree of 
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any other similar product made of brass 
or bronze. It should not be scratched 
or smeared with cement, plaster, or 
other foreign matter. After erection, 
all sections should be thoroughly washed 
down with whiting, whiting and fine 
pumice or Bon Ami and ammonia water 
to remove any and all dirt, finger marks, 
etc., accumulated during installation. 
After washing, it should be rinsed with 
clean water and dried with a clean cloth 
or chamois. 

From this point on, if previous proc- 
essing has been satisfactory, the main- 
tenance of a beautiful front is entirely 
dependent on subsequent cleaning. 
Stainless steel sections should be washed 
regularly along with the windows, about 
every week or two. In general, plain 
water or ammonia water and a cloth will 
be sufficient. It would be best, how- 
ever, to use some light cleanser such as 
Bon Ami or whiting. Along the sea- 
coast and in some industrial districts 
where the atmosphere is contaminated 


with salt, dirt and sulfur dioxide, cleay 
ing about three or four times a year wit} 
pumice added to the whiting may 
necessary to remove the entire scum or 
deposit. This can best be determine 
for the individual installation after 
several regular cleanings. 


Frequent and proper cleaning cannot by 
too strongly stressed. 


There is no doubt that stainless steel 
of the correct type, when designed, 
fabricated, erected and maintained prop- 
erly, as evidenced by experience over 
the past 10 yr., will give a good account 
of itself and present its original, bright, 
lustrous appearance indefinitely. 


Respectfully submitted on behalf of 
the special subcommittee, 
C. C. SNYDER, chairman 
V. N. KRIVOBOK 
F. H. FRANKLAND 
H. J. Huester, and 
J. A. FOUILHOUX 


RE. 


nron 
sent 
study 
to de 
that 
res 
heat 
tible 
two 


| 
varbor 
hea 
= CCK 
and 
reque 
= ei 
graph 


Two heats of austenitic 18 per cent 
chromium, 8 per cent nickel steels were 
to cooperating laboratories for 
| study. The purpose of the study was 
to determine the nature of the material 
that is precipitated at the grain bounda- 
ries when an austenitic steel is given a 
heat treatment that renders it suscep- 
tible to intergranular corrosion. The 
two wrought steels investigated had the 


W. D. Forgeng, Union Carbide and Carbon 
iollowing compositions: Research Laboratories 
Heat No. 1 Heat No. 2 

Carbon, per cent....... 0.065 0 098 rhe etching reagents in Table I were 
Manganese, per cent.... 0.43 0.39 employed for the development of the 
‘icon, per cent. ....... 0.40 structures in the photomicrographs sub- 
romium, per cent... .18.15 18.00 : 
‘ickel, per cent........ 8.89 9 79 mitted by the cooperating laboratories: 
TABLE I.—ETCHING REAGENTS. 
Reagent Conditions Laboratory | some 


0; (5 per cent), electrolytic Not stated 
c acid, electrolytic 
aregia and glycerol......... 
cacid (10 per cent)......... 
acid (10 per cent)......... 
olic HCl (10 per cent)... ... | 


6 v., 15 sec. 
10 min. 


samples of each of these steels were 
nealed and then heat treated for 1 
eek at the temperatures 550, 650, 750, 
4850C. They were then submitted 

several metallographers who were 
‘quested to use their preferred method 
‘etching and to submit photomicro- 
graphs of the structures revealed. The 
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REPORT ON METALLOGRAPHIC EXAMINATION OF 18 PER CENT 
CHROMIUM, 8 PER CENT NICKEL STEELS 


SUBCOMMITTEE VI ON METALLOGRAPHY 


v., 10 to 40 sec. 

Repolished and re-etched 
several times 

10, 40, 70, and 100 sec. 


magnifications requested were 100 and 
750 diameters. The cooperating metal- 
lographers were: 


G. A. Holderness and Lt. Com. W. S. Kurtz, - 
U. S. Navy 
J. W. Carey, International Nickel Co. 
G. A. Ellinger and H. S. Rawdon, National 

Bureau of Standards 
J. R. Vilella, U. S. Steel Research Labora-— 


tories 


Navy D 
International Nickel J 
U. S. Steel | S 
Bur. of Stds. R 
UC & C Res. Labs. 
UC & C Res. Labs. 3 


Laboratory R also investigated the 
action of the following reagents upon 
the specimens from heat No. 1, which 
had been heated at 550 and 750 C. 
respectively: 

HNO; (10 per cent) in alcohol, electrolytic, 

30 sec. 
Saturated solution of picric acid in alcohol, 
electrolytic, 30 sec. 


it 
- 1 
ie 4 
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750 C. 850 C. | Alk 
Fic. 1.—Laboratory D. Heat No. 1 Material Etched (Electrolytic) in Perchloric Acid (5 per cent) Na 
(X 750). 5 
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NH,OH (10 per cent) in water, electrolytic, 
30 sec. 

NayCO; (10 per cent) in water, electrolytic, 
30 sec. 

Ammonium citrate (10 per cent) in water, 
electrolytic, 30 sec. 


(NH,)2S.O, (10 per cent) in water, 
lytic, 20 sec. 
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Oxalic acid (10 per cent) in water, 15 and 
45 sec. 


Each specimen was polished and 
etched progressively with each reagent. 
Laboratory R found that it was not 
possible to determine exactly the etch- 


‘4 
650 C 
. 
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.2.—Laboratory J. 


Heat No. 1 Material Etched (Electrolytic) in Oxalic Acid (10 per cent) 7 


(x 750). 


Glacial acetic acid (10 per cent) in water, 
electrolytic, 30 sec. 

Vne gram of pyrogallic acid in 20 ml. of 
NaOH (30 per cent), electrolytic, 30 sec. 
Alkaline sodium picrate, boiling, 10 min. 

— lg per cent) in water, electrolytic, 


ing effect of each reagent. It was 
stated however that the 10 per cent so- 
lution of ammonium persulfate in water 
offered some possibilities as an etching 
reagent that was somewhat slower than 
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650 C., Etched 100 sec. 


% 
/ 
‘ ¢ 
/ , 
/ f 
750 C., Etched 750 C., Etched 750 C., Etched 
10 sec. ; 40 sec. 100 sec. 


j \ 
\ = 
850 C., Etched 10 sec. 850 C., Etched 100 sec. 


| Fic. 3.—Laboratory R. Heat No. 1 Material Etched (Electrolytic) in Oxalic Acid (10 per cent) 
(X 750). 
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oxalic acid and more rapid than sodium Sodium cyanide, oxalic acid, and 
cyanide. ammonium persulfate etched the speci- 
The same specimens were again pol- men, each apparently etching the same 
aa ished and a comparison was made be-_ spots and areas as the others. When 
tween each of the reagents and ammo- etching lightly with oxalic acid and the 
nium persulfate. __-persulfate, the results were identical 
( 
foe c. 850 C. 
Fic. 4..Laboratory S. Heat No. 1 Material Etched in Aqua Regia and Glycerol (X 750). 7 
= 
The specimen that had been heated with those obtained in a far greater time 
550C. was not etched by HNO; (1. with sodium cyanide. 
e er cent), picric acid, sodium carbonate, The specimen that had been heated 
‘ammonium citrate. Ammonia and at 750C. was attacked by all reagents. 
eit iling alkaline sodium picrate each Nitric acid (1 per cent) etched the speci- 
etched the specimen slightly. men to a considerable extent, but did 
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not reveal all of the features that were 
shown when etched with the persulfate. 
Twins or grain boundaries that did not 
contain localized constituents were not 
revealed by nitric acid. 

Picric acid likewise etched certain 
features but not all. It 


is believed 
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/ 
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750 C. 


Very little etching resulted from the 
use of acetic acid solution. Each par. 
ticle that was etched was later over. 
etched when ammonium persulfate was 
used. 

The solution of pyrogallic acid in 
sodium hydroxide has been recom- 


\ 


850 C. 


Fic. 5. Laboratory T. Heat No. 1 Material Etched (Electrolytic) in Oxalic Acid (10 per cent) 


(X7 


that picric and nitric acids reveal the 
same constituents. 

Ammonium hydroxide, sodium car- 
bonate, and ammonium citrate all etched 
the specimen, but as in the case of the 
acids above, not all features were re- 
vealed. 


50). 


mended as a reagent for the etching of 
iron carbide. Normally, specimens are 
immersed in the cold solution for a period 
of 10 to 15 min. It is claimed that the 
results are exactly the same as those 
obtained with boiling alkaline sodium 


-picrate. The specimen did not etch 
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when used in this manner but did etch 
when used electrolytically. Apparently 
the same constituents were etched with 
the persulfate. 

The specimen was slightly etched in 
localized areas when boiling sodium 
picrate was used. 

The use of aqua regia in glycerol was 
advocated by laboratory S as an etching 
reagent because of its ability to disclose 
the individual carbide particles occur- 
ring at the grain boundaries. It was 
felt that the information disclosed by 
etching with that reagent was more 
significant than that obtained from rea- 
gents that attack the grain boundaries 
primarily but fail to disclose the gradual 
changes occurring in the size and dis- 
tribution of the carbide particles. 

In the photomicrographs of speci- 
mens etched electrolytically with oxalic 
acid by laboratories R and T it was 
noted that a duplex structure was appar- 
ent at the grain boundaries of the speci- 
mens treated at 750C. This phenom- 
enon was more evident in the low-carbon 
steel, heat No. 1. In view of this cir- 
cumstance, the cooperating Jaboratories 


were requested to make a re-examina- 
tion of that particular specimen. 

The results of this re-examination 
xem to lead to the conclusion that the 
duplex structure can be detected in that 
specimen by means of the oxalic acid re- 
agent. Laboratory S, however, doubted 
that the duplex structure was significant, 
since although the structure was re- 
vealed by the oxalic reagent, the results 
with aqua regia and glycerol were 
anomalous. It was found that while a 
similar condition was revealed by the 
atter reagent, this was made to disap- 
pear by polishing and re-etching several 
limes, 

Another significant result of the pre- 
liminary examination was the observa- 
tion that at 550 C. precipitation occurred 
nly at the main boundaries of the 
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austenite grains. At 650 C. and 750C., 
precipitation occurred at both the twin 

and grain boundaries, while at 850 C. 

the precipitation occurred chiefly in 

the twin boundaries and irregularly at 

the grain boundaries. 

Photomicrographs of the low-carbon 
steel, heat No. 1, at a magnification of | 
750 diameters are reproduced in Figs. — 
1 to 5, inclusive. The photomicrographs 
at lower magnification as well as those 
of heat No. 2 showed no features that 
are not illustrated by the above figures, 
so it was felt that their reproduction was 
unnecessary. 

The significance of the duplex struc- 
ture at the grain boundaries of the 
sample heated to 750C. is a matter of 
conjecture. The appearance is undoubt- 
edly due to a rounding of the edges of 
the grains on either side of the carbide 
network. It is possible that this indi- 
cates the presence of an easily corrodible 
material in the vicinity of the carbides. 
This easily corrodible material is evi- 
dently present also in the samples heated 
at the lower temperatures but the plate- 
like carbides are not. In the 850C. 
sample only the plate-like carbides are 
present. There is a correlation of these 
observations with the known suscep- 
tibility of heat-treated 18 per cent 
chromium, 8 per cent nickel steel to 
intergranular corrosion. Heating at 
temperatures from about S00C. to 
700 C. renders an 18 per cent chromium, 
8 per cent nickel steel very susceptible 
to intergranular corrosion, but con- 
tinued heating above the latter tempera- 
ture decreases the susceptibility, and 
heating at 850°C. eventually stabilizes 
the steel completely. 


Respectfully submitted on behalf of 

the subcommittee, 
RUSSELL FRANKS, 

Chairman. 
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FATIGUE OF METALS 


During the past year the Research 
Committee on Fatigue of Metals held a 
meeting in Columbus, Ohio, on March 
6, 1939, during the spring meetings of 
A.S.T.M. committees. At that meet- 
ing there were discussions of the progress 
of the investigation of effect of type of 
testing machine on fatigue test results, 
of several proposed papers of interest 
to the committee to be presented at 
this annual meeting of the Society, and 
of fatigue test results of especial interest 
reported during the year. 

The investigation of the effect of 
type of testing machine on fatigue test 
results, the program of which was out- 
lined in the 1938 report of the com- 
mittee,' is well under way. There has 
been some delay in receiving a supply 
of uniform material for the tests, but 
a supply of heat-treated alloy steel has 
been received and distributed to the 
cooperating laboratories which are to 
make tests. Test results have been 
received from two laboratories, and 
finished specimens of the metal are in 
the hands of all the laboratories but one. 
The supply of metal for tests of a low- 
alloy steel has not yet been received 
but is expected shortly. 

Tests are being made on the following 
types of machines: (/) rotating-beam 
with two symmetrical loads (R. R. 
Moore type), (2) rotating-cantilever, 


1 Proceedings, Am. Soc. Testing Mats., Vol. 38, Part I, 
p. 110 (1938). 


(3) Haigh tension-compression, and (4 
de Forest Rayflex vibratory type. The 
final finishing of all specimens is being 
done in one laboratory. The investiga- 
tion has sufficient funds to continue its 
work during the next year on the modest 
scale originally outlined. 

The committee calls attention to the 
following three papers on the subject 
of fatigue which are to be presented at 
this annual meeting of the Society: 

“Fatigue Tests of Wire,” by C. P. Wampler 
and N. J. Alleman,? 

“Fatigue Strength of Machined Forgings 6 
to 7 in. in Diameter,” by O. J. Horger and H. 
R. Neifert,*. and 

“Fatigue Machines for Testing Structural 
Units,” by R. L. Templin.* 

During the year the committee has 
continued its cooperation with Melals 
and Alloys in the publication in that 
journal of abstracts of current articles on 
fatigue of metals. 


This report has been submitted to 
letter ballot of the committee which 
consists of 20 members; 11 members 
returned their ballots, all of whom have 
voted affirmatively. 


Respectfully submitted on behalf of 
the committee, 
H. F. Moore, 
Chairman. 


2 Published in ASTM Buietin, No. 101, December, 
1939, p. 13. 

See p. 723. 

4See p. 711 


210 


Meel 


Di 
Rese: 
perat 
unde 
Socie 


the 


= 

. @ 

| REPORT OF THE RESEARCH COMMITTEE . 

EI 
A se 
be h 

City, 
this 
AS. 
Th 

Appl 
Powe 
spon: 
1938 
meet 
to b 
at th 

Fina 

TI 

ASt 
Ey 
| and 
| 
| 


d to 
hich 
ibers 
have 


lf of 


EFFECT OF 


on 
Meelings: 


During the past year, the Joint 
Research Committee on Effect of Tem- 
perature on the Properties of Metals, 
under the sponsorship of the American 
Society of Mechanical Engineers and 
the A.S.T.M., held one meeting: on 
November 18, 1938, in Columbus, Ohio. 
A second meeting of the committee will 
be held on June 28, 1939, in Atlantic 
City, N. J., prior to the presentation of 
this report at the annual meeting of the 
AS.T.M. 

The committee mane with the 
Applied Mechanics Division and the 
Power Division of the A.S.M.E. in 
sponsoring a session on December 6, 
1938, in New York City, at the annual 
meeting of the A.S.M.E. ‘Two reports, 

) be referred to later, were presented 
it that time. 


Finances: 


There appears in Table I a summary of 
ne administration of funds during the 
st year, as of May 31, 1939. 
Expenditures have been authorized 
| payments made to date on several 
earch projects, as follows: 


Maximum 
Expenditure Payment 
Authorized Made 
ect No. 13 Low-Tempera- 
ure Studies. . $ 500.00 
ectNo.18 Effect of Manu- 
turing Variables 2 500.00 $1 231.31 


"ganization and Membershi p: 


There have been no changes i in organ- 
ation or membership since those re- 
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corded in the 1938 report of + the com- -— 
mittee. 


High-Temperature Test Methods: 


Although no criticisms nor comments 
have been received during the past year 
relative to the Tentative Method of 
Test for Short-Time High-Temperature 
Tension Tests of Metallic Materials 
(E 21-37 T), the committee recom- 
mends that the method be continued as 
tentative. 

A complete revision of the Tentative 
Method of Test for Long-Time (Creep) 
High-Temperature Tension Tests of 
Metallic Materials (KE was 
submitted last year. The committee 
recommends that this method also be 
continued as tentative. 


Research Projects: 


There follows a summary of progress 
made in the various research projects 
during the year ending June, 1939. 


Project No. 10 on Testing of Tubular 
Members at Elevated Temperatures, at 
the Massachusetis Institute of Tech- 
nology (F. H. Norton, chairman).—A 
report! of this work was presented at the 
A.S.M.E. annual meeting on December 
6, 1938, in New York City. The com- 
mittee is now soliciting funds for the 
continuation of this research project. 

Project No. 11 on Assembly and Inter- 


“Creep in Tubular Pressure Vessels,”’ by F. H. Nor- 
ton, , Trensactions, Am. Soc. Mechanical E ngrs., April 
(1939). 
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pretation of Available Creep Test Data 
at the University of Michigan (P. E. Mc- 
Kinney, chairman).—This project was 
completed in the summer of 1938 with 
the publication jointly by the sponsor 
societies of a Compilation of Available 


High-Temperature Creep Character- 
istics of Metals and Alloys, a bound 
volume of 848 pages. A total of 600 
copies were bound, and at the time of 
this report these are practically all sold. 

Project No. 13 on Investigations of the 
Properties of Metals at Low Temperatures 


(F. B. Foley, chairman).—This project 
committee has arranged a Round-Table 
Discussion of Effect of Subatmospheric 
Temperatures on the Properties of 
Metals, to be held at Atlantic City, 
N. J., on June 27, 1939, during the 


TABLE I.—SUMMARY OF RECEIPTS AND EXPENDITURES OF COMMITTEE FUNDS. 
RECEIPTS 
September, 1938 Interest on funds...... $ 83.60 
November, 1938 The Engineering Foundation.......................... 500.00 
January, 1939 The Engmeering Poundation. 500.00 
$1 083.00 
I.XPENDITURES 
1938 
May Battelle Memorial Institute (Project No. 18)................. $234.36 
Battelle Memorial Institute (Project No. 12)................. 500.00 
734.36 
June Battelle Memorial Institute (Project No. 18)................. 71.33 
University of Michigan (Project No. 15)..................... 600.00 
671.33 
University of Michigan (Project No. 11)..................... 664 . 39 
672.30 
December A.S.T.M. (Publication “Creep Data’)... .. 500.00 
500.00 
1939 
February Ogilvie Press 7.91 
Battelle Memorial Institute (Project No. 18)................. 124.16 
132.07 
March Battelle Memorial Institute (Project No. 18)................. 388.61 
Mack Printing Co. (Preprints, Norton Paper)................ 11.00 
399.61 
May Battelle Memorial Institute (Project No. 18)................. 246.09 
Battelle Memorial Institute (Project No. 18)................. 472.45 
718.54 
$3 828.21 
7 152.92 


annual meeting of the A.S.T.M. The 
project committee will then prepare 4 
brief on the subject, abstracting the 
round-table discussion, and include rec- 
ommendations for research in this field. 

Project No. 15 on Torsion-Creep Tests 
for Comparison with Tension-Creep Tests 
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183.0 
152.92 


828.21 


324.71 


The 
are & 
g the 
le rec- 
; field. 
» Tests 
» Tests 


7 ON EFFECT OF TEMPERATURE ON PROPERTIES OF METALS | 213 


(A. E. White, chairman).—This project 
was completed during the year, and a 
detailed report of work prepared by F. 
L. Everett and C. L. Clark appears in 
Appendix I. 

Project No. 16 on Relaxation Tests 
E. L. Robinson, chairman).—This proj- 
ect committee rendered a report in the 
form of a paper. by E. L. Robinson 
entitled “The Resistance to Relaxation 
of Materials at High Temperatures,” 
presented at the A.S.M.E. annual meet- 
ing on December 6, 1938. The paper 
will be published in an early issue of 
the A.S.M.E. Transactions. 

Project No. 17 on Study of High- 
Temperature Life-Test Methods (A. E. 
White, chairman).—A progress report 
on this study was submitted last year.’ 
Further work has been carried out 
during the year to determine whether 
the test method would reveal the effect 
of variations in grain size, and a de- 
tailed report of the work appears as 
Appendix IT. 

Project No. 18 on Study of Effects of 
Manufacturing Variables on the Creep 
Resistance of Steels (H. W. Gillett, chair- 
man).—In the 1938 report® of the com- 
mittee, it was shown that at tempera- 
tures of 750 to 950 F., medium-carbon 
steels showed better creep resistance 
vith a coarse than with a fine austenitic 
grain size. The project has been con- 
tinued this year, testing low-carbon 
steels made with different deoxidation 
practices. The work is still in progress 
and the data are incomplete. 

The following materials are under 
lest or available: 


Silicon Ferrite, 

Ingot iron, 0.016 per cent carbon—complete 
furnace practice known, 

1,06 to 0.08 per cent carbon steel—rimmed, 
furnace practice known, 


- E. White and C. L. Clark, “Report on Acceptabil- 
for High-Temperature Characteristics,” Pro- 
rae Am. Soc. Testing Mats., Vol. 38, Part I, p. 142 


0.08 per cent carbon steel—silicon-killed, fur- 
nace practice known, 

0.15 per cent carbon  steel—aluminum-— 
killed (2 lb. per ton), furnace practice — 
known, 

0.15 per cent carbon steel— silicon-aluminum- — 
killed (1 Ib. per ton), furnace practice 
known, 

0.15 per cent carbon steel—silicon-killed, — 
furnace practice known, 

0.11 to 0.14 carbon-zirconium-treated steels, 
and 

0.19 carbon British steel “E” (referred to in 
Appendix IV of Joint Committee report | 
for 1937)‘, 


It is planned to test all of these mate- 
rials heat-treated to produce both fine 
and coarse austenitic grain. Tests in 
progress on the rimmed and killed steels 
have checked the findings of others that 
killed steel shows superior creep resist- 
ance to rimmed steels. The core of 
the rimmed steel is superior to the skin > 
material. Variations in cooling rate 
have been made during the heat treat- 
ments of the 0.15 per cent carbon steel — 
so as to produce different ferrite grain 
size and structure in material of the 
same austenitic grain size. 

Room temperature tension and im- 
pact data are to be obtained on the 
steels given the various heat treatments 
used for the creep test specimens. The 
work is about half completed and it is 
hoped to present a report at the annual» 
meeting of the A.S.M.E. in December, 


1939, 
Project No. 20 on Grain Size—A Sum- 


mary of Terminology (R. H. Aborn, 
chairman).—Due to the very important 
positon that grain size has taken in the 
consideration of creep and other high- 
temperature characteristics of materials, 
the committee has noted the need for a 
primer on grain size and has assigned 
the work of preparation to a project . 
committee. The work is well under 

3 Proceedings, Am. Soc. Testing Mats., Vol. 38, Part I, 
p. 149 (1938). 


4 Proceedings, Am. Soc. Testing Mats., Vol. 37, Part I, 
p. 187 (1937). 
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way, and a report will be available later 
in the year. 

Project No. 21 on Listing of High- 
Temperature Testing Apparatus (G. F. 
Jenks, chairman).—This project com- 
mittee is preparing a list of all active 
high-temperature testing apparatus and 
methods in use in this country. This 
information will be of value to the com- 
mittee and the sponsors in the further 
activities of the committee. 

Project No. 22 on Correlation of All 
Test Data on K20 Steel (P. E. McKinney, 
chairman).— A great many high-tempera- 
ture tests of various kinds have been 
made on this 0.35 per cent carbon steel. 
The committee believes that a useful 
purpose will be served by collecting all 
of these test results and attempting a 
correlation. 

Project No. 23 on Effect of Tempera- 
ture on Non-Ferrous Metals and Alloys 
(A. B. Bagsar, chairman).— Due to in- 
creased interest on the part of the copper 

copper-alloy producers and con- 
sumers, the committee has appointed a 
project committee to determine the 
extent to which high-temperature in- 
vestigations of non-ferrous metals may 
be in progress, the amount of data on 
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such materials now available, to make 
recommendations as to procuring needed 
data, and to determine whether there are 
fundamental problems in which the com- 
mittee should take direct action. 

Correlation of Test Results.—The con- 
mittee has appreciated the desirability 
of attempting correlation of test results 
from various projects, especially when 
the same, or essentially the same, mate- 
rial was used. Such attempts at correla- 
tion are best handled by an individual. 
A Correlation of Test Results for Various 
Types of High-Temperature Tests Car- 
ried out for the Joint Research Com- 
mittee, prepared by E. A. Davis of the 
Westinghouse Research Laboratories, 
through the kind cooperation of Dr. A. 
Nadai, appears as Appendix III. The 
correlation uses test results from the 
work of Projects Nos. 10 and 15. 


Respectfully submitted on behalf of 
the Joint Research Committee, 
N. L. Mocuet, 
Chairman. 
H. J. Kerr, 
Vice Chairman. 
J. W. Botton, 
Secretary. 
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APPENDIX I 


REPORT ON TORSION CREEP TESTS FOR COMPARISON WITH 
TENSION CREEP TESTS ON A CARBON-MOLYBDENUM 
STEEL 


(PROJECT 


Prepare BY F. L. Everett anp C. L. Clark 


During the June, 1936, meeting of 
he A.S.M.E.-A.S.T.M. Joint Research 
Committee on Effect of Temperature on 
the Properties of Metals, one of the au- 
thors, at the suggestion of A. E. White, 
resented a general program involving 
xperiments in creep due to twist. An 
nvestigation had been made! in which 
thin-walled tube specimens were sub- 
ected to various constant torsional 
stresses over prolonged periods which 
indicated this method of creep testing 
ould furnish important practical infor- 
mation. 
Cases in design in which the loading is 
her than simple tension must be based 
either experiments conducted under 
milar conditions of combined stress, 
emperature, and time, or a suitable 
cory must be applied to extrapolate 
he more abundant experimental infor- 
ition found from the tension test. 
the problem of designing a structure sub- 
ted to combined stresses of static 
e in which elastic conditions obtain 
y safely be said to be solved for the 
esent by employing one of the various 
rength theories.2 In practice various 
chine parts are subjected to compli- 
ted stresses and high temperature, 
ich as tubes and piping under internal 


F. L. Everett, “Strength of Materials to 
ar at High Tempe ratures,”’ Transactions, Am. Soc. 
hanical Engrs., APM-53-10 (1931). 

a textbook on Strength of Materials. The 
‘t of Huber, Mises, and Hencky appears useful for 


pressure and rotating disks and shafts. 
Some attention has been given this more 
complicated creep problem.’ 4 

In a desire to lend assistance to fur- 
thering the study of creep under com- 
bined stresses, the Joint Committee 
authorized an expenditure of $1200 for 
creep experiments on a carbon-molyb- 
denum steel under pure shear and under 
simple tension. The fundamental pur- 
pose of the investigation was to find 
what relationship might exist between 
the creep properties of a given material 
when subjected in one case to shear, as 
in a tube in torsion, and when subjected 
in the other case to direct tension in the 
usual cylindrical specimen. A program 
was developed in which a_carbon- 
molybdenum steel whose properties and 
manufacturing history are given in 
Appendix A to this report® were to be 
investigated by means of testing eight 
specimens each in torsion creep and in 
tension creep. Two temperatures, 
800 F. (427C.) and 1050 F. (566 C.), 
and four different stresses for each 
temperature were to be used to deter- 
mine the creep characteristics under 
each kind of creep. 

3 R.W. Bailey, “Design Aspects of Creep,”’ paper read 
before Inst. Mechanical Engrs. (London), November 22, 
1935. See abstract in Transactions Am. Soc. Mechanical 
mare, Vol. 58, p. A- 1 (1936). 

R. Soder vere. “The Interpretation of Creep Tests 
for a te Design,” Transactions, Am. Soc. Mechanical 


Engrs., Vol. 58, PP-58-15, p. 733 (1936). 
5 See p. 223. 
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Torsion CREEP INVESTIGATION 


The specially designed equipment and 
the tubular specimens are described 
and illustrated in an earlier publica- 
tion.' For ready reference, however, 
a brief discussion is given here. One 
of the two torsion creep units is shown 
in Fig.1. The tubular specimen (Fig. 2) 


Fic. 1. 


_ is contained in the electric furnace which 
has several taps for adjustment of tem- 
perature along the length of the specimen 
‘to a variation of within plus or minus 
4F. Thermocouples were attached at 

three locations on the wall of the tube 
specimen. Temperature control is ef- 

fected by Foxboro apparatus. The 
lower end of the specimen is attached to 
the frame and the upper end is twisted 
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by a constant torque supplied by at. 
taching dead weights (below the pic. 
ture) to wires applied to give a couple 
to a circular disk mounted at the top 
of the machine. 
Angular strain—shear creep—was ob- 
served at 24-hr. intervals by one of two 
methods over a period of time—1000 hr. 


i, 


Torsion Creep Unit. 


in the present experiments. A bar and 
a tube are each attached inside at two 
cross-sections of the specimen at 41. 
apart and brought down below the lower 
plate of the machine. 

In the first method, light beams from 
two projectors cast marks on a curved 
graduated scale and the relative angle 
of twist and shear strain was determined 
as a function of the time. The sensitlv- 
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ity is about 8.12 X 10° shear strain so 
that a creep rate of 0.0338 per cent per 
1000 hr. can be observed if readings 
are taken at 24-hr. intervals. 

The more sensitive method employs 
an optical assembly consisting of a 
mirror which is rotated between two 
arms attached to the rod and tube men- 
tioned above, telescopes, and illuminated 
sales. The sensitivity is approximately 
33.8 X 10°° shear strain and therefore 
a creep rate of 0.000141 per cent per 
1000 hr. can be observed at 24-hr. inter- 
vals. The mirror system is about 240 
times as sensitive as the projector 
method described above and is useful, 
therefore, in detecting creep where the 
rates are exceedingly small. 


The torsion creep results are shown in 


Figs. 3and 4. Part of the initial elastic 
and plastic strain in each case is not 
shown in the graphs. The results of the 
first test, using specimen No. 1, are some- 
what erratic. A second experiment at 
the same stress and temperature, how- 
ever, was performed, using specimen 
No. 10. 


TENSION CREEP INVESTIGATION 


The apparatus used for the tensile 
reep tests has been described many 
times in the literature. The stress is 
applied through a single lever and the 
deformation or creep is measured by an 
optical extensometer system sensitive 
to 2.8 X 10 in. per inch of the 2-in. 
gage length. 

As in the torsion apparatus, the elec- 
tric furnace is gap wound so that the 
urrent can be varied in three sections 
i‘ the furnace. Three thermocouples 
are attached to the surface of the speci- 
mens, at the two gage marks and the 
center of the gage section, and the tem- 
perature variation along the gage sec- 
lon is within plus or minus 2 F. The 
‘mperature is controlled by a Foxboro 
‘mperature controller and the hot 


junction of the control thermocouple is 
placed in direct contact with the furnace 
winding. ‘The temperature of the speci- 
men was checked daily with a Leeds & 
Northrup semi-precision potentiometer. 

Tensile creep tests were conducted 
on the committee’s 0.50 per cent molyb- 
denum steel at 800 and 1050 F. Four 
stresses were used at each temperature 
and each test was continued for at least 
1000 hr. with deformation readings 
being taken at daily intervals. 


Section A-A Section A A 
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(a) Torsion Creep 


(b) Tension Creep 
Specimen. i 


Specimen, 


Fic. 2.—Specimens for High-Temperature 
Creep Tests. : 


Test RESULTS 

The time-deformation curves obtained 
from the torsion creep tests are given in 
Figs. 3 and 4 while those from the 
tension creep tests are given in Figs. 5 
and 6. It should be noted that the 
sensitivity of the deformation scale of 
Fig. 5 has been greatly reduced. This 
was necessary because the stresses re- 
quired to produce continuous creep 
over a 1000-hr. time period were of such 
magnitude that a large amount of plastic 
deformation occurred upon the applica- 
tion of these stresses. The resulting 
strain hardening which was produced, 
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Time-Elongation Curves for 0.50 per cent Molybdenum Steel at 800 F. 


100 200 300 400 500 600 700 800 900 1000 1100 


Time of Test, hr. 
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however, rapidly decreased the rate of 
plastic deformation. 

In general, the stresses employed in 
the tensile creep tests were approxi- 
mately twice those used in the torsion 
creep tests. For example, at 800 F. the 
stresses in the tension tests ranged 
from 20,000 to 30,000 psi. and those in 
the torsion tests from 11,000 to 16,000 
psi. Likewise at 1050 F. the range in 
the corresponding stresses was from 7000 
to 12,000 and from 4500 to 9000 psi., 
respectively. 

In Fig. 7 the stresses and correspond- 
ing second stage creep rates from each 
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TABLE I.—TORSION CREEP AND TENSION CREEP 
CHARACTERISTICS OF 0.50 PER CENT MOLYB. 
DENUM STEEL AT 800 AND 1050 F. 


Stress for Desig- 
nated Creep Ratio, Torsion 


Tempera- Rate, psi. (Rate Creep to Tension 


Type of =per cent per Creep 
ture, deg. 000 h 
Fahr. Test 
At 0.01 At 0.10 At 0.01 | At 0.19 
per cent per cent per cent per cent 
800... Torsion 12 200 | 17 800 | 
0.63 0.0 
Tension | 19250 | 29 750 
1050.......| Torsion 4 950 7 500 
0.80 0.59 
| Tension 6200 | 12 800 


creep strength to tension creep strength 
is of the order of 0.6 for both creep rates 


100 000 + +4444 + + = 
Torsion Creep 81 
at 800 4 + t 80 + ++ 

Specimen, * Tension Creep 

No.3 

$8 Torsion Creep, 
Tat 1050 F.T — 
1000 

0.001 0.01 0.1 
Strain Rate, per cent per 1000 hr. at 1000hr., log scale _ 


Torsion Creep -Shear Strain 
Tension Creep- Axial Strain 


Fic. 7. 


of the two types of tests are plotted to 
logarithmic coordinates. On the basis 
of this relationship, the stresses cor- 
responding to creep rates of 0.01 and 
0.10 per cent per 1000 hr. can be deter- 
mined. These stresses are given in 
Table I. 

The stresses referred to in the table 
are maximum shear stresses in the case 
of the torsion experiments and maximum 
tensile stresses in the case of the tension 
experiments. 

At each of the temperatures, this steel 
possesses a greater resistance to creep 
in tension than it does to creep in tor- 
sion. At 800 F. the ratio of the torsion 


Torsion Creep and Tension Creep Carbon-Molybdenum Steel at 800 and 1050 F. 


considered. This ratio is likewise of 
the same order of magnitude for the 
stresses corresponding to the higher creep 
rate at 1050 F. For the lower creep 
rate at this latter temperature, however, 
the ratio is approximately 0.8. 


DISCUSSION OF RESULTS 


It is generally found that with steels 
at room temperature the ratio of the 
yield point in shear to the yield point 
in tension is about 0.6. From the values 


of Table I it is likewise apparent that 
the same ratio applies for the stresses 
required for both creep rates at 800 F. 
and for the higher creep rate at 1050 F. 
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This in turn may imply that the mecha- of the applied stress. experimental 

nism of deformation at 800 F., as well creep data under various combinations 

gs at 1050 F. under the more rapid of stress are required. 

deformation rates, is the same as that at Based on the following theoretical 

room temperature. analysis, some conclusions are obtained 
This belief is substantiated by the with respect to the results of the pres- 

fact that for this particular steel the ent creep investigation. 

strain hardening characteristics are pro- Assume*® 

nounced at both room temperature and 

800 F. While available evidence is not 

as ample, it is entirely possible that this ; “ 

same condition may also be true under > 2 

rapid deformation rates at 1050F. v2 

When strain hardening does occur, it is 

logical to assume that the deformation 

mechanism is the same and that defor- 


mation occurs by slipping along the 7 
crystallographic planes. 
In the case of the stresses required a en (3) 


for the lower creep rate at 1050F., Th 
the ratio is 0.8 rather than 0.6. This — 


in turn may imply that the mechanism  ¢, = 
of deformation is different under these 


or 


conditions, thus indicating the plastic — + (os — + 
characteristics to predominate. Various als 

theories have been advanced in the 1 

past claiming that plastic deformation — a2) + — o4)(— | 
occurs by the movement of crystals, 


rather than by slippage along crystallo- 
graphic planes, and the results shown in — + (or — 03)? + (os — 01) | 
Table I tend to support these theories. 

Additional data will have to be accumu- 


A 
lated, however, before too definite con- = onl 
is nt 


sions can be drawn. 


am i 
CoMPARISON OF EXPERIMENTAL + | E — — — a) | 
RESULTS WITH THEORIES 


or® 


For simple tension, = 01; = a3 = 0 


Some theoretical deductions have been oe 
made for the general case of creep under A (20,2) -0/2(2¢,) 
combined The need has 
veen expressed for a better understand- Qin-1)/2 
ng of the fundamental relationship a= 4 2- /2(,) 
vetween the creep rate and the condition 
Ao," 
R. Soderberg, ‘Plasticity and Creep in Machine 
ign,” Stephen Timoshenko, Sixtieth Anniversary 8 Equations 1, 2, and 3 are the usual equations variously 
ume, p. 197 (1938). employed by Bailey, Soderberg, Nadai, and others. 
adai, “On the Creep of Solids at Elevated Tem- % The final equation is incorrectly pre - ~ (probably 


matures, Journal Applied Ph Vol. 8, 418 typesetter’s error) in the discussion by J. Marin, Transac- 
of Physics, Vo ‘Am. Soc. Mechanical Engrs., Vol. 59, p. 510 (1937). 
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— 0 EXPERIMENTAL DATA AND DERIVED 
Fe or pure shear, = —¢2; VALUES OF 
Torsion Creep Tension Cree 
2) (n—1)/2 
Tmax.,| cen cen 
3 (gy) | psi. per psi. | per 
1000 1000 
hr. hr. 
A 800 F. 11.000 0.0033 22.000 | 0.018 
= 
12000 0.0143 25 000 0.034 
.08 
14000 0.023 30 000 0.112 
33 
1050 F 4500 0.006 7000 0.015 
8.18 2.87 
4. 5670 0.035 8000 0.022 
Tinax 1.35 3.40 
500 0.051 10 000 0.047 
> 14.29 3.05 
For pure shear 9000 0.690 12000 0.082 


grax 


A Tinax| 


A Tinaxg 


Tmax} v1 
Tmax 

n log 


2 
= log” 
Tmax} 


log 


n= 
log 


Fc or simple tension = 


é, = Ao," 

n 

n 

Ao}, 

p 


n log = log 


Fi 


Tmax} 


Sa “CRE: 


The curves of Fig. 8 have been pre- 
pared by plotting o, for the tension creep 
tests to twice the scale of the tox for 

the torsion creep tests. The assumption 
is made that the values of m may be 
compared upon the basis of the maxi- 


-mum shear stress in each case. (For 
“the case of simple tension 6) = 2tmax): 
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Fic. 8.—Values of “n” on Basis 0; = 2 Tmax 
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As may be seen from the plotted re- 
sults for the torsion tests, the values of 
n appear to be greatest for both rela- 
tively low and high maximum shearing 


30000 
Ns 
| 
32000 
aok 
+ 
acc 
282 
0 | 
Values of “n” 
9.—Values of “‘n” on Basis 61 = V3 Tmax. 
'eSS€S, Tux. The range of strain rates 


er which the tension creep tests were 
rformed was smaller than for torsion 
nd therefore, perhaps, a similar conclu- 
sion is not evident. The observation 


4 APPENDIX A 


HISTORY OF 


ANALYSIS AND MANUFACTURING 


he material was furnished by the 
Babcock & Wilcox Co. through Mr. 
H. J. Kerr, chairman of Project No. 19. 
Mr. J. B. Romer, Chief Chemist of the 
mpany, has given the following infor- 
mation as regards the material for Proj- 
tNo. 15: 
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appears not illogical. Perhaps the value 

of m may be considered a constant only 

over a comparatively small range of 

stress. 


Log of Stress 


Log of Minimum Rate of Creep 


The slope of the assumed curve, shown 
above, is 1/n. 

One may observe in Fig. 8, that the 
values of m for the two types of creep 
tests are of the same order of magnitude 
on the selected basis of plotting in which 
= 

The stress invariant, s, might be a 
more rational basis for comparing the 
relative values of m. For pure torsion, 
referring to Eq. 2, since 0, = —o. = 
Tmax and o; = O, the stress invariant, 
s, is found to be V3 Tmax. For simple 
tension, since o; = a; and o2 = a; = 0, 
the stress invariant is simply o;. Figure 
9 was prepared on the basis of the stress 
invariant, s, plotted against the values 


of n, that is, 0,5 = V3 Tmax. The agree- 


ment appears to be closer than for a 
man 


plotting of o, = as shown in 


Fig. 8. 


THE CARBON-MOLYBDENUM STEEL 


Analysis of the Material: 
Heat No. 37239 ; 
Ladle Check 

Carbon, per cent 6.35 0.146 
Manganese, percent... 0.53 0.54 
Sulphur, per cent 0.016 0.018 
Phosphorus, percent... 0.016 0.015 
Silicon, percent... 0.21 0.21 
Chromium, per cent . 
Molybdenum, per cent.. 0.56 0.53 
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Manufacturers Data: creep specimens were machined as 
Information pertinent to the manu- described in Fig. 2.) 

facture of the steel described herein was Material from this same heat was also 

supplied by the Crucible Steel Co. of supplied on other projects to; 

America. The data given follows: H. W. Gillett, Battelle Memorial 

Institute 


Type Melting Furnace —Open Hearth 
Capacity—60 tons C. L. Clark, University of Michigan 


Lining type—Basic G. W. Wright, General Electric Co, 
Ingot size—1}-in. round bars: H. D. Newell, Babcock & Wilcox 
21-in. square at top; 19-in. square at bot- Tube Co. 
tom; weight, 7000 Ib. 
5-in. diameter billets: 
18-in. square at top; 16-in. square at 
bottom; weight, 5000 Ib. 
Location of Ingot Cut—Bars for creep tests 
taken from middle cut. OS 


Heat Treatment: 


The material was annealed in a car- 
type gas fired annealing furnace. The 
annealing treatment was as follows: 

Heat to 1350 F., hold 1 hr., furnace 
cool 50 F. per hour to 1100 F., remove 
and cool in still air. 
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Top View 


© 
& 
S 


K 
| 
° 

! 

} 

' 
D 

! 


37239 


Motch Marks 


Brinell -Tests: 


Brinell tests after the above heat 
treatment gave values as follows: 5-in. 


round billets—131. 
Distribution of Material: 


1 piece tube 43 in. in outside diameter 
by ? in. wall by 3 ft. long, to F. L. . 
Everett, University of Michigan. Fic. 10.—Location and Numbering of Specimens 
(This material was not called for in Used in High-Temperature Creep Tests. 
the program and is still on hand.) F. H. Norton, Massachusetts In- 

1 piece billet 5-in. diameter by 1 ft. stitute of Technology 
6 in. long, to F. L. Everett. (This In Fig. 10 is shown the manner in 
piece was received at the University which the torsion and tension creep 
of Michigan cut in two lengths, specimens were located in the billet re- 
from which torsion and tension ceived from the Babcock & Wilcox Co. 
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APPENDIX II 


vt REPORT ON FURTHER EXPERIMENTS WITH A PROPOSED 
om ACCEPTANCE TEST: EFFECT OF GRAIN SIZE 


= (Project No. 17) 


PREPARED BY C. L. CLARK AND A. E. WHITE 


A report! was presented before the and, furthermore, the creep resistance 
American Society for Testing Materials of only three of these steels was known. 


in 1938 on the effects of manufacturing In order to obtain further informa- 
variables on the creep resistance of tion with respect to the relative merits 
I Here steels. The chief variable considered of the short-time rupture test, it was 
in this study was the austenitic grain believed advisable to subject to this 
hed size and, on the basis of 500-hr. creep test certain of the steels used in the 
fe tests, it was found that for each of the study of manufacturing § variables. 


13 steels considered the coarse-grained Since certain information was available 
austenitic steels possessed a lower creep with respect to the creep characteristics 
rate, that is, a greater creep strength, of these steels, it could thus be deter-— 
than did the corresponding fine-grained mined whether or not the steels would be 
steels at the temperatures employed. arranged in the same relative order on 


TABLE I.—-CHEMICAL COMPOSITION OF STEELS USED IN ACCEPTABILITY TESTS. 


eel | Chemical Composition, per cent | Aluminum! McQuaid- 
gna- ¥ Addition, | Process Ehn Grain 
Mn | S si | percent Size 
. 0.46 0.54 0.016 0.030 | 0.23 | 0.105 | Basic Open Hearth 5 to7 
imens 0.51 0.75 0.018 | 0.033 | 0.21 |. | 0.10 | Basic Open Hearth 5 to7 
'S. 3 0.37 0.70 0.16 0.18 | 8 
K20 0.35 0.55 0.016 | 0.030 | 0.19 0.06 Basic Open Hearth 7 to 8 
; In- 


A report? was likewise presented which — the basis of the two tests. The results 


ode indicated that short-time rupture tests obtained are contained in the present 
creep lered a possibility of rapidly classify- report. 
ond ng steels of the same type with respect 

STEELS INVESTIGATED 


their relative order of creep strength. 


the basis of this work, however, too The steels used in this investigation 
“unite conclusions were noc permis- were obtained from Battelle Memorial 
e as only five steels were considered Institute in the form of 1-in. bars. In- 


Howard C. Cross and J. G. Lowther, “Progress formation with respect to their chemical 
on Study of Effects of Manufacturing Variables 

e Creep Resistance of Steels,” Proceedings, Am. Soc. Composition, melting practice, melting 
ng Mats., Vol. 38, Part I, p. 149 (1938). 1 McC id-Eh vrai 23 7 
A. E. White and C. L. Clark, ‘Report on Accepta- process, and -EL.nn grain size 


aan for High-Temperature Characteristics, are given in Table 1. With one excep- 
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(a) 1550 F., 45 min. (grain size B). 


~. 


b) 1800 I rain size 2 to 4 


Fic. 1.—-Austenitic Grain Size of Steel 54 (0.46 per cent Carbon). _ | 
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j n. (grain size 2 to 4). 
Fic. 2.— Austenitic Grain Size of Steel 56 (0.51 per cent Carbon). 4 
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grain size 8). 


1 hr. ( 


(a) 1600 F 


. (grain size 3 to 5). 


1 hr 
Size of Steel 393 (0.37 per cent Carbon). 


b) 2000 F., 


Austenitic 


rain 


Fic. 3 
‘1c. 3._ 
q sun 
4 


1900 F., 2 hr.; 1900 I 


Fic. 4. 


tion, the steels are of the plain carbon 
type, containing 0.35 to 0.51 per cent 


atrbon. Steel 393 likewise contains 
18 per cent vanadium. 

The steels were given the same heat 
treatments as employed by Battelle and 
special care was taken to have all the 
details in strict accordance with those 
previously used in order that the result- 
ing grain sizes would be the same. A 
portion of each steel was heat treated 
to produce a fine austenitic grain and 
this treatment consisted of air cooling 
fom either 1550 or 1600F. The re- 
maining portion of each steel was heat 
rated to produce a coarse austenitic 
grain. The temperatures for this pur- 
pose varied from 1800 to 2000 F. 

‘The microstructures of Figs. 1 to 4 
how the austenitic grain size for each 
i the steels in both conditions of heat 
‘ttatment and these same results are 


summarized in Table II. _ 


, ohr 


(grain size 1 to 3). 


Austenitic Grain Size of K20 Steel (0.35 per cent Carbon). 


If the results of Table Il be compared 
with those previously reported by Bat- 
telle, very good agreement will be 
found to exist. Slight differences are 


TABLE’ II.—-AUSTENITIC GRAIN SIZE WHEN 
SUBJECTED TO DESIGNATED TREATMENTS, 


Steel 
Designation 


Austenitic 


Heat Treatment 


52-1 1550 F., 45 min. 6 to 8 
52-2 1800 F., 45 min. 2to4 
56-1 1550 F., 45 min. 6to8 
56-2 1850 F., 45 min. | 2to4 
393-1 1600 F., 1 hr. & 
393-2 2000 F., 1 hr. 3to 5 
K20 (1) 1550 F., 45 min. 8 
K20 (2) 1900 F., 2 hr. and 6 hr. 1 to 3 


found in steel 393 in that the grain size 
variations in the coarsened steel was 
previously found to range from 2 to 5, 
and in the case of K20 steel, the previ- 


ous range was from 0 to 3. © - 
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PROCEDURE 
Description of the apparatus and 
procedure employed in the short-time 
stress-rupture tests were given in the 
earlier report.2 As previously stated, 
the test is relatively simple in that it 
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_ ship at each of the temperatures. It js 


thus possible to determine the stress 
corresponding to a definite fracture time. 
such as 10 hr. 

In the present investigation, speci- 
mens of each of the four steels were given 


TABLE III.—STRESS-RUPTURE DATA. 


Tem- Elon- 
. pera- ic... gation tion o 
D ture, Time, hr. in2in.,! Area, 
esignation deg. psi. per per 
Fahr. cent cent 
STEEL 52 

52-1% .......| 950 | 50250! S.T.T.S.* | 43.0 | 81.5 
950 45 000 0.083 41.5 80.3 

950 | 40000 0.60 43.0 77.2 

950 36 500 1.40 42.0 76.6 

950 29 000 10.0 43.0 | 74.5 

| 

850 63000 S.T.T.S. 40.5 79.9 

850 58 000 0.083 40.5 78.4 

850 49 000 2.88 40.5 76.4 

850 45 000 6.41 39.5 76.3 

52-2 | 950 (51500 S.T-T.S. | 35.0 | 72.3 
950 41 000 0.63 37.5 68.6 

950 35 000 4.5 35.0 69.0 

950 32 000 11.7 35.0 69.5 

850 667500, S.T.T.S. 33.0 68.4 

850 58 000 0.50 32.0 61.8 

850 50 000 4.27 30.0 55.5 

850 = 47 000 14.2 28.5 | 56.5 

STEEL 56 

950 55000 S.T.T.S. 40.0 80.9 
950 46.000 0.38 42.0 | 77.8 

950 41 000 1.45 41.0 74.5 

950 |= 38 000 2.55 40.0 72.3 

950 | 33 000 12.52 38.5 68.2 

850 69250 36.0 79.8 

850 60000 0.37 37.0 | 78.8 

850 55 000 1.70 40.0 | 77.0 

850 50000 9.17 38.0 | 73.3 

56-37... ..| 950 62000. S.T.T.S. 32.0 72.9 
950 52000 0.32 28.5 | 64.0 

950 44000 4.13 26.5 56.0 

| 950 40000, 10.67 27.0 56.5 

850 77000 S.T.T.S. 27.0 65.2 

850 68 000 0.37 25.0 | 54.7 

850 | 65 000 1.56 21.0 | 47.2 

850 62 000 5.03 20.0 42.5 

850 | 60000 4.32 20.5 43.7 

$50 58 000 16.5 19.5 41.6 


#1550 F., 45 min., air cooled (6 to 8—Austenitic grain 
size). 

consists of fracturing a series of speci- 
mens at each temperature under fixed 
loads so chosen that the resulting frac- 
ture times vary from a few minutes up 
to a maximum of 15 hr. The stresses 
and corresponding fracture times, when 
plotted to logarithmic coordinates, form 
an approximately straight-line relation- 


Tem- Elon- Red 
Steel Pera~ Stress, | ation t 
ture, Time, hr. in2in., Area 
Designation deg. | Psi. per 
Fahr. cent — cent 
STEEL 393 
393-17 | $50 | 68125) S.T.T.S. | 35.0 5 
&50 63 000 0.133 36.5 74.9 
850 58 000 4.52 37.0 = 73.5 
850 56 500 8.12 39.5 74.9 
MOF... ....- 850 90000 S.T.T\S. 19.0 43.4 
850 83 000 0.28 17.0 2 
2 850 79.000 1.48 12.0 19.9 
850 | 76000 2.45 11.0 | 17.7 
850 70 000 11.77 | 
STEEL K20 
K20 (1)/ 850 (45000 S.T.T.S. 52.5 79.5 
850 40 000 0.40 56.0 79.5 
850 36.000 1.67 56.0 79.5 
$50 32 500 8.30 57.5 | 79.2 
850 31 000 13.92 53.0 78.4 
750 55 500 5.7.7 49.0 76.8 
750 000 0.48 49.5 74.5 
750 49 000 1.22 52.5 75.6 
750 | 45 000 6.33 52.5 | 75.3 
750 43 000 10.33 55.5 78.9 
750 | 42 000 21.60 55.5 76.6 
K20 (2).....| 850 | 62750 S.T.T.S 27.0 | 56.0 
| 850 | 55 000 0.90 22.0 | 38.8 
$50 53 000 1.80 20.0 34.7 
850 50 000 5.68 15.5 | 3.2 
750 76 400 29.5 58.8 
750 69000 0.95 26.0 49.8 
750 67 000 2.19 24.5 48.9 
750 | 65 000 7.32 20.5 40.4 


6 1800 F., 45 min., air cooled (2 to 4—Austenitic grain 
size). abe 
_ ©1850 F., 45 min., air cooled (2 to 4—Austenitic grain 
size). 
4 1600 F., 1 hr., air cooled (8 — Austenitic grain size). 

© 2000 F., 1 hr., air cooled (3 to 5—Austenitic grain 
size). 
J 1550 F., air cooled (8 — Austenitic grain size). 

9 1900 F., 2 hr., air cooled; 1900 F., 6 hr., air cooled 
(1 to 3—Austenitic grain size). 

hS.T.T.S. = Short-time tensile strength. 


both of the heat treatments listed in 
Table II. In each case the specimens 
heat treated at the lower temperature 
possessed a fine austenitic grain size, 
and those heat treated at the higher 
temperature possessed a coarse austenl- 
tic grain size. The results obtained 
will, therefore, indicate the influence of 
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qustenitic grain size on the rupture possess the greater rupture strength at 
strength. 


The results obtained from stress-rup- appears to be relatively constant for 
wre tests of a maximum of 15 hr. _ steels 52, 56, and 393 and of a greater 
duration on these four steels are shown order of magnitude for steel K20. 
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each of the temperatures considered. 
The difference in strength between the | 
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aphically in Figs. 5 to 8, inclusive, and Table III contains, in addition to the 
kewise giv 


The four 


ogarithmic coordinates, clearly show of the fractured specimens. Even — 
e austenitic steels to 


Fic. 6.—Stress-Rupture Characteristics at 850 and 950 F. of Steel 56. 


en in Tables III to V. stresses and corresponding fracture times, 
figures, which are plotted information with respect to the ductility 


though the testing time Periods i in these 
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tests are relatively short, the ductility 
values do give an indication of the 
influence of time and stress on both the 
elongation and reduction of area. With 
all four steels considered, the ductility 
of the coarse austenitic grain steels is 
less than that of the corresponding fine- 
grained materials. In the case of steel 
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passing from the rupture tests to the 
creep tests. 

Table IV summarizes the results from 
the stress-rupture tests, while Table y 
shows the comparative influence of 
austenitic grain size on the short-time 
rupture strength. In this table, the 
comparison in the stress-rupture strength 


Time for 
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393-1 1600F., /hr., Air Cool (8) | | | 
393-2: 2000F., lhr., Air Cool (3 to 5) | | 
| 
50000 
0.1 10 
Time for Fracture, hr., log scale 
Fic. 7.—Stress-Rupture Characteristics at 850 F. of Steel 393. 
| |__| 
£ 20000 | 
an A-20-/:I550F, Air. Coo/ (8) | | | 
K-20-2:1900F, 2hr., Air Cool; 
= I900F., 6hr., Air Cool (1 to 3) | 
70000 — k-20-2 
60000 
50000 — K-20-/4 
40000 
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Fic. 8.—Stress-Rupture Characteristics at 750 and 850 F. of Steel K20. 


52, the difference is not of a large order 
of magnitude. With the remaining 


three coarse-grained steels, the ductility 
decreases as the stress decreases, and 
the time for fracture increases, and the 
question arises as to how low the avail- 
able ductility would fall as the stress 
would be further decreased, that is, in 


is made on the ratio of the stresses Ie 
quired for fracture in 10 hr. 

In the case of the rupture strength, 
the range in the ratio is only from 0.69 
ts 0.90. Furthermore, this observed 
range in the ratio is directly proportional 
to the difference between the extremes 
of the austenitic grain size considered. 


For 
austel! 


56-24. 
393-16 

393-2! 
K20 (1) 
K20 (2 


— 
1550] 


of 1 t 
lower, 
other 
superic 


| 
For 
ratio 
TABLE 
A 
Si 
Desig 
52-12. 
52-25. 
56-1¢.. 
41850) 
1600 | 
12000 | 
1500 | 
1900 | 
steel } 
a 
“, 


- On EFFECT OF GRAIN SIZE ® 


For example, in steels 52 and 56 the fine 
austenitic grain size had a rating of 6 
to 8 and the coarse a rating of 2 to 4. 
For both of these steels the range in the 
ratio was only from 0.84 to 0.90. For 


TABLE IV. -SHORT-TIME STRESS-RUPTURE CHAR- 
ACTERISTICS OF DESIGNATE D STEELS. 


Tempera- | Stress for 
Steel Austenit | 

Grain Size | | 
6to8 | 950 | 29000 
850 43 000 
a 2to4 950 32 500 
re 6to8 950 34 000 
850 49 500 
ae 2to4 950 | 40000 
850 | 59000 
393-1¢....... 8 850 56 000 
3 to 5 850 70 000 
K20 8 850 31 800 
750 43 800 

K20 (2) * 1 to 3 850 | 48 800 
750 | 64000 


*1550F., 45 min., air cooled. 
1800 F., 45 min., , air cooled. 
1550 F., 45 min., air cooled. 
1850 F., 45 min., air cooled. 
eos F., 1 hr., air cooled. 
1 2000 F., 1 hr., air cooled. 


#1500 F., air cooled. 


*1900 F.; 2hr., air cooled; 1900F., 6 hr., air cooled. 


steel K20, the fine austenitic grain size 
had a rating of 8 and the coarse a rating 
of 1 to 3 and the average ratio was 
lower, being approximately 0.67. In 
ither words, as should be expected, the 
superiority of the coarse grain structure 


| 


over the fine grain steel increases as the © 
relative spread between the grain sizes — 


considered increases. 


DISCUSSION OF RESULTS 
On the basis of these results, it is to 


be concluded that both the 500-hr. creep 


tests and the 15-hr. stress-rupture tests 


show the coarse-grained austenitic steels 
to possess the superior high-temperature 
TABLE V.—COMPARATIVE INFLUENCE 


TENITIC GRAIN SIZE ON THE 
STRESS-RUPTURE 


OF AUS- 
SHORT-TIME 
CHARACTERISTICS, 


Ratio of Fine 


‘Temperature Grained to Coarse 


Steel | deg. Fahr. Grained Fracture 
| Stresses® 

850 0.90 
950 0.85 

$50 0.84 
50 0.80 
K20. $50 0.65 

750 0.68 

ee based on stress required for fracture in | 

10 hr. 


strength at the temperatures considered. 
The stress-rupture test shows the influ- 
ence of the grain size effect to be rela- 
tively constant in all four steels and at 


each of the temperatures considered. | 


This test likewise yields information 
with respect to the,influence of grain 
size on the high-temperature ductility 
and shows the fine-grained steels to 
possess the greater ductility, especially 
under the longer fracture time periods. 
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CORRELATION OF 


Under the sponsorship of the 
A.S.M.E.-A.S.T.M. Joint Research 
Committee on Effect of Temperature on 
the Properties of Metals, several differ- 
ent tests have been made on a carbon 
molybdenum steel at 800 and 1050 F. 
Everett and Clark' have made torsion 
and tension creep tests at the University 
of Michigan while F. H. Norton? has 
made tension creep and internal pressure 
tests at the Massachusetts Institute of 
Technology. 

These tests may all be classified as 
creep tests since they were carried out 
under conditions of constant load. It 
was felt that these tests should be com- 
pared from some common point of view, 
and the correlation of the test results 
has been assigned to the present author. 


BASIS FOR €COMPARISON 


In comparing different types of tests, 
it is quite advantageous to express the 
results of all the tests by means of some 
common set of variables. The success 
of such an attempt at correlation will 
depend largely upon a proper selection 
of the variables to be used. A general 
state of stress is defined by three princi- 
pal stresses, o1, o2, and o3, and their 
directions which are mutually _per- 
pendicular. The most generally ac- 


1F. L. Everett and C. L. Clark, ‘“Torsion Creep Tests 
for Comparison with ——. Creep Tests on a Carbon- 
Steel,”’ 
2 H. Norton, "Creep i in Tubular Pressure Vessels,”” 
; Transéctions, Am. Soc. Mechanical Engrs., April, 1939. 


APPENDIX III 


TEST RESULTS FOR VARIOUS TYPES OF HIGH. 
TEMPE RATURE TESTS CARRIED OUT FOR THE JOINT 
RESEARCH COMMITTEE 


PREPARED BY E. A. DAvis 


cepted criteria for correlation would be 
to compare the octahedral shearing 
stress with the shearing strain rate in the 
planes in which this stress acts. This 
octahedral shearing stress 7, is given by 
the expression: 


Tn = l(a, os)” 

+ (a2 — a3)” + (03 — 
In two papers Nadai*:* has developed 
the means for comparing the several 
types of tests used in this investigation. 
Expressions have been developed which 


give the octahedral stress and strain for 
the common types of loading. 


COMPARISON OF TESTS 


From the first of Nadai’s papers’ 
referred to, we get the transformation 
equations by which torsion and tension 
tests can be compared. These equa 
tions for small strains are: 


n= (2) 


¥ 3A. Nadai, “Plastic Behavior of Metals in the Strain 
Range, Fert, Journal of Applied Physics 
Vol. 8 3, Mare 

A. Nadai, “On the Creep of Solids at Beant Fag 
—"s Journal of Applied Physics, Vol. 8 


where: 


T, 
semp., 
deg 
Fahr. 
3 

4 

= 
= 

; ¢= 
* 
= 
tiati 
a = ] 
V/3 
1 
Messrs 
ae ate sho 
The 
thds 

“43 


TABLE I.—DATA FROM TESTS BY 
EVERETT AND CLARK. 


| _de _dy dy, 
3 dt’ dt’ ‘dt’ 
Temp., 9% 7, ‘per cent per cent ™ ‘ner cent 
deg. | psi PSI. per 1000 per 1000 PS!- 1000 
Fahr. hr. at | hr. at hr. at 
1000 hr. 1000 hr.| 1000 hr. 
M0....!- 16 000 0.041 | 13080 | 0.033 
14000 |....... 0.023 | 11450 | 0.019 
12000 0.0143 | 9820 | 0.0117 
11 000 0.0033 | 9000 | 0.0027 
30.000 ...., 14150 | 0.158 
1..... 11 800 | 0.048 
22000... 0.018 a 10750 | 0.025 
1080 9000 |........ 0.69 | 7360! 0.564 
7500 |. | 0.051 | 6140) 0.0416 
0.035 4640 | 0.0286 
4500 |. 0.006 | 3680) 0.0049 
ib 12000 |.......) 0.082 |........; 5660} 0.1060 
10.000 0.047 | 4720 | 0.0665 
ring 8 000 | 3770 | 0.031 
7000 3300 | 0.021 
1 the 
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complicated, but it has been treated in _ 
the second of Nadai’s papers.4 The case 


has been worked out for the “steady state — 
of creep” condition when the octahedral 
shear stress 7, is related to the cor- 
d¥n 


responding shear rate, dt’ 


by the 


power function expression 


d 

where v = = and 71, ¥; and m are 
( 

corstants. The constant m will be the 


This 
n by 
Diametral 
oped Longitudinal 
veral C 400 800 1200 1600 2000 2400 2600 3200 3600 4000 
ition. Time, hr. 
which Fic. 1.—Tubular Creep Tests by F. H. Norton, 1050 F., 1617 psi. Pressure. : 
in for 
where: slope of the stress-strain tate curve on 
Yn = shear strain on octahedral plane, the double ‘log plot as has been used 
by the investigators (Fig. 5, Everett 
= shear stress on octahedral plane, 
apers ¢ = unit elongation in tension test, and Clark and Fig. 11, Norton) and is 
ation ¢ = axial stress in tension test, ™_™ clo se to 0.25. 
Nadai* has shown that for a tube 
nsion = shear strain in torsion test, and 
equa- with closed ends the longitudinal strain 
; se should be zero. Norton’s curves, one 
_ Bite strain rates are obtained by differ- of which is reproduced in Fig. 1, shows 
A) lating Eqs. 1 and 3. this effect very nicely. 
: In the elastic state the tangential 
d de d 
(2) = 4/2 v2 ...(5) stress is higher at the inner radius than 
t 3 dt at the outside while in the plastic state 
_ (3) By using these equations, the values of when a steady state of creep occurs and 
dn ; m has a value of 0.25 the tangential 
» and F ae be obtained for the stress is greatest at the outside radius. 
(4) ‘sults given in Fig. 5 of the report by The octahedral shear stress, 7,, does not — 
Messrs, Everett and Clark. ‘These data Change greatly with the radius for the 
be ae shown in Table I tube dimensions used in these tests. 
rn The case of the cylinder with closed In this case, at the inside radius 
g, No. 6 


“us under internal pressure is more 
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where # is the internal pressure. At the 


outside radius 


The mean value of 1.94 » was taken as 
TABLE II.—DATA FROM TESTS BY NORTON. 
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This has been taken into account jp 
determining the rate of shear in the 
octahedral planes. 

By making use of the Nadai trans. 
formation equations, it was found that 
the octahedral shear rate at the mean 


t- | & | dy, radius was approximately 1.99 times the 
ee Baer ar ‘dt’ tangential strain rate plotted by Norton, 
Temp., 9, | n? 
| ™ per Lhe converted data on the tests made at 
| br. | he. hr. the Massachusetts Institute of Tech- 
|...... 8120 | 0.00425 nology are given in Table II. 
g 
_ The results of all the tests are shown 
Fig. 2. The agreement at 800F. is 
6570 | 2.76 fair while at 1050 F. there is consider. 
| | able scattering. This scattering, how. 
aenenes 3230 }........| 1.39 | 6200) 2.76 — ever, is not all due to the difference in 
$50000 T 
a 20 000 = 
0000 
10505. 
2 
3 
Fr © Jorsion Tests Everett-Clork 
= t ongitudinal ® Tension Tests Everett - Clark 
= Tybular Tests Norton 
2 ° Jension Tests Norton 
us) 
1000 
0001 001 0.1 10 


Sh octahedra Shearing Stain Rate, per cent per 1000 hr., log scale 


the value of stress to be used for com- 
parison purposes. 

The strains also are nonuniform 
throughout the material, but vary with 
the radius of the tube. If we focus our 
attention on the strain at the mean 
radius it may be well to point out that 
the increase in the outside diameter is 
the result of two opposing factors. 
Since the longitudinal strain is zero, 
the radial strain must be just the 
negative of the tangential strain. An 
increase in tangential strain tends to 
increase the diameter while the radial 
strain reduces the thickness of the tube 
and this tends to decrease the diameter. 


Fic. 2.—Comparison of Various Types of Creep Tests on a Carbon-Molybdenum Steel. 


the type of test used. There is quitea 
difference between the tensile creep 
tests carried on at the University of 
Michigan and those made at the Massa- 
chusetts Institute of Technology. 
These variations may be due to differ- 
ences in the material or any of the 
factors which ordinarily cause differ 
ences in creep test results. 

With particular reference to the scat- 
tering observed in Fig. 2, it should be 
pointed out that the material used by 
Norton for both tensile and_ internal 
pressure tests may have been of smaller 
grain size than that used by Everett & 
Clark. This, at least, is indicated by the 
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micrographs included in Appendix VI of does not explain all the scattering, un- 
the Report of the Joint Research Com- less the effect due to grain size —— 
mittee for 1938.5 However, this alone greatly with temperature, for the tensile 


> 
‘Report Covering Information on Steels for Tubular creep tests on the two materials agree — 
Creep Tests and Other Test Work of the Joint Committee, l ° . 
prepared by H. J. Kerr, J. B. Romer, and HD. Newell well at 850 F. while the small grain ma- 
4 38, Part 172 
—_— Am. Soc. Testing Mats., Vo a terial shows more rapid rates at 1050 F. 
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COPPER AND COPPER-ALL( 


Committee B-1 on Copper and Copper 
Alloy Wires for Electrical Conductors 
held two meetings during the year: one 
in Atlantic City, N. J., on June 29, 1938, 
and one in New York City on April 26, 

1939. 
The committee records with sorrow 
the death of H. C. Jennison, repre- 
sentative of the American Brass Co. on 
the committee. The committee sent 
flowers to the funeral and a telegram of 
condolence to Mr. Jennison’s sister, 
Miss Helen C. Jennison. 
_ Changes in membership of the com- 
- mittee during the year consist of the 
following: 


J. R. Freeman, Jr., replaces H. C. Jennison as 
‘ a representative of the American Brass Co., 
-_R.S. Pratt replaces W. R. Webster, as repre- 
sentative of the Bridgeport Brass Co., 
C. T. Sinclair of the Duquesne Light Co. 
replaces C. D. Gray as representative of the 
American Institute of Electrical Engineers, and 
The Phelps Dodge Refining Corp. has taken 
over the membership of the Nichols Copper Co., 
C. S. Harloff continuing as the representative 
on this committee. 
Committee B-1 now consists of 15 
producer, 13 consumer, and 2 general 
interest members, making a total of 30, 


represented on the committee by 34 
individuals. 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I (G. E. Dean, chair- 
-man) has made its final report on the 
subject of transmission cable specifica- 
tions, the recommendations being in- 
corporated in proposed revisions of 
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IN 
YY WIRES FOR ELECTRICAL 


CONDUCTORS 


Specifications B 8, reported below. The 
work of this subcommittee having been 
completed, it was discharged by action 
of the committee at the April meeting, 

Subcommittee IT (P. H. Grogan, chair- 
man) reports progress, confirming for the 
time being recommendations on speed 
of testing made last year,! and reporting 
that the subcommittee is continuing 
studies in collaboration with Committee 
E-1 on Methods of Testing. 

Subcommittee ITI (T. S. Fuller, chair- 
man) reports progress in the study of the 
packaging section of the Specifications 
for Soft or Annealed Copper Wire (B 3), 
and recommends that the packaging 
section be changed to the status of a 
note. The work of the subcommittee 
is to continue, collaborating with com- 
mittees of the National Electrical Manv- 
facturers Association working on stand- 
ard packages for wire. 

Subcommittee IV (J. R. Becker, chait- 
man) has recommended a number of 
pertinent revisions in the present Stan¢- 
ard Specifications for Soft Rectangular 
Copper Wire (B 48), after finding that 
the present specifications are not accept 
able in some respects to many COl 
sumers and a number of producers. The 
proposed revision in the form of new 
tentative specifications recognizes two 
classes of rectangular wire, one class 
being suitable for all applications except 
possibly those involving extreme edge- 
wise bending, and the other class being 
particularly applicable for edgewise 


1 Proceedings, Am. Soc. Testing Mats., Vol. 38, Part I, 
pp. 182 to 184 (1938). 
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bending purposes. A bending test is 
incorporated in the proposed specifica- 
tions for this latter class of material, in 
place of the tension test prescribed for 
the other class of material. Elongation 
values for the tension test prescribed are 
increased, and certain modifications are 
made in the permissible variations of di- 
mensions in order to bring these require- 
ments more nearly in line with present 
practice in the industry. Many revisions 
of an editorial nature are also incor- 
porated in the revised specifications 
which will be submitted to the Society 
subsequent to the annual meeting 
through Committee E-10 on Standards.’ 

Subcommittee V (P. H. Grogan, chair- 
man) has recommended revisions in the 
Specifications for Copper Rods for Wire 
Driwing (B 49), which are incorporated 
in the proposed revision of this standard 
referred to below. 

Subcommittee VI (W. R. Hibbard, 
chairman) has presented a revision of 
the Specifications for Bare Stranded 
Copper Cable (B 8) with respect to the 
length of lay. The recommendations of 
the subcommittee were accepted and the 
subcommittee discharged. 

Subcommittee VII (R. S. Pratt, chair- 
man) reported on the speed of testing of 
trolley wire, confirming its former recom- 
mendations! and stating that further 
investigations of this problem are in 
process. 

Subcommittee VIII (W. H. Bassett, 
Jt, chairman) has been working on 
proposed specifications for rope lay 
cable in cooperation with a similar group 
of the Insulated Power Cable Engineers 
Association, and hopes to be able to 
present a draft of proposed tentative 
specifications sometime next year. 

Subcommittee IX (G. E. Dean, chair- 
man) completed its work in drafting an 
acceptable inspection clause, and has 


been discharged 


*See Editorial Note, p. 242. 
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Subcommittee X (chairman not yet 
appointed) has been designated by Com- 
mittee B-1 to study and report on the 
use of lead or lead-alloy coverings for the 
protection of copper wire, looking toward 
the preparation of standard specifica- 
tions for this product. 

Subcommittee XI (R. S. Pratt, chair- 
man) has been formed to study the 
problems of high-conductivity special 
alloy copper wires. 

Subcommittee XII (C. S. Gordon, 
chairman) has been appointed to inves- 
tigate and prepare specifications on 
tin-coated, hard-drawn, medium-hard 
drawn, and alloy wires for electrical 
conductors. It is reported that there is 
some demand for such specifications to 
supplement the Specifications for Copper 
Wire for Rubber Insulation (B 33), 
which cover soft drawn or annealed 
copper wires, tin-coated so as to be 
suitable for use with rubber insulation. 

Subcommitice XIII (W. H. Bassett, 
Jr., chairman) has been formed to study 
proper bend testing equipment and 
methods of test for copper and copper- 
alloy wire. This subcommittee will 


collaborate with Committee B-4 on 
Electrical-Heating, Resistance, and Fur- 
nace Alloys which has developed the 
Tentative Method for Bend Testing of 
Wire (for Radio Tubes and Incandescent 


Lamps) (B 113 — 38 T). 


I. New TENTATIVE STANDARD 


Tentative Specifications for Figure-9 Deep- 
Section Grooved and Figure-8 Copper 
Trolley Wire for Industrial Haulage:* 
There has been an insistent demand 

for standard specifications covering 

figure-9 deep-section grooved and figure-8 
trolley wire which is largely used for 
industrial haulage purposes. The engi- 
neering department of the National 
Electrical Manufacturers’ Association 


3These specifications were accepted as tentative Le 


the Society and appear in the 1939 Book of A.S.T. 


Standards, Part I. 
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wire. 


class 


has been in communication with the 


committee, and a special committee of 
the American Mining Congress has 
voted favorably on the standardization 
of figure-9 deep-section, grooved trolley 
The committee considered the 
suggestions that an A.S.T.M. standard 
be prepared covering this product, and 
it is the committee’s opinion that these 
shapes should not be added to the 
present trolley wire standard (B 47), 
but that separate specifications should 
be prepared covering this particular 
of material. Accordingly, the 
committee has prepared new specifica- 
tions for this material which it is pre- 
senting to the Society for publication as 


tentative.* 


II. REVISIONS OF STANDARDS 


The committee recommends for im- 
mediate adoption revisions in seven 
standard specifications as explained be- 
low, and accordingly asks for the neces- 
sary nine-tenths vote at the annual 
meeting in order that these modifica- 
tions may be referred to letter ballot 
of the Society. Except as specifically 
noted below, these revisions consist of 
editorial changes in wording and ar- 
rangement, together with the addition 
of desirable explanatory notes, tables, 
etc., to make the specifications more 
generally useful without changing the 
intent materially. 

_ Standard Specifications for Hard-Drawn 
Copper Wire (B1-~38),* and for 
Medium Hard-Drawn Copper Wire 
(B 2 38):4 


A slight modification has been made 


in the paragraph which provided that 


wire with diameters lying between listed 
sizes meet the requirements prescribed 
for the next larger size, to allow a per- 
missible variation of three mils in 


41936 Book of A.S.T.M. Standards, Part I, pp. 655 to 


REPORT OF COMMITTEE B-1 


diameter as to the application of such 
requirements for listed sizes if the 
diameter is 0.100 in. or over, and , 
permissible variation of two mils jp 
diameter if the listed size is less than 
0.100 in. Also, the values in Table | 
have been extended to four significant 
figures, rather than three, and for wire 
having nominal diameters of less than 
0.100 in., provision has been made for 
expressing diameter in decimals to four 
places. However, the permissible varia- 
tions from the nominal diameter are 
retained without change. ‘The specifica- 
tions in their revised form are appended 
hereto.° 


Standard Specifications for Soft or An- 
nealed Copper Wire (B 3 
Table I has been revised, giving to four 

significant figures information as to 
diameter, area, tensile strength, elonga- 
tion, etc. It is felt that this table wil 
be of use to the industry and no change 
has been made in the prescribed tensile 
strength or elongation. A slight revi- 
sion in the requirement for tensile 
properties has been made in that wire 
whose nominal diameter exceeds by one 
mil the size listed in Table I, but which 
is less than that of the next larger size, 
shall conform to the requirements pre- 
scribed for the next larger size. For 
wire having nominal diameters less than 
0.100 in., it is proposed that the size may 
be expressed in decimals not to exceed 
four places, although the permissible 
variations from the nominal diameters 
remain as heretofore. The specifica 
tions in their revised form are ap 
pended hereto.° 


Standard Specifications for Tinned Sof! 
or Annealed Copper Wire for Rubber 
Insulation (B 33 38): 


These specifications have been ¢ 
tensively rearranged, and have beet 


6 These specifications were adopted as standard by the 
and appear in the 1939 Book of A.S.T.M. Stand 
ar art I 
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such revised by the incorporation of the for tension tests has been increased from 
the ff revisions proposed above for Specifica- 2 to 4 per 50,000 Ib. of rod produced; 
nd ons B No changes involving the method for determining resistivity 
Is in intent are being but felt values, not formerly specified, is now 
ble | a : - nominal diameter of 0.250 in. is now 
ficant notes will be of value to the industry. 
. given a permissible variation of plus or 
iin Standard Specifications for Hot-Rolled minus 0.010 in. to conform with similar 
wv Copper Rods for Wire Drawing tolerances for rods of the next larger 
four 26): prescribed diameter; and provision 
Varia: In addition to the editorial changes definitely made for either black or 
r are described above to make the specifica- cleaned rods, as designated by the 
. ice TABLE I.—ANALYSIS OF LETTER BALLOT VOTE. 
ended 
| Ballots 
Items Affirmative Negative (Marked “Not 
Ane Voting” 
I. New TentATIVE STANDARD 
O four spec. for Figure-9 Deep-Section Grooved and ree -8 Copper Trolley 
salad II. Revisions OF STANDARDS 
longa- ec. for But: Drawn Copper Wire (B 1 — 38), immediate oe ‘ | 25 0 1 
e will for Medium Hard-Drawn Copper Wire (B 2 38), immediate adop- 
ec. for Soft or Annealed Copper Wire (B 3 - 38), immediate adoption. . 25 0 1 
hange ec. for Tinned Soft or Annealed Copper Wire for Rubber insulation 2 
ensile B 33 - 38), immediate adoption 25 0 1 
: ec. for Hot-Rolled Copper Rods for Wire Drawing (B 49 26), imme- 
revl- d ate adoption... 22 0 4 
ec. for Bronze Trolley Wire (B 9 - 38; A.S.A. H 22.1 1938), immediate 
. ec. for C Trol 3 22.2 - 1938), - 
yy one III. Apoprion or TENTATIVE STANDARDS AS STANDARD | 
which for 4 Drawn Copper Alloy Wires for Electrical Conductors | 
r size, for Stranded Copper Cath, Medium-Hard or Soft 
5 pre IV. WITHDRAWAL OF STANDARD 
For Stranded Copper Cable, Hard, Medium-Hard, or Soft | 3 
5 than 
xceed of the committee uniform, the purchaser. The specifications, as re- 
issible J “mmittee is accepting the following vised, are appended hereto.° 
neters ‘visions in substance, recommended by 
cificae Subcommittee V is felt Standard Specifications for Bronze Trol- 
& imcxove th ley Wire (B9~ 38; A.S.A. H 22.1- 
ok 4 sili bl 1938),’ and for Copper Trolley Wire 
d Sofi dustry: 
. } res > J 
Rubber The title is being changed to make it. only 
n ex: “erods; the number of samples required ted herewith in their revised form 
been 71937 Supplement to Book of A.S.T.M. Standards, — 
6 Book of A. ‘S. T.M. Part I, 642. pp. 32, 38. 
d by the 
Stand- 
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Tentative Specifications for Hard-Drawn 


These specifications were issued in be withdrawn. 
1936, and revised in 1937 and 1938, in 


without affecting, to any material ex- Soft (B 8 — 36): 
tent, their intent. The editorial modi- 
fications consist of changes in wording 
and arrangement together with the addi- 
tion of explanatory notes to make the 
specifications uniform, in so far as prac- 
ticable, with other specifications under 
the jurisdiction of the committee. The 
committee recommends that these speci- 
fications be approved for reference to 
letter ballot of the Society for adoption 
as standard. 


ard specifications be withdrawn. 


with the results shown in Table I. 
Tentative Specifications for Bare, Stranded 


The committee has accepted the rec- 
ommendations of Subcommittees I and 
VI with respect to these specifications 
and is presenting certain revisions in 
Section 4 on Lay, and in Section 9 on 
Packing and Shipping together with 
certain editorial changes to make the 
specifications uniform with other speci- 
fications under the jurisdiction of the 


- 


the committee, 


G. E. DEAN, 
Secretary. 

8 Proceedings, Am. Soc. Testing Mats., Vol. 38, Part I, 

pp. 672, 677 (1938); also 1938 Book of A.S.T.M. Tentative 

Standards, pp. 338, 343. 


EpIToRIAL NOTE 


Subsequent to the annual meeting Committee B-1 presented to the 
Society through Committee E-10 on Standards proposed Tentative Speci- 
fications for Soft Rectangular and Square Copper Wire for Electrical Con- 
ductors to replace immediately the Standard Specifications for Soft 
Rectangular Copper Wire (B 48 - 38). ‘This recommendation was accepted 
by Committee E-10 on August 24, 1939, and the new tentative specifica- 


designation B 48-39 T. 


III. Apoprion oF TENTATIVE committee. It is recommended that 
STANDARDS AS STANDARD these specifications, as revised,° be ap- 
proved for reference to letter ballot 
Copper Alloy Wires for Electrical of the Society for adoption as standard, 
Conductors (B 105 — 38 T):8 replacing the present Standard Specifica- 
tions B 8 — 36, which are recommended 


accordance with the dictates of experi- IV. WITHDRAWAL OF STANDARD 


ence. A number of editorial changes Standard Specifications for Bare, Stranded 
have now been made in the specifications Copper Cable, Hard, Medium-Hard, or 


Since the committee is recommending 
the revision and adoption as standardof 
Tentative Specifications B 8 — 38 T, itis 
recommended that the present stand- 


The above recommendations have 
been submitted to letter ballot of the 
committee which consists of 30 mem- 
bers; 00 members returned their ballots, 


Copper Cable, Hard, Medium-Hard, or This report has been submitted to 
4 Soft (B 8 — 38 T):8 letter ballot of the committee which 
consists of 30 members; 26 members 
returned their ballots, of whom 23 have 
voted affirmatively and 0 negatively. 


Respectfully submitted on behalf of 


J. H. Foote, 
Chairman. 


9 1936 Book of A.S.T.M. Standards, Part I, p. 638. 


tions appear in the 1939 Book of A.S.T.M. Standards, Part I, bearing the © 
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Committee B-2 on Non-Ferrous 
| Metals and Alloys held one meeting 
during the year: on June 30, 1938, in 
Atlantic City, N. J., during the annual 
meeting of the Society. Several of the 
subcommittees have also held meetings 
during the year. 
R. F. Mehl, who served as chairman 
if the committee since 1935, resigned 
the chairmanship in December, 1938, 
inding that his duties were becoming 
more and more centered in the iron and 
steel field and that it was difficult to 
illot time to the work of the committee. 
The Advisory Committee, at its meeting 
in New York City on February 15, 1939, 
accepted the resignation with reluctance, 
nd the secretary was instructed to 
record in the minutes of the meeting the 
ratitude of the members of Committee 
2to Dr. Mehl for his services during 
iis incumbency. The Advisory Com- 
mittee, acting as a nominating commit- 
ee, in accordance with the By-laws, 
nominated the present secretary, E. E. 
tum, as chairman, and Carl E. Swartz 
s secretary, the election to be held at 
he June meeting of the committee. 
Subsequent to the 1938 annual meet- 
s, Committee B-2 presented to the 
clety through Committee E-10 on 
‘andards the following recommenda- 


itive Specifications for Electrolytic Cath- 
de Copper (B 115 - 38 T). 
rsion to tentative and revision of Standard 
Specifications for: 
_ Tin (B 51 - - 27), 


REPORT OF COMMITTEE 
ON 


NON-FERROUS METALS AND ALLOYS 


B-2 


Phosphor Copper (B 52 - 27), 7 
Silicon Copper (B 53 - 27), and 
Brazing Solder (B 64 - 28). 


These recommendations were ac- 
cepted' by Committee E-10 on August 
25, 1938, and appear in the 1938 Pro- 
ceedings.” 


ADOPTION OF TENTATIVE STANDARD 
AS STANDARD 


The committee recommends that the 
Tentative Specifications for Rolled Zinc 
(B 69 — 37 T)* be adopted as standard 
to replace the present Standard Specifi- 
cations B 69 — 29.4. This recommenda- 
tion has been submitted to letter ballot 
of the committee which consists of 97 
members; 72 members returned their 
ballots, of whom 40 have voted affirma- 
tively, 0 negatively, and 32 marked their 
ballots “not voting.”’ 

Subcommittee II on Refined Lead, 
Tin, Antimony, and Bismuth (T. 
Wright, chairman) is planning to hold 
a meeting prior to the June meeting of 
Committee B-2. At the request of the 
Insulated Power Cable Engineers’ Asso-— 


E-10 on Standards, Committee B-2 reported the following 
results of the letter ballot vote of a total of 79 ballots | 
returned from a committee membership of 95: B 115 — 38 T, 
affirmative 49, negative 0, ballots marked ‘“‘not voting’’ 
21, ballots unmarked 9; B51 — 38 T, affirmative 44, nega- 
tive 0, ballots marked ‘‘not voting”’ 26, ballots unmarked 
9; B 52 - 38 T, affirmative 49, negative 0, ballots marked 
“not voting” 22, ballots unmarked 8; B 53 - 38 y affirma-— 
tive 48, negative 0, ballots marked “not voting” 23, 
ballots unmarked 8; B 64 - 38 T, affirmative 49, negative 0, | 
ballots marked “‘not voting” 23, ballots unmarked 7. 
2 Proceedings, Am. Soc. Testing Mats., Vol. 38, Part I, | 
p. 683, 709, 711, 713, 707 (1938); also 1938 Book of A. S.T.M. ; 
Tentative Standards, pp. 349, 414, 416, 418, 404. 
2 Proceedings, Am. Soc. Testing Mats., Vol. 37, — 
p. 698 (1937); also 1938 Book of A.S.T.M. Tentative Stand. 


ards, p 


1 In submitting these recommendations to Committee 


‘ 136 Book of A.S.T.M. Standards, Part I, P. 705. 
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ciation the subcommittee has been 
giving consideration to the preparation 
of specifications for copper-bearing lead 
(cable sheathing). During the year 
attention has been called by the Lead 
Industries Association to the desira- 
bility of having A.S.T.M. specifications 
for calking lead, and a request has been 
received from the Eagle-Picher Sales Co. 
that a specification for pig lead be 
adopted similar to that for the grade of 
soft Missouri lead designated as common 
lead (Grade IIIb) in the former Speci- 
fications for Pig Lead (B 29 — 23). 
Subcommittee III on White Metal 
Alloys (G. H. Clamer, chairman) held 
a meeting in Columbus, Ohio, on March 
8, 1939, and approved the revision of 
the Standard Specifications for Solder 
Metal (B 32-21; A.S.A. H 11-1924) 
and the reversion of the specifications to 
the tentative status. After approval by 
Committee B-2, this recommendation is 
to be submitted to the Society through 
Committee E-10 on Standards. 


@ = 


EpItoRIAL Note 


_ Subsequent to the annual meeting Committee B-2 presented to the Society 
through Committee E-10 on Standards proposed Tentative Specifications for 
Nickel-Copper Alloy Plate, Sheet, and Strip. These new tentative speci- 
fications were accepted by Committee E-10 on August 24, 1939, and appear 
in the 1939 Book of A.S.T.M. Standards, Part I, bearing the designation 


B 127 — 39 T. 


the committee, 


Subcommittee IV on Refined Zinc ar 
Wrought Zinc (E. H. Bunce, chairman 
has made several unavailing efforts, 
through a group headed by J. R. Town. 
send, to cooperate with the zinc rolling 
industry and devise acceptance tests for 
rolled zinc, as proposed when the Tenta- 
tive Specifications for Rolled Zinc (B69- 
37 T) were last revised. Since such 
cooperative action seems impossible t 
secure, it was decided that the project 
should be abandoned, and with the con- 
sent of the Advisory Committee the sub- 
group was discharged, with appreciation 
for its services. 


This report has been submitted to 
letter ballot of the committee which con- 
sists of 101 members; 79 members 
returned their ballots, of whom 75 have 
voted affirmatively and 1 negatively. 


Respectfully submitted on behalf of 


E. E. 
Secretary. 
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such 
le t 
bs Committee B-3 on Corrosion of Non- 
sub. ferrous Metals and Alloys held two 
ation [meetings during the year: one in Atlantic 
City, N. J., on June 29, 1938, and one 
in Columbus, Ohio, on March 7, 1939, 
d to § The committee has been active dur- 
\con- & ing the past year through its subcom- 
abers nittees I on Total Immersion Test, III 
have Hon Spray Test, VI on Atmospheric 
f. Corrosion, and VIII on Galvanic and 
If Lectrolytic Corrosion in carrying for- 
vad the programs under the sponsor- 
hip of these subcommittees. 
ies Subcommittee II on Alternate Im- 


nersion Test has been inactive during 
the past year. 

At the meeting in Atlantic City, a 
yecial committee was appointed for 
he purpose of revising the committee’s 
-laws. A proposed revision of the 
iy-laws was approved for reference to 
etter ballot of Committee B-3 at the 
neeting in Columbus. 

Anew Subcommittee IV on Specifica- 
tions (E. A. Anderson, Chairman) was 
‘pointed at the Columbus meeting for 
the purpose of preparing specifications 
- electroplated coatings on non-ferrous 
allOys, 


New TENTATIVE STANDARD 


The committee recommends a pro- 
sed Method of Salt Spray Testing of 
\on-Ferrous Metals for publication as 
‘tative. This recommendation has 


This method was accepted as tentative by the Society 
i tial in the 1939 Book of A.S.T.M. Standards, 
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been submitted to letter ballot of the 
committee which consists of 59 members; 
47 members returned their ballots, of 
whom 44 voted affirmatively, 0 nega- 
tively, and 3 members marked their 
ballots “not voting 


ACTIVITIES OF 


Subcommittee I on Total Immersion 
Test (J. R. Freeman, Jr., chairman).- 
This subcommittee has formulated plans 
for testing the reproducibility of results 
in the total immersion test, using three 
solutions and testing six metals in each 
solution. The solutions and metals to 
be tested are as follows: 


NORMAL SODIUM CHLORIDE BRINE 
Material 
Commercial copper, phosphorized 
Commercial aluminum......... 


Designation 


B 


Commercial zinc Western AA 


NORMAL SULFURIC ACID 


Material Designation 
Commercial copper, phosphorized........ B 
Commercial aluminum.................. G 


Commercial nickel.......... 


U 
Red benss (G5 cu, 15 on)... 


NORMAL SODIUM HYDROXIDE 


Material Designation 
Commercial copper, B 
Commercial nickel. . 
Chemical lead. . 
Commercial zinc (High grade). . BB 


Tests will be made in aerated and non- © 
solutions at 35 C. by at least 


| 
- 

4 

12 
i 


- four cooperating laboratories, and it is 
expected that the tests will actually 
be started early in the summer of 1939. 

Subcommittee III on Spray Test (E. H. 

Dix, Jr., chairman).—Subcommittee III 

has prepared a proposed Method of Salt 

Spray Testing of Non-Ferrous Metals 

which is recommended for publication 

as tentative,' as mentioned earlier in this 
report. This subcommittee is undertak- 
ing a study of methods of calibrating 
salt spray fog densities and a study of 
galt spray testing in large chambers. 
Subcommittee VI on Atmospheric Cor- 
rosion (W. H. Finkeldey, chairman).— 
In the early part of 1938, Subcommittee 
VI prepared a report? summarizing the 
changes in tensile properties, loss in 
weight determinations, and visual in- 
spection of the 24 non-ferrous metals 
and alloys exposed to the atmosphere 
for approximately six years at nine test 
sites. Some comment on the results 
was included in the report but no con- 
clusions were drawn since, in the opinion 
of the subcommittee, the tests have not 
progressed far enough to permit this to 
be done. The report is the third that 
has been made on the materials exposed 
to the atmosphere, the two previous 
inspection reports’ having been made 
after exposures of one and three years. 

The 1938 report includes, also, a brief 

summary of the previous results. 

In response to a general demand from 
the subcommittee members for some 
critical discussion of the results so far 
obtained in these tests, it was decided 
to encourage the presentation of a paper 
on this subject. Prof. C. W. Borgmann 
of the University of Colorado, Boulder, 
Colo., has agreed to undertake this 
assignment. The paper entitled ‘“At- 
mospheric Corrosion of Non-Ferrous 


2 Proceedings, Am. Soc. Testing Mats., Vol. 38, Part I, 

p. 194 (1938). 
3 Proceedings, Am. Soc. Testing Mats., Vol. 33, Part I, 
q p. 234 (1933); Vol. 35, Part I, p. 142 (1935). _—~ 
4See p. 674. 
5 See p. 691. 
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Metals and Alloys’ is being presente; 
at this annual meeting of the Society. 

The ‘methods of statistical analysis 
applied to the results of the tensio; 
tests have been the subject of some criti. 
cism since these methods were fir 
used several years ago. A subgroup has 
been appointed to review the method 
now in use and to submit to Subcom. 
mittee VI recommendations either for 
improvement of the present methods o 
abandonment entirely if the investig:. 
tion shows that statistical analysis 
methods are of little value in this par- 
ticular case. The exposure tests in the 
atmosphere are being continued, and 
the next removal of specimens has been 
tentatively set for 1944. 

A paper, sponsored by this committee, 
on “Chemical Removal of Corrosion 
Products in the Determination of the 
Corrosion Rate of Zinc” by E. A 
Anderson and C. E. Reinhard of the 
New Jersey Zinc Co., appears as an 
Appendix to this report.® 

Subcommittee VIII on Galvanic ani 
Electrolytic Corrosion (L. J. Gorman, 
chairman).— ‘This subcommittee has 
continued its test program and a report 
containing data obtained from _ thes 
tests has been prepared, as appended 
hereto, covering results of atmospheric 
corrosion tests on galvanic couples ove! 
a 7-yr. period. 


This report has been submitted to 
letter ballot of the committee which 
consists of 59 members; 47 members 
returned their ballots, of whom 44 have 
voted affirmatively and 0 negatively. 


Respectfully submitted on behalf of 
the committee, 
T. S. FULLER, 
Chairman. 
SAM Tour, 
Secretary. 
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This report presents the results of a 
gries of tests, started in 1931, to de- 
termine the corrosion behavior of non- 
ferrous metals when exposed to typical 
atmospheres in couple combination with 
other metals. Two previous reports 
covering test periods of 1 and 3 yr. were 
rendered in 1934! and 1935,” respectively. 
This report is a record of the data on 
the corrosion which has occurred over 
a period of approximately seven years 
and includes a summary of the results 
obtained in the two previous periods. 
Since this is the final report on these 
tests, an effort has been made to draw 
such conclusions as are justified from 
the scope and nature of the tests. At 
the outset, the tests were designed to 
measure only corrosion due to couple 
action. It became evident, as the test 
progressed, that several unforeseen fac- 
tors were operating to complicate the 
situation. In considering the test data 
presented in this report, these variables 
which are considered in detail under the 
discussion, later in the report, should be 
given careful attention because the re- 
uults are occasionally distorted by their 
operation. 


Test Locations: 


The locations and classification of the 
ine test sites, at which the tests were 
made, are given in Table I. These test 
‘ites are also used by Subcommittee 
VL of Committee B-3 other 


: esedines, Am. Soc. Testing Mats., Vol. 34, Part I, 
). 


Proceedings, Am. Soc. Testing Mats., Vol. 35, Part I, 
(1935). 


REPORT OF SUBCOMMITTEE VIII ON GALVANIC AND 
ELECTROLYTIC CORROSION 


A.S.T.M. committees for atmospheric 
tests. Three general types of atmos- 
phere are represented, namely, seacoast, 
industrial, and rural. Complete infor- 
mation regarding the meteorological 
conditions at the test locations is given 
in the 1932 report of Committee B-3.* 
The climatic conditions are also de- 
scribed by Subcommittee VI in the 1938 
report of Committee B-3.4 A detailed 


TABLE I.—TEST LOCATIONS. 
Atmosphere 
Location Classification 
LaJolla (San Diego), 


Sandy Hook, N. J..... Northeastern seacoast 
Key West, Fla......... Southeastern seacoast 
Pittsburgh, Pa.. . Industrial 

Altoona, Pa... .. Industrial 
Rochester, N. Y........ Industrial (humid) 
New York, eS Industrial (seacoast) 
State College, Pa. Rural 

Phoenix, Ariz... Rural (dry) 


discussion of these conditions has been 
omitted from this report because no 
direct correlation has been found be- 
tween the corrosion behavior of the 
metals and meteorological data. The 
available data on climatic conditions 
do not take into account the many 
factors which affect the corrosiveness of 
the atmosphere, such as, the degree of 
industrial contamination, the frequency 
and duration of wetting and drying the 
specimens, the effect of fog, dew fall 
and frost formation. Factors of this 
sort are probably of greater importance 


3 Proceedings, Am. Soc. Testing Mats., Vol. 32, Part I, 
p. 214 (1932). 

4 Proceedings, Am. Soc. Testing Mats., Vol. 38, Part I, 
p. 194 (1938) 
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than the climatic conditions as de- 
scribed by temperature, precipitation, 
relative humidity, sunshine, etc. Fur- 
thermore, the general classification of 
atmospheres as given in Table I cannot 
be taken too literally. For example, 
there is considerable difference between 
the corrosiveness of the atmosphere 
at Pittsburgh, Altoona, New York, and 
Rochester, all of which are classified 
as “industrial.” 

The following paragraphs summarize 
the general conditions at each of the 
test locations. It should be borne in 
mind, that, although the test locations 
are in general typical of the surrounding 
area, the intensity of any corrosive attack 
varies with specific local conditions: 


La Jolla, Calif.—The test site is located - 


on the seacoast of southern California. 
The test rack is approximately 100 ft. 
_ from, and 25 ft. above the water line. 
The rack is subject to considerable spray 
_ and to the unusually heavy fog and dew 
falls which are characteristic of this par- 
ticular region on the Pacific coast. 

Sandy Hook, N. J.—The test rack is 
located at Fort Hancock, near the ex- 
treme tip of the Hook projecting into 
_ the bay, within approximately 100 yd. 
of the water line. The rack at this 
location does not seem to be subject 
to much spray. ‘There issome industrial 
contamination from the shops and build- 
ings of Fort Hancock. The rainfall and 
other climatic conditions are about the 
same as New York City. 

Key West, Fla.—This location, in the 
United States Government Naval Sta- 
tion, is within a short distance of the 
water’s edge. The atmosphere istypical 
of seacoast conditions along the south 
Atlantic coast line. The climate is 
milder than at Sandy Hook, the average 
temperature higher and the rainfall 
heavier; otherwise, conditions are ap- 
proximately the same. The appearance 


of the rack does not indicate that it is 


subject to much spray. 
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Pittsburgh, Pa.—The test rack is lo 
cated on Brunot’s Island in the Ohio 
River, approximately three miles from 
Pittsburgh. The atmosphere is repre. 
sentative of large manufacturing com- 
munities and is contaminated by smoke 
and industrial gases from factories and 
steel mills on both banks of the river, 
as well as by the stack gases from the 
large power generating station located 
on the island. The Pittsburgh area is 
subject to heavy fogs, particularly during 
the late fall and winter. The humidity 
throughout the year is relatively high 
and particularly so at the test location, 
which is located only a few feet above 
the river at the water’s edge. ‘The test 
couples at this location were immersed 
under water for several days in March, 
1936, during flood conditions on the 
Ohio River. 

Altoona, Pa.—The test rack is located 
on the roof of a storehouse in the yard 
of the Pennsylvania Railroad. The 
atmosphere at this location is perhaps 
more heavily contaminated than at 
Pittsburgh because of its close proximity 
to the railroad yards and forge shops, 
both of which are sources of large quat- 
tities of smoke and gas from the com- 
bustion of soft coal. The climatic 
conditions are substantially the same 
as Pittsburgh. 

Rochester, N. Y.—The test rack is 
located in the gorge of the Genesee 
River, a short distance below the falls. 
The humidity at this particular point 
is very high because of the spray and 
mist from the falls. The atmosphere 
is also contaminated by gases from an 
illuminating gas plant and various other 
factories located in the gorge in close 
proximity to the test rack. 

New York, N. Y.—The test rack, 
located on the roof of the Bell Tele 
phone Laboratories building at 463 
West St., is directly opposite the steam 
ship docks in the Hudson River. he 
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is lo # atmosphere is contaminated by smoke ception of one farm house, there are no 
Ohio # and gases from the steamships and other nearby habitations. The climatic con- 
from vessels operating in the river and from ditionsare generally representative of the 
repre- humidity and precipitation conditions 
com: in the inland rural areas of eastern 
smoke Bakelite washer | 7°” oy ite United States. The atmosphere is un- 
and 028226 usually free from contamination by 
river F industrial gases because there are no 
7 large industries within ten miles of the 
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cated “Wo /4-24x/$'long test site. 
bokelite tubing---® RHBMS with Phoenix, Ariz.—The test rack is 
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during 4/2 brass hex. nuts located on the properties of the Phoenix 

midity (diameter, is thick, Light and Power Co. on the outskirts of 

y high with 32 dameter hole the City. The location, although classi- 
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umerous industrial plants in the districts in the United States. The 
t rack, vicinity. climate is hot and dry with very little 
1 Tele State College, Pa.—The test location rainfall and is fairly representative of 
at 463 Son the experimental farms of the Penn- the dry and semi-arid sections of the 
ylvania State College. With the ex- southwestern part of the country. _ 
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Test Couples: 


The tests included all couple combina- 
tions of the metals given in Table II. 
The metallurgical history of these metals 
is given in the 1932 report of Committee 
B-3.3 The type of test specimen and 
the manner of coupling is illustrated 
in Fig. 1. In addition to the various 
couple combinations, two disks of each 
metal were coupled together and tested 
as blanks in order to determine the nor- 
mal corrosion of the metals when as- 
sembled in the form of the test couples. 
Figure 2 shows a typical test rack and 
illustrates the manner in which the 
couples were mounted. The outer faces 
of the metal disks were protected by 
paint in order to confine the corrosion 


TABLE II.-—TEST METALS. 


Identification 

Letter Metal 
ieessseu Aluminum (99.1+ per cent) 
Copper (99.9 per cent) 

_ ee Tron (Mild steel) 
Lead (99.9+- per cent) 
er Nickel (99.3 per cent) 

ee Tin (99.8+ per cent) 

Zinc (99.0+- per cent) 


to the edges and the metal to metal 
surfaces of the couples. The paint did 
not afford protection in all cases and the 
results obtained on many couples were 
influenced by corrosion of the outer 
surfaces. 

Originally four complete sets of 
couples were exposed at each of the 
test locations. The first set was re- 
moved in 1932 and the second set in 
1934, as stated above. The third and 
fourth sets were removed and shipped 
to New York City during July and 
August of 1938. The periods of ex- 
posure at each test location are given 
in detail in Table III. The following is 
a report on the third set of couples, 
which were exposed for a period of 
approximately seven years. The cou- 
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ples in the fourth set were inspected 
and used, where necessary, to check 
apparent discrepancies in the data ob- 
tained from the third set. 


Contact Resistance and Visual Inspection: 


When the test bars, with the couples 
in place, were returned to New York 
City, the contact resistance between 
the metal disks was measured and the 
couples were inspected at a meeting of 
the subcommittee. The inspection was 
first made with the couples in place on 
the test bars to determine the amount 
and color of the edge corrosion products, 
the spreading of the edges of the disks 
and the effectiveness of the paint pro- 
tection on the outer surfaces of the disks. 


TABLE ~EXPOSURE AT 
LOCATION 


Date of First Sneed Third 
Exposure, Period, Period, Period, 


Sets A, Set A’ Set B Sets C 

Location C, D, 1931 and D 
Sandy Hook, N. J... April 14 1.0 $2. .:.3.3 
Key West, Fla. Oct. 12 
Pittsburgh, Pa. July 8 1.0 3.0....7.0 
Altoona, Pa. .. June 1 1.0 3.0 7.1 
Rochester, N. Y.... Sept. 21 1.0 S8....98 
New York, N. YY... March 23....1.0....3.0....7.4 
State College, Pa... Sept.4......1.0....3.0....7.1 
Phoenix, Ariz....... June 8.......1.0 


After this inspection, which was made 
on both sets of bars, the couples on the 
third set were disassembled and the 
inner surfaces inspected to determine 
the amount and color of the corrosion 
products and the distribution of the cor- 
rosion. The results of the resistance 
measurements and the visual inspection 
are given in Table IV (Plate II). It 
should be noted that the resistance 
measurements were made in the labora- 
tory after the corrosion film had been 
given a chance to dry out. Since 


moisture almost invariably lowers re- 
sistance to a marked extent, the values 
given in Table IV are probably in gen- 
eral much higher than those prevailing 
during the test. 
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Legend 
Contact Resistance 
Inf. - Over 250,000 ohms 
00 - Less than 0.5 ohm 
M - Following number 
indicates thousends; 


for example 5 M is 
5000. 


xX - Resistance ot 
mee sured = 7 


Amount of Corrosion Products 


- erni 
S - Small 
M- Medium 
H- Hea 
VH - Very Heavy 4 
Distribution of Corrosion 
Ge - General 
Sp - Spotty 
Ed - Fdge 
Gr - Gray 
Gn - Green 7 
Bk - Black 
Br - Brown 
Bl - Blue 
W - White 


La Jolla, Calif. Sandy Hook, N.J Keywest 
Paint P 
ro- on- - 
Face Cor. Prod. Rage Face Cor. Prod. age 
Edge Cor.Prod. |tion Not |] Res. | Edge ([Cor.Prod |tion % Not || Res Edge |Cor.Prod. |t 
Spread Amt.Color Amt.Dist.Color Cor. Ohms |Spread |Amt.Color Amt.Dist.Color |Cor. Ohms |Spread |Ant.Color 
Slight M Gr 80 | H Ge Gr 0) Inf. |Slight |S Br 100 | M Ge Gr-Br O |jInf. |Tight | 8 Ré-W 
M Gr 80 | H Ge Cr 9) S Br 100 M Ge Gr-Br 
Al Wide M Gr 95 | VH Ge Gn-Gr 0 Inf. |Medium |S_ Br 100 H Ge Gr-Gn 0 Inf. |Slight | & Br-w 
S Gn 0 H Ge Br-Gr 0 S Gr 80 H Ge Gr-Cn 0 8 Br-W 
Al Wide M Br-W | 85/4 UL.Br O Inf. |Wide S Bk 100 | FE Ge Br |Tight | M W-Br 
Fe Badly Corroded H Ge OD.Br H Br 95 | H Ge Br M Br 
Al 781 |Wide “_  Gr-W 60 | H Ge Gr is) 215 |Wide S Br 100 H Ge Gr-Br 19) 6.0 |Medium | § Br-w 
Pb S Gr-W 20 | F Ge D.Gr* S 100 H Ge Gr-Br 
Al |Medium | Br-W 90 | Ge Gr-Gn-Br || 120M |Medium Br 100 | M Ge Gn-Br O |Tight | Scr 
Ni M Br-W 0 S Sp Gr 10 Ss Br 100 M Ge Gr-Br 5 £ Gr 
Al 800 Wide M W-Gr 80 H Ge Gr 0 2M | Wide Ss Br 100 M Ge Gr-Br 0 0.0 Medium Rd-W 
Sn M  W-Gr | VE Ge Gr* S Br-W 95 M Ge Gr-Br Rd-W 
Al 00 | Tight H W 70 |S Sp Gr 10 1.0 |Tight S Br 100 S Sp Gr 15 1M =| Tight 8 Gr 
Zn H W 0 S Sp Gr 15 S Br-w 5 S Sp Gr 20 8 V-Gr 
Cu 3m! Tight Ss Gr 60 M Ge Rd-Gr 0 0.0 Tight S Br-Gn 100 T - - 100 1.0 Tight § Br 
Cu s Gr 60 | M Ge Rd-Gr 0 S Br-Gn | 100 T - - 100 © Br 
Cu Inf. | Tight s Br 15 | M Ge Br ty) Inf. |Wide S Bk 95 H Ge Br 9) 0.0 |Wide § Br 
Fe VH Br O | Disintegrated 0 H Br-Bk 95 VH Ge Br 0 H Br 
Cu 1.0 | Tight S  Gn-W 10 S Ge P1-Rd 10 0.0 |Slight |S Br 100 T - - 100 0.0 |Tight S Br 
Pb M wW 90 | S Ge Bl-Gr 10 S Br-W 190 S Sp br 90 S Br-Rd 
Cu 00 Slight M Gn 50 M Ge Bl-Rd 16) 0.0 Tight S Br-Gno 100 . - 100 0.0 Tight 8 Gr 
Ni Ss Gr-Gn 80 M Ge Bl-kd 16) s Br 100 T - - 100 8 3r 
Cu 00 | Tight S Gn-W 0] S Gr-Rd |} 0.0 {Slight Br 100} S Ge Gr 10 |Slight |S Br 
Sn } W 60 S Ge Gr-Gn 0 S$ W-Gn 100 S Ge cr 10 Sw 
Cu 2.0 |Tight I G-W 0 M Ge Gr-Bl 0 0.0 Tight s Bk 100 S Ge Rd Gn 5 Inf. |Tight 8 Gr 
Zn H Gr 0 M Ge Gr-"1 0 S Bk-W 10 S Ge Cr 5 Sw 
Fe x Badly Corroded end Disintegrated Inf. | Wide H_ Br-Bk 90 VH Ge Rd-Br 0 Inf. |Medium | M Br 
Fe Badly Corroded and Disintegrated H Br-Bk 90 VH Ge Rd-Br 1¢) M Br 
Fe xX Wide Badly Corroded | VH Ge Br 0 Inf. | Wide H_ Br-Bk 95 H Ge Br 0 2™@ |Slight | § Br 
Pb 8 Br 100 VE Ge Br* 0 L Br-Bk 100 AH Ge Br* 0 8 Br-Gr 
Fe xX Missing Inf. | Wide H Br 80 H Ge Br 0 | Tight Br-Bk 
Ni Missing S Br-Gr | 100 H Ge Br 0 § Br 
Fe x Wide Badly Corroded VH Ge Br 0 8.0 |Wide H Br 60 VH Ge Br 10 2.0 |Wide M Br-Bk 
Sn M Br-W 95 | VH Ge Br* te) S Br 100 VH Ge Br* 10 § 8r-W 
Fe xX Tight M Br-W 0 H Ge Bl-Br 5 Inf. | Tight s Br 15 S Ge Br 0 2.0 Tight M Gr 
Zn Vh W O| Gr-Br* 0 S Br-Gr 0 S Ge Gr-Br 0 M Cr 
Pb 00 Slight vS Gr 100 S Ge cr 20 0.0 Tight S Br-Gr 100 S Ge Gr 0 0.0 Slight | & Rd-W 
Pb vs Gr 100 S Ge Gr 20 S Br-Gr 100 S Ge Gr 19) £ Rd-W 
Pd 00 | Slight S Gr-Br| 95 |S Ge Gr-Br 5 0.0 | Tight Gr 100 S Gr-Br 40 0.0 |Tizht SW 
Ni S Gr-Br| 95] S Ge Gr 10 S Br 100 | S Sp Gr 40 $ Gr 
Pb 00 Slight H Gr-W 0 S Ge Gr 15 2M Slight s Gr 100 S Sp Br 45 1.9 Slight | & Rd-W 
Sn Gr-W S Ge Gr 10 S Rd-wW 95 § Gr 45 Rd-W 
Pb 00 | Slight W Ge Gr-br |} 0.0 | Tight S Gr S Ge Br-Cr 5 |Tight | $ Gr-W 
Zn H #H Ge Gr-Br 0 M  Br-W 0 S Ge Gr 10 SW 
Ni 00 Slight vs Br 90 S Sp Gr-W 80 1.6 Tight s Br 100 — - - 100 0.0 Tight S Gr 
Ni VS Br 90 S Sp Gr-W 80 8 Br 100 T - 100 £ Gr 
Ni 00 | Slight vs Br| 90] S Ge Gr-Gn 10 1.0 | Tight Ss Br 100 S Sp Rd-Gr 20 1.0 |Slight | S Br 
Sn M W-Br 80 S Ge Gr-Gn 10 S Gr-w 100 S Sp Rd-Gr 20 Sw 
Ni Inf Slight VH W 10 S Ge Gn-W 90 3.0 Tight Ss Br 15 S Ge Gr 5 0.! Tight S Gr-W 
Zn VH W Oj} M Ge Gr-V 19) S Br-Gr 5 S Ge Gr 5 8 Gr-W 
Sn 00 Slight M Br-W 90 S Ge Gr 1) 1.0 Slight Ss Br 100 S Sp Gr 20 1.0 Slight S Ra-W 
Sp M Br-w| 90] S Ge Gr Br 100 S Sp Gr 20 Rd-W 
Sn 220 | Slight H W H Ce Br-Gr 0 | Tight S Bk 90 S Gr-Bl 10 1.0 |Tight Sw 
Zn H W 0 H Ge Br-Cr 0 s Bk 0 S Sp Gr-Bl 5 SW 
Zn Inf. | Slight VH W O| M Ge Cr 0 0.0 | Tight S Bk 0 T - - 100 ( TM aht SW Gr 
Zn VH W M Ge Gr S Bk 0 100 8 WOGr 
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- CONTACT RESISTANCE AND VISUAL INSPECTION AFTER 7-YR. EXPOSURE. 


Keywest, Fle. Pittsburg Altoona, Pa. Rochester 
Paint Paint 
Pro- Con- Face Cor. Pro- 

Edge tec- tact Edge Edge tec- Edge 
*.Prod. |tion Res. Edge |Cor.Prod Edge |Cor.Prod j|tion Edge | Cor.Prod 
}.Color Amt Ohms |Spread |Amt.Color Amt.Dist.Color Spread | Amt.Color Amt.Dist.Color Spread | Amt.Color 
Pd -W 100 M Ge 5 0.0 |Tight S Bk S Sp Tight S Bk 100 M Ge Tight S Bk 
Ro-W 100 M Ge 5 & Bk £ &p S Bk 100 M Ge S Bk 
Br-w 95 H Ge 0 0.0 |Tight S Bk-wW T a Wide S Bk 100 H Ge Medium} S Bk 
Br-wW 50 H Ge 0 S 3% T - S Bk 100 H Ge S Bk 
W-Br 100 H Ge 0 Inf. |Wide S Bk H Ge Wide S Bk 100 H Ge Medium| S_ Bk 
br 100 H G 0 H Br H Ge H Br 50 H Ge H Br 
Br-W 100 H Ge 5 2.0 |Medium |S Bk H Ge Medium S Bk 100 H Ge Tight S Bk 
i” 100 H Ge 19) & Gr H Ge S Gr 100 H Ge S Bk 
Gr 109 M Ge 0 1.0 |Tight S Bk M Sp Tight S 38k 100 M Sp Tight S Bk 
Gr 100 | M Sp 40 S Bk M Sp S Bk 100 | M Sp S Bk 
Ra -W 100 H Ge 5 2.0 |Medium S Bk-W H Ge Slight S Bk-W 100 H Ge Medium| S_ Bk 
Rd -W 100 H Ge 5 S Bk H Ge S Bk 100 H Ge S Bk 
Gr 100 S Sp 3. 1.0 |Tight S Bk S Sp Tight S Bk 100 S Sp Tight S 8k 
W-Gr 10 S Sp S Bk-W S Ge Bk-W 100 S Sp S Bk-W 
Br 100 T - 0.0 |Tight S Gn-Bk T - Tight S Bk-Gn | 100 3 - Tight S Bk 
Br 100 T - S Gn-Bk T - S Bk-Gn | 100 T - S Rk 
Br 100 H Ge 2.0 |Medium |S Bk H Ge Wide S Bk 100 H Ge Slight | S Bk 
Br 100 H Ge H Br H Ge H Br 19) H Ge H Br 
Br 95 S Sp 127.0 |Slight S Bk S Fd Tight S Bk-Gn | 100 T - Slight S Bk 
Br-Rd 95 S Sp S Bk Ss Ei S Pk 100 s Ge S Bk 
Gr 95 T - 0.0 {Tight S Bk T - Tight S Bk 100 = « Tight S Bk 
Sr 100 T - S Gn-Bk 7 S Bk 100 S Bk 
Br 90 | S Ge 0.0 |Slight |S Gn-3k M Sp Slight | S Bk 100 S Ge Slight | S Bk 
Ww 100 S Ge S bk M Sp S Bk 100 M Ge S Bk 
Gr 0 S Ge 2.0 {Tight S Bk S Ge Tight S Bk 100 4 V.Sl't.| S Bk 
os 20 S Ge S Bk-w Ss Ge S Bk-W 90 T - S Bk-W 
Br 95 H Ge Inf. |Wide H Br H Ge Wide H Br 0 H Ge Tight VH Br 
Br 100 H Ge H Br H Ge H Pr 19) +4 Ge VH Br 
Br 100 H Ge -O jWide H Br H Ge Wide H Br 0 H Ge Wide VH Br 
Br-Gr 100 H Ge S Bk M ye S Bk 100 H Ge S Bk 
} Br-Bk 100 H Ge Inf. |Wide H Br H Ge Tight H Br 25 H Ge Tight VH Br 
} Br 100 H Ge S Bk M Ge S Bk 100 H Ge S Bk 

‘ Br-Bk 100 H Ge 2.0 |Wide H Br H Ge Wide H Br 0 H Ge Wide VH Br 
} Sr-wW 100 H Ge S Be - H Ge S Bk 100 HH Ge S Bk 
| Gr 70 S Ge 90M |Tight S Bk S Ge Medium | M Br 40 HH Ge Tight S Bk 
| Gr 60 S Ge S Bk-W S Ge S Bk 100 H Ge S Bk-W 
3 Rd-W 100 S 0.0 |Slight S Bk S Sp Slight S Bk 100 s Ss Slight S Gr 
Rd-W 100 S Bk S S Bk 100 S  S&p S Gr 
3 Ww 100 S 2.0 |Slight |S Bk S Fd Tight S Bk 100 S Sp Slight | S Gr 
3 Gr 100 S Bk S Ed S Bk 100 S Sp S Bk 
5 Rd-\ 100 M 0.0 Slight S Bk M Fd Slight S Bk 100 s Sp Medium| S_ Bk 
5 Rd-W 100 8 S Bk MEd S Bk 100 S Sp S Bk 
S Gr-W 80] Ss 1.0 |Tight S Bk S Sp Tight S Bk 100 | S_ Sp Slight | M Bk 
SW 70| § © Bk-W S Sp S Bk-W 100 S &p M Bk-W 

S Gr 100 T - 0.0 |Tight S Br 7 = Tight S Bk 100 s Tight S Bk 

£6r 199 S Gr S bk 100 s S Bk 

8 Br 100 T - 6.0 |Slight |S Br-Gr S Ed Slight | S Bk-Gn | 100 Ss Slight | S Bk 
Sw 100 | S Ge S Bk S Ed S Bk 100 s .| S Bk-Gr 
8 Gr-w 50 S Ge 2.0 |Tight S Bk S Sp Tight S Bk 100 s Tight S Bk 
8 Gr-W 60 S Ue S Bk-W s Sp S Bk-W 80 Ss S Bk-Gr 
S Rd-W 100 | S Ge 0.0 |Medium |S Bk S Fd Slight | S Bx 100 | M Slight | S Gr 
8 Rd-w 100 S Ge S Bk § Ed S Bk 100 M S Gr 
ae 95 | S Ge 0.0 |Tight S Bk S Sp Tight S Bk 100 Ss Slight | S Bk 

Ww S Ge S Bk-W S S Bk-W 80 Ss S Bk 

1S W Gr 10 Sp Inf. {Slight |S Bk-W S Sp Tight S Bk-W 90 s 

W Gr 20 ‘Sp S Bk-W S Sp 95 | s 
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PLATE II 
toe PROCEEDINGS, AM. SOc. 
VOL. 39 
GALVANIC COUPLE CORR 
ster, N. Y. New York, N.Y. Stete College, Pa. Phoenix, Ariz. 
Paint — Paint Paint 
Pro- Con- TO- Face Cor. Prod. Con- Pro- Con- Pro- : 
| Face Cor. Prod. Rage Rage Face Cor. Prod Rage Face Cor. | 
‘od tion Not |] Res. Edge [|Cor.Prod. | tion % Not Res. Edge |Cor.Prod j|tion % Not Res. e | Cor.Prod |tion 
lor | % Amt.Dist.Color |Cor. Ohms | Spread |Amt.Color | @ Amt.Dist.Color |Cor. Ohms | Spread | Amt.Color | % Amt.Dist.Color |Cor. Ohms | Spread |} Amt .Color Amt .Dist.Colo 
100 S Sp r-Bl 60 0.0 | Tight S Bk-W 100 S Ge Bk-W 20 ? - 100 T - 100 0.0 | Tight ? Gr 100 S Sp Gr 
100 S Sp Gr-Bl 60 S Bk-W 100 S Ge Bk-W 20 0.0] Tight 100 100 T Gr 100 S Sp Gr 
100 H Ge Ge-Br 0 0.0 | Medium S B8k-W 100 H Ge Bl-W 9) 2 Br 100 S Ge Gn-r 20 0.0 | Slight S Gr 100 M Sp Gr-G 
100 H Ge Ge-Br 0 S Bk 100 S Ge Bk-W 10 Inf. | V.Sl't.| T Br 100 S Ge Gr-Br 20 S Br 100 M Sp Gr-t 
100 H Ge Br 0 Inf. | Medium |S Bk-W 100 M Ge Br-W 0 S Br 100 H Ge Gr-Br 0 2.0 |Slight | T Br 100 M Gr-B 
0 H Ge Br 0 M Bk-Br 95 M Ge Br-W 1.0] Slight | S Br 95 H Ge Gr-Br 0 S Br 100 M Gr-= 
100 S Sp Gr-Bl 25 0.0 | Tight S Bk-8r | 100 M Ge Bk-W fe) T Bk 100 S Ge Gr 0 16.0 | Slight} T W 100 S Ge Gr 
100 S Sp Dark-Gy 50 S Bk 100 M Ge Bk-W is) 0.0 | Tight T W 100 S Ge Gr 0 T Bk 100 S Ge Gr 
100 S Sp Gr 75 0.0 | Wide S Bk 100 S Sp Pk-Gn 10 T Br 100 ty - - 100 1.0 |Slight| T W 100 S Sp Gr 
100 S Sp Gr 75 S Bk-Gr | 100 S Sp Gr-Gn 25 70.0 | Tight T Br 100 T - - 100 T #Br 100 S$ Sp Gr 
: 100 H Ge _ Gr-Bl 0 0.0 |Medium |S Bk-W 100 M Ge Bk-W 0 T Br 100 S Sp Gr 20 0.0 |Slight |} T Gr 100 S Sp. Gr-t 
; 100 H Ge Gr-Bl 0 S Bk 100 M Ge Bk-W (9) 0.0 |Medium | S_ Br-W 100 S Sp Gr 20 T Gr 100 S Sp. Gr-! 
: 100 S Sp Gr-Bl 85 0.0 | Tight S Bk-Gr | 100 T - - 25 T Br 100 s Gr 0 0.0 | Tight T Gr 100 S Ge Gr- 
r—W 90 S Sp Gr-Bl 85 S Bkw 20 S Ge Gr 10 0.0 | Tight 7? Br 100 Ss Gr 0 T Gr 80 S Ge Gr-t 
: 100 " « - 100 0.0 | Tight S Bk-Gn | 100 T - - 0 S Br 100 T - 100 0.0 | Tight S Bk 100 2 -» - 
; 100 T - - 100 S Bk-Gn | 100 e = - 0 0.0 | Tight S Br 100 Vg - 100 S Bk 100 = -» - 
: 100 H Ge Br 1 0.0 |Medium |S Bk 0 M Ge Br 0 S Br 100 H Ge Br 5 0.0 |Slight | S Br 100 S Ed Br 
J 0 H Ge Br 10 H Br 19) M Ge Br 1?) 0.0 |Medium | M Bk 95 H Ge Br 5 S Br 100 S Fd Br 
100 S Ed 90 0.0 | Tight S Bk-Gr | 100 T - Br 100 T - 100 0.0 | Tight S Bk 100 
100 S Ea br S Bk 100 - 6.0 | Tight S Br-W 100 T - 100 S Bk 100 
100 S Ed B8l-Gr 90 0.0 | Tight S Bk 100 S Ge Gr-Rd 0 T Br 100 - - 100 1.0 | Tight ? Br 100 = - 
100 S Ed Br-Gr 90 S Bk 100 T - 5 0.0 | Tight T Br 100 100 100 
" 100 M Sp Br 50 0.0 | Tight S Bk-Gr | 100 S Ed Br 75 T Br 100 S Ed Br 50 0.0 |Slight | S Bk 100  -» - 
; 100 M Sp Br 50 S k 100 S Ed Br 75 0.0 | Slight S BrvW 100 S Ed Gr 50 T Gr 100  y - - 
c 60 S Sp Gr-Br 85 0.0 | Tight S Bk-Gr 60 S Ed Bk-W 80 T Br-W 100 S Ed Pur 90 0.0 | Tight S Gr 85 T - - 
c-W 25 S Sp Gr 85 S Bk-wW 10 S Ed Gr 70 0.0 | Tight S Br 100 S Fd Gr 80 S Gr 90 ? - - 
P 0 EK Ge kr 0 Inf. |Medium |H Br 0 H Ge Br 0 M Br-Bk 95 H Ge 8r 0 450 M {Slight | S Br 100 M Ge Br 
7 i?) H Ge Br 6) H Br 0 H Ge Br 0 Inf. |Medium | M Br-Bk 95 H Ge Br 0 S Br 100 M Ge Br 
r 0 H Sp. Br 20 Inf. | Wide 4 Br 0 H Ge Br 5 M Br Bk 95 M Ed Br 30 0.0 |Slight | S Br 100 S Fa Br 
c 100 H Sp Br* 20 S Bk 0 S Ge Br 5 Inf. |Medium | S_ Br-W 100 M Ed Br 30 T Gr 100 S Ed Br 
r 19) H Ge Br 0 Inf. | Slight H Br 40 H Ge Br 19) M Br 95 H Ge Br 0 Inf. |Slight S Br 100 M Ge Br 
c 100 M Ge Br 5 S 38k 0 S Sp Br 5 Inf. |Medium | T Br 100 M Ge Br 0 Ss Br 100 M Ge Br 
r 19) F Ge Br 5 0.0 |Wide H Br 20 EK Ed Bk -Br 15 M Br-Bk 95 H Ge Br 0 0.0 | Wide S Br 100 M Ed Br 
: 100 H Ge Br 5 S Bk 0 H Ed Bk-Sr 15 Inf. | Wide S Br-W 95 M Ge Br* 0 S Br 100 M Ed Br 
c 100 S Ge Br-Gr 10 0.0 |Tignt S Bk 90 T - - 10 S Br 100 S Ed Br 40 Inf. |Tignt S Br 100 S Fd 86re 
«-W 95 S Ce  Br-Cr 10 S Bk-W 50 S Ge Gr 0 Inf. | Tight S Br 100 S Ed Br 50 T Gr 80 S Fd Bre 
r 100 S Ed Gr 90 0.0 |Slight |S Bk 100 7 « - 100 S Wk 100 S Sp Gr 50 0.0 |Medium | S_ Bk 100 : « - 
r 100 S Fd Gr 90 S Bk 100 7 «= - 100 0.0 |Slight | S W-Bk 100 S Sp 4Gr 50 S Bk 100 _ = - 
r 100 S Ed Gr-Bl 75 Inf. |Slight |S 8k 100 , « - 40 S Bk-W 100 S Ed Gr 50 0.0 |Tight S Bk 100 T - - 
K 100 S Ed Gr-8l 75 S Bk 100 7 « - 40 8.0 |Slight | T Br 100 S Ed Gr 60 T Gr 100 . - 
k 100 S Ed Gr-Bl 75 0.0 |Medium |S Bk 100 S Ed Bbk-Br 30 S Bk 100 S Sp Gr 40 Medium | S 3k 100 — = ~ 
k 100 S Ed Gr-3l 75 S Bk-Gr |100 S Ed  8r-Bl 30 0.0 |Medium | S Gr 100 S Sp Gr 40 1.0 T Gr 100 . «= - 
K 100 S Sp Gr 85 0.0 |Tight S Bkw 100 a - 20 S Bk 100 € Sp cr 50 Tight S Gr 100 S Sp Gr 
«-W 95 S Sp Gr 80 S Bk-wW 50 7 * - 10 0.0 |Tight S Bk 100 S Sp Gr 50 1.0 S Gr 90 S Sp Gr 
k 100 T - - 100 0.0 |Tight S Bk-Gr |100 T - ~ 0 T Bk 100 ? - = 100 0.0 |Tight T Gr 100 4 - - 
k 100 T - - 100 S Bk-Gr |100  « - 0 0.0 |Tight T Bk 100 i - - 100 T Gr 100 T - - 
k 100 S Sp Bl €0 120M {Slight |S Bk-Gr |100 7. « - 30 T Bk 100 S Sp Gr 50 0.0 |Slight | S Gr 100 = - a» - 
k-Gr | 100 S Sp Bl 65 S Bk 100 T - - 30 0.0 |Slight |S wW 100 S Sp Gr 50 S Gr 100 T - - 
k 100 S Sp Gr 50 240 M |Tignt S Bk 100 T - - 25 S Bk 100 S Sp Bl-W 50 2.0 |Tight T Gr 95 ? - - 
k-Gr 95 S Sp Gr 50 S Bk-w 10 T - - 25 230.0 |Tight Ss Br 100 S Sp Pl-W 50 ? Gr 80 T - - 
r 100 S Sp Gr 0) Inf. |Medium |S Bk 100 7... = - 70 Ss wW 100 S Sp Br 30 0.0 |Medium | T Gr 100 T - - 
r 100 H Ed Bl 60 S Bk 100 = « - 7 0.0 |Medium Ss wW 100 S Sp Br 30 T Gr 100 T - - 
k 100 S Sp Gr-Bl 50 240M |Tight S Bk 100 > ~ - 0 S Bk 100 S Ge Gr-8r 5 0.0 |Tight T Gr 100 . = - 
k 100 S Sp Gr-Bl 50 S Bk-W 20 T - - 0 0.0 {Slight S Bk 100 S Ge Gr-Br 5 T Gr 80 “3 - - 
ik-Gr 100 S Sp Gr-Bl 80 0.0 [Tight S Bk-W 20 ? - 19) S Bk 95 S Sp Gr 30 0.0 |Tight T Gr 80 Fy - - 
ik-Gr 95 S Sp Cr-Bl 80 S Bk-W 20 7 = 0 480.0 |Tignt S Bk 90 S Sp Gr 30 T Gr 80 
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Stete College, Pa Phoenix, Ari 


Paint Paint 


Face Cor. Prod. . — Face Cor. Prod Rage — Face Cor. Prod. 
Edge |Cor.Prod tion Edge | Cor.Prod tion 
Amt .Dist.Color Spread | Amt.Color | % Amt .Dist.Color Spread | Amt.Color | % Amt .Dist.Color 


Tight 
Tight 


Slight 
V.S1't. 


Slight 
Slight 


Slight 
Slight 


Tight 


Tight 


Slight 
Medium 


PSS 


Tight 
Tight 


Tight 
Tight 


Slight 
Medium 


Tight 
Tight 


Tight 


Tight 
Slight 


Slight 
Tight 


Tight 


Slight 
Medium 


BS? 


Slight 
Medium 
Slight 
Medium 
Wide 
Wide 


Tight 


Tight 


Medium 
Slight 


Tight 
Slight 


Medium 
Medium 


Tight 


wo 
0 


Tight 
Tight 
Tight 
Slight 


Tight 


Slight 


Tight 


Medium 
Medium 


Tight 


Slight 


Tight 


#3388 9348888 NMS 


wun 


Tignt 


N.Y. | 
aint |_| 
ro- 1 
ec- 
ion Not ] 
100 Bk-W 20 100 Sp Gr 60 | al 
LOO Bk-W 20 0.0 100 Sp Gr 60 Al 
. ie Bl-W 0 10 Sp Gr-Gn 20 | Al 
100 Bk-W 10 Inf. 10 Sp Gr-Br]| 20 Cu 
100 Br-W 100 Ge Gr-Br 
95 Br-W 0 1.0 101 Ge Gr-Br Fe 
100 Bk-W 0 10 Ge Gr 10 | al 
1.00 Bk-W 0 0.0| 100 10 Ge Gr 10 Pb 
Pk-Gn 10 100 10 Sp Or Al 
LOO Gr-G 25 70.0 | i 100 Sp r 
OO Bk 0 101 Sp  Gr-Rr 20 | Al 
OO Bk-W Oo | 0.0 100 Sp Gr-Br 20 Sn 
25 | 10 Ge Gr-2r | 30 | al 
20 Gr 10 | 0.0 8 Ge Gr-Br 30 Zn 
0.0 10 100 Cu 
Br 10 Ed Br 50 Cu 
Br 0 0.0 100 Fg Br 50 e 
h 00 0 10 100 Cu 
LOO 0 0.0 100 100 Pb 
- | Br} | 101 - u 
. 0.0 100 100 Ni 
00 Br 75 101 100 |Cu 
100 Br 75 0.0 10 2 100 Sn 
60 Bk -W 80 | 8 100 |Cu 
10 Gr 70 “ 100 Zn 
10 ir 0 Fe 
10% Br 
° Br ; Inf. 10 Ed Br 25 Pb 
40 Br ) 10 Ge Br O |Fe 
5 10 Ge Br 6) Ni 
im) Br 5 Inf. 
20 Bk -Br 15 10 Ed Br 20 |Fe 
0 Bk-Er 15 Inf. 10 Ed Br 20 Sn 
190 o 10 10 Fd Br-Gr 85 Fe 
50 Gr Inf. | Fd Br-Gr 85 Zn 
— 100 10 - 100 |Pb 
- 100 Pb 
100 0.C 10 
10 100 |Pb 
00 30 10 100 |Pb 
30 10 100 Sn 
10 0.¢ 9 
10 100 |Ni 
30 10 3 100 |Ni " 
‘ 10 100 n 
25 230.0 | - | 100 n 
10 100 |Sn 
70 0.¢ 100 
0 0 Bk 100 100 Zn 
0 (0) 0.0 Bk 100 8 - 
Bk 95 ; 8 - - 100 Zn 
C - - 480.0 Bk 30 Gr 80 0 
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On GALVANIC AND ELECTROLYTIC CORROSION 


Removal of Paint and Corrosion Products: 


After the inspection, the paint and 
corrosion products were removed by 
the following processes: 

Iron.—The iron disks were immersed 
in a boiling solution of 20 per cent so- 
dium hydroxide to which had been added 
200 to 300 g. of zinc dust per liter. The 
disks were placed so that they were in 
contact with the zinc dust. They were 
rinsed in water periodically and scrubbed 
with a bristle brush until all the paint 
and corrosion products were removed. 
This treatment required from 30 min. 
to 2 hr. Blank iron disks subjected to 
this treatment for 2 hr. showed no loss 
in weight. 

Nickel.—The paint was removed by 
a10-min. dip in a hot 4 per cent so- 
dium hydroxide solution. The corrosion 


products were removed by a 10-min. 
treatment in a solution of hydrochloric 
acid (1:1) containing 10 g. per liter of 


trodine at a temperature of 10 to 15C. 
The disks were then scrubbed under 
running water. Blank disks subjected 
to these treatments showed a maximum 
loss in weight of 2.0 mg. 
Aluminum.—All aluminum disks were 
cleaned in a solution of concentrated 
nitric acid at room temperature for 
periods varying from 4 to 2 hr. Peri- 
odically they were rinsed and scrubbed 
under running water. With the excep- 
tion of those disks coupled with tin or 
ion, this treatment was sufficient to 
move paint and corrosion products. 
The disks coupled with tin or iron were 
subjected to an additional 20 min. 
tteatment with a solution of hydrochloric 
acid (1:1) containing 10 g. per liter of 
iodine at a temperature of 0 to 5C. 
Blank aluminum disks treated with 
littic acid showed no loss in weight. 
The hydrochloric acid treatment caused 
24mg. loss in weight. 

Tin—The paint from the tin disks 
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was removed by a 10-min. dip in boiling 
15 per cent trisodium phosphate. This 
treatment was sufficient also to remove 
the corrosion products from the tin 
disks coupled with zinc or nickel. The 
corrosion products from the disks cou- 
pled with copper, lead, aluminum, or 
tin were removed by a 10-min. treat- 
ment in a solution of hydrochloric acid 
(1:1) containing 10 g. per liter of rodine 
at a temperature of 10 to 15C. The 
tin disks coupled with iron were treated 
for 30 min. in boiling 40 per cent am- 
monium acetate containing 10 g. per 
liter of rodine followed by a 10-min. 
dip in cold hydrochloric acid (1:1). 
This treatment removed rust which 
adhered to the tin disks. Blank speci- 
mens lost 1 mg. by the phosphate dip, 
2 mg. by the hydrochloric acid treat- 
ment, and 5 mg. by the ammonuim 
acetate action. 

Lead.—A 5-min. dip in boiling tri- 
sodium phosphate was used to remove 
the paint from the lead disks. They 
were then boiled in 1 per cent acetic 
acid for 10 min., but this treatment 
did not satisfactorily remove the cor- 
rosion products. The disks were then 
treated for 40 min. with a boiling 40 
per cent solution of ammonium acetate 
containing 10 g. per liter of rodine and 
then rinsed in water. Removal of the 
corrosion products was aided by bending 
the disks and rubbing them lightly us- 
ing rubber gloves. Blank lead disks 
subjected to this phosphate, acetic acid, 
and ammonium acetate treatment lost 
1 mg., 5 mg. and 4 mg., respectively. 

Zinc.—The zinc disks were treated 
for 10 min. with a 20 per cent solution 
of chromic acid at 80C. During this 
treatment they were scrubbed period- 
ically under running tap water to remove 
loosened paint and corrosion products. 
The chromic acid solution must con- 
tain little or no sulfate in order that the 
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attack on the metal be slight. Since 
with use the solution became contami- 
nated with sulfate, it was necessary to 
run periodic checks using blank zinc 
disks. A fresh solution was made when 
the blank loss became high. The aver- 
age loss in weight by the blank disks was 
7 mg. in 10 min. 

Copper.—A 5 min. dip in a boiling 
solution of 4 per cent sodium hydroxide 
was used to remove the paint from the 
copper disks. The blank loss by this 
treatment was less than 1 mg. The 
disks were then immersed for 15 min. 
in a solution of hydrochloric acid (1:1) 
containing 10 g. per liter of rodine at a 
temperature of 10 to 15C. and then 
rinsed in water. The copper disks 
coupled with iron were given an addi- 
tional 25 min. treatment in the hydro- 
chloric acid solution with occasional 
scrubbing under running water. Blank 
copper disks lost 7 mg. in 15 min. by 
the hydrochloric acid treatment. 


Presentation of Data on Weight Changes: 


After cleaning, the disks were weighed 
to the nearest milligram to determine 
the loss of metal by corrosion. The 
results, corrected for cleaning errors, 
are given in Table V (Plate III). The 
first column under each location gives 
the actual weight change of the disks 
in milligrams. The weight changes, ex- 
pressed as percentages of the original 
weight of the disks, are given in the 
second column. The weight changes 
for the blanks are given at the head of 
each group of couples and the average 
for the blanks are given in parentheses 
in the third column. These values 
represent the normal corrosion of the 
metal, when assembled in the form of 
the test specimens. The third column 
also gives the weight difference between 
the normal corrosion and the corrosion 
of the metal concerned when coupled 
with other metals. The plus signs indi- 


cate acceleration, and the minus signs 
retardation, of the normal corrosion 
under the test conditions. 

In several instances the final weight 
of the disk was higher than the original 
weight. These cases are shown by the 
asterisks on the table and are due to the 
incomplete removal of the corrosion 
products of the other metal in the 
couple. For example, in the case of 
the tin-aluminum couples the corro- 
sion products of aluminum were im- 
bedded in several of the tin disks and 
could not be removed by the cleaning 
method used. A careful inspection of 
the disks, showing an increase in weight, 
indicated that the corrosion of the metal 
was negligible, as recorded by the sym- 
bol NV in the percentage columns. 

Table VI (Plate IV) presents a sum- 
mary of the results obtained in all three 
test periods. In this table the weight 
change data, expressed as a percentage 
of the original weight, are arranged in 


columns so as to permit an easy com- 
parison of the results obtained in the 


the successive test periods. The per- 
centages are given to the nearest 0.1 
per cent, and values less than 0.06 
per cent are considered as _ negligible. 

The test results given in Table VI 
(Plate IV) are shown graphically in 
Figs. 3 and 4 (Plates V and VI). The 
data for all metals except iron, and all 
test locations except La Jolla, are plotted 
to the same scale in Fig. 3 (Plate V). 
The data obtained at La Jolla and for 
the iron disks at all locations are plotted 
to different scales in Fig. 4 (Plate VI). 
This arrangement was found necessary 
because of the relative amounts of cor- 
rosion involved. 

In arranging the graphs, the results 
for the same metal are grouped together 
for each of the exposure locations, which 
are indicated at the bottom of the plate. 
The columns give the percentage weight 
changes of the respective metals when 
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La Jolls, Calif. Sandy Hook, N.J. Key West, Fla. 
Weight Loss Weight Loss Weight Loss 
When Weight Weight Weigh 
Coupled per Diff. per Dif. per Diff. 
with mg. (a) ent (b) mg.{a) jcent (b) mg.(c} mg.(a) feent (b) |mg.(c 
Blank 96 e3 (104) 20 0.44 (20) 14 0.30 (13 
od 113 2.5 - 21 0.46 - 12 0.26 - 
Copper 762 16.6 + 658 357 7.8 + 337 164 3.6 + 151 
Iron 382 8.3 + 278 59 1.3 + 39 123 2.7 + 110 
Lead 703 15.3 + 599 135 2.9 + 115 143 3.1 + 130 
Nickel 277 6.0 + 173 39 0.85 + 19 70 1.5 + 57 
428 9.4 + 324 108 2.4 + 88 74 1.6 + 61 
28 0.6 - % 10 0,22 - 10 1 N =_14 
329 2.3 (358) 25 0.17 (26) 26 0.18 (30 
377 2.5 - 28 0.19 - 34 0.23 - 
37 0.25 |- 321 49 0.33 + 23 19 6.13 |- 11 
89 0.60 |- 269 50 0.34 + 24 3 6.20 0 
47 0.32 |- 311 24 0.16 = 14 0.09 |- 16 
1268 8.5 + 910 30 0.20 + 4 13 0.09 |- 17 
19 0.13 |- 339 41 0.28 + 15 20 0.13 }|- 10 
27 0.18 |- 331 te 0.05 - 18 12 0.08 |- 18 
Iron Blank 9547 74.7 (9547) 962 7.6 (966) 735 5.7 (750 
bd - - - 971 7.6 - 765 6.0 - 
5040 39.3 44507 869 6.8 - 97 510 4.0 - 240 
7471 58.4 42076 921 7.8 - 45 1394 10.9 + 644 
5000 35.0 44547 436 3.4 - 530 270 2.1 - 480 
- - - 743 5.8 - 223 3825 6.5 + 7 
6751 5?.8 $2796 1202 9.4 + 236 541 4.3 - 209 
714 5.5 +8833 156 pe: - 810 ll 0.09 | - 739 
12 0.68 (115) 56 0.28 (62) 189 0.97 (192 
104 0.55 - 69 0.35 ~ 194 13 - 
11” 0.59 |+ 2 93 0.48 es 176 0.9 - 15 
518 2.8 + 403 104 0.53 + 42 205 ee" + 14 
284 1.5 + 169 110 0.56 + 58 276 3.3 + 85 
380 1.9 + 265 88 0.45 + 26 227 3.2 + 36 
187 0.95 |+ 72 95 0.49 + 33 205 1.1 + 14 
479 2.4 + 364 129 0.66 + 67 223 1.2 + 32 
Nickel Blank 4 0.03 (6) 13 0.09 (14) 0.0 0.0 (0.0 
7 0.03 - 15 0.10 0.0 0.0 
Aluminum 4 0.08 i- 2 16 0.11 + 2 o* N 0 
Copper 5 646 i- 1 7 0.05 - # 0.0 0.0 0.0 
Iron Missing 7 26 0.17 * 3 6 0.04 + 6 
Lead 0 0.0 6 0.04 N 0 
Tin 0 0.0 21 0.19 1* N 0 
Zine 0 0.0 - 6 (6) 0.0 - 146 23* N 0 
Tin Blank 75 0.61 (119) 36 0.29 (38) 28 0.23 (30 
° 163 1.3 - 40 0.32 = 31 0.25 - 
Aluminum 20 0.16 |- 99 32* N - 38 P0* N - 30 
Copper 496 4.0 + 377 152 1.2 + 114 350 2.8 + 221 
Iron 46 5.9 + 357 125 1.0 + 87 334 2.9 + 305 
Lead 52 0.42 |- 67 26 0.23 = 10 19 0.15 |- 10 
Nickel 342 2.8 + 22 34 0.28 - 4 35 0.29 |+ § 
Zine 110 0.69 |- 9 2 0.02 - 36 0.0 0.0 - 30 
Zine Blank 1277 10.7 (1309) 93 0.78 (98) 96 0.80 (8 
° 134£ Te - 103 0.86 - 77 0.59 
Aluminum 1870 15.6 + 46) 248 2.1 + 150 219 1.8 + 13 
Copper 2494 21.0 +1185 252 2.2 + 160 144 1.2 + § 
Iron 2718 22.8 +1409 252 2.1 + 154 172 1.4 + & 
Lead 2752 23.1 +1443 204 1.9 + 106 123 1.0 ¢ § 
Nickel 3650 32.2 +2541 275 2.3 + 177 277 2.3 + 19 
Tin 2340 19.6 +1031 196 1.6 + 98 124 1.0 ¢ 3 


— 


(a) Weight change of disks in milligrams. 
(>) Weight change of disks in per cent of origins] weight. 
(c) Difference between avernge weight change of each metal 
coupled with itseif and when coupled with other metel. 


+ Corrosion 

- Corrosion 

( ) Figures in 
disks of t 
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TABLE V. - WEIGHT CHANGES AFTER 7-YR. EXPOSURE. 
CORROSION PRODUCTS RE:OVED. 


Key West, Fla. Pittsburgh, Pa. * Altoona, Pa. Rochester, N.Y. New York, N.Y. State College, Pa. | Phoenix, Ariz. 
Loss Weight Loss Weight Loss Weight Loss Weight Loss Weight Loss | Weight Loss 
Weight Weight Weight Weight Weight Weight Weight 
per Diff. per Dift.. per Diff., ; per Diff. per Diff. per Diff. per Diff., 

ent (») mg.(c} mg.(a) |cent (b) | mg.(c) feent (bd) mg.(c) mg.{a) |cent (b) mg.(a) {cent (b) mg.(c} mg.(a) jcent (b) mg.(c} -(a) cent (b mg. (c) 
0.30 (13) 11 0.24 (11) 21 0.46 (20) 6 0.13 (6) 18 0.39 (20) 2 0.04 (2) 4 0.09 (3) 

__ 0.26 - 10 0.22 ~ 19 0.42 - 6 0.13 - 2 0.48 - 1 0.02 - 2 0.04 ~ 
3.6 + 151 44 0.95 + 33 150 3.3 + 130 184 4.0 + 178 214 4.8 + 194 23 0.50 » = 38 0.82 + 35 
2.7 + 110 €8 1.5 ¢ §7 90 2.0 + 70 78 1.7 * 9 203 4.4 + 183 64 1.4 + 62 64 1.4 + 61 
3.1 + 1350 86 1.9 + 75 89 1.9 + 69 20 0.44 + 14 99 2.8 + 79 ? 0.37 + 15 19 0.41 + 16 
1.5 + §7 27 0.6 + 16 61 1.3 + 4) 10 0.22 + 4 59 1.3 + 39 13 0.28 + dl 6 0.13 + 3 
1.6 + 61 56 1.2 + 45 66 1.4 + 46 45 0.99 + 39 84 1.8 + 64 13 0.28 + ll 6 0.13 + §$ 

— - 14 2 0.04 a 9 4 0.09 - 16 3 0.07 - 3 2 0.04 - 18 i¢) 0.0 - 2 1 0.02 - 2 
0.18 (30) 52 C.39 (62) 47 0.32 (58) 30 0.20 (31) 51 0.34 (50) 20 0.13 (16) ll 0.07 (10) 

0.23 - 0.45 69 0.46 - 33 0.22 48 0.32 - 2 0; 08 - 8 0.05 

0.13 - ill 31 0.21 - 31 16 0.11 - 42 18 0.12 - 13 19 0.13 - 31 12 0.08 - 4 2 0.01 - 8 

6.20 0 39 0.26 - 23 25 0.17 - +33 16 0.11 - 15 31 0.2) - 19 19 0.13 + 3 16 0.11 + 6 

0.09 |- 16 81 0.55 |} + 19 58 0.39 0 44 0.30 + 13 65 0.44 + 15 6 0.04 10 8 0.05 » 22 

0.09 - 197 9 0.06 - 651 16 0.11 - 42 12 0.08 - 19 35 0.24 - 15 16 0.11 0 5 0.03 - 5 

0.13 - 10 98 0.66 + 36 62 0.42 + 4 48 0.32 o oF 60 0.40 + 10 12 0.08 - 4 5 0.03 7 5 

0.08 - 18 3 0.02 - §9 41 0.28 - 17 1 0.01 - 30 1 0.01 - 49 1* N 16 1* N - 10 7. 7 
5.7 (750) 1798 14.0 (1825) 1377 10.8 1217 1358 10.7 (1406) 1545 12.4 (1534) 469 3.7 (470) 148 1.15 (136) : 
6.0 - 1853 14.5 - 1057 2.2 + 1454 11.4 - 1524 11.9 - 470 3.7 - 125 0.98 - 

4.0 - 240 1952 15.2 + 127 686 5.4 - 53) 1483 11.6 + 1000 7.8 - 534 284 3.28 - 186 40 0.31 - 96 j 
10.9 + 644 3178 24.8 +1353 1679 13.2 + 462 2059 16.2 + 653 1876 14.6 + 342 641 5.0 * 274 152 1.2 + 16 7 

2.1 - 480 2011 15.8 + 186 1229 9.6 ¢ 12 1938 15.2 + §32 1497 13.7 - 37 291 2.3 - 179 97 0.76 - 39 

6.5 + 7§ 1903 14.9 + 78 825 6.4 - 392 1595 12.5 + 189 1091 8.5 - 443 500 3.9 + 30 145 1.1 + 9 aa 

4.3 - 209 2591 20.2 + 766 1625 12.8 + 408 2081 16.2 + 675 170€ 13.4 * i928 569 4.4 + 99 190 1.5 + §4 |. 

_ 0.09 |- 739 43 0.34 | -1782 546 4.3 - €71 6 0.05 -1400 5 0.04 -1529 147 pe = 325 9 0.07 - 127 1 
0.97 (192) 93 0.47 (87) 82 0.42 (72) 105 0.54 (95) 86 0.43 (76) 74 0.38 (76) 75 0.40 (79) | 
1.1 - 83 0.47 - 63 0.35 - 86 0.44 - 66 0.35 - 79 0.40 - 84 0.43 - . 
0.9 - 15 140 0.79 + 53 87 U.44 * 15 74 0.37 - 21 81 0.41 + 5 93 0.48 * af 102 0.54 + 2 | : 
hod + 14 103 0.52 + ié 90 0.48 + 18 95 0.50 0 85 0.42 + 9 97 0.49  @ 94 0.48 * ; . 
1.3 + 85 121 0.62 | + 34 102 0.52 + 30 136 0.69 + 41 81 0.43 + § 119 0.58 + 43 98 0.50 + 19 : 
| + 36 135 0.69 + 48 73 0.39 + 1 115 0.61 + 20 71 6.36 - 5 95 0.48 + 19 67 0.34 - 12 
1.1 + 14 107 0.54 + 20 69 0.35 = 3 86 0.44 - 9 65 0.32 - ll 90 0.44 + 14 71 0.36 - 8 
1.2 + 32 135 0.68 + 48 77 0.37 + 5 98 0.52 + 3 88 0.44 + 3% 104 0.53 + 28 85 0.46 + 6 
0.0 (0.0) 75 0.50 (6”)} 66 0.43 (61) 17 0.11 (16) 63 0.42 (61) 2 0.91 (2) 1% N (2) 
0.0 - 56 0.38 - 0.37 - 15 0.10 - 59 0.39 - 3 0.02 - 4 0.03 - 

N () 25 0.17 | - 42 44 0.29 - 17 5 0.03 - u 42 0.28 - 19 4 0.03 . 2 N 2 
0.0 0.0 170 1.1 + 103 103 C.68 + 2 48 0.32 + 32 91 0.60 + 30 1* - 2 2 N - 2 
0.04 + 6 83 0.55 + 16 51 0.34 - 10 27 0.18 * ¥ 49 0.32 - 12 1 0.01 - 1 1* N - 2 

N 19) 80 0.54 + 13 59 0.39 ' |- 2 26 0.17 + 10 54 0.37 - 7 1* N - 2 1* N ~ 2 

N 0 106 0.71 + 4 83 c.55 + = 30 0.20 + 14 81 0.54 + 20 4 0.03 + 2 1* N - 2 

N 19) 0.0 - 67 5 C.03 - 56 N - 16 35 0.23 - 26 1* - 2 2* N - 2 
0.23 (30) 58 0.47 (58) 37 0.30 (37) 24 0.20 (23) 33 0.27 (34) 12 9.10 (12) 9 0.07 (9) 
0.25 - 57 0.46 ~ 38 0.31 - 21 0.17 35 0.29 ~ 13 0.11 - 9 0.07 o 

N - 3O 5 0.04 - 55 4* N - 37 2 0.02 - 2) 10* N - 34 2 0.02 - 10 1 0.01 = 8 
2.8 + 221 127 1.0 + 69 10? 0.82 + 65 68 0.55 + 45 77 0.62 + 43 28 0.23 + 16 31 0.25 + & 
2.7 + 305 7é 0.62 | + 18 78 0.63 + 4) 47 0.38 + 24 72 0.59 + 38 48 0.39 + 36 54 0.43 + 45 
0.15 - 10 68 0.55 + 10 37 0.30 0 21 0.17 ~ 2 3é 0.30 + 2 l 0.01 - ll 2 0.02 - 7 
0.29 + 5 16 0.13 - 42 33 0.27 - 4 12 0.10 - ll 21 0.17 - 13 16 0.13 + 4 10 0.08 + L 
0.0 - 2 4.02 | - 56 2 0.02 - 35 0 0 - 23 0 0.0 - 34 a - 12 1 0.01 - 8 
0.80 (86) 203 1.7 (187) 9 ° (175) 43 0.36 (43) 196 1.6 (195) 27 0.23 (27) 1} 0.09 (10) 
0.59 a 171 1.4 - 160 1.3 - 44 0.37 - 194 1.6 - 28 0.23 - 9 0.08 - 

1.8 * 133 SCE 3.0 + 175 353 3.0 + 178 141 1.2 + 98 440 By + 245 100 0.84 + 73 73 0.61 + 63 

1.2 + 58 292 2.5 + 105 283 2.4 + 108 100 0.84 + 57 338 2.8 + 143 42 0.40 > & 2 0.23 + @& 
1.4 + 66 352 3.8 + 145 220 1.9 + 45 127 1.1 + B4 349 2.9 + 154 81 0.68 + 54 41 0.34 + 3 
1.0 ¢ 37 313 2.6 + 126 349 2.9 + 174 83 0.69 + 55 526 2.7 + 133 47 0.40 + 20 23 0.19 + 13 

2.3 + 19) 343 2.9 e 156 378 3.2 + 203 146 ; + 103 395 5.3 + 2 104 0.87 + 77 114 0.95 + 104 

1.0 + 38 309 2.6 + 333 279 2.3 + 104 83 0.70 + 40 269 2.3 + 74 61 0.51 + 34 70 0.59 + 60 
+ Corrosion sccelereted. * Indicates thet the final weight of the disk was more than 


- Corrosion retarded. 
) Figures in parentheses give the average weight change in > 
disks of the same metal coupled together. 


the initial weight. Inspection of these disks showed that 
the corrosion was negligible. 
N Weight change, negligible. 
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State College, Pa. 


0.3 


12.0 


0.1 
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PLATE V 
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149 g9- Tin 12.4 g. 
12.89. Zinc 11.9 g. 
19.1 g. 


Iron at La Jolla, Calif. 
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coupled with the metals indicated by 
the chemical symbols. For example, 
the group marked aluminum shows the 
percentage losses in weight of the alumi- 
num disks when coupled with copper, 
iron, lead, nickel, tin, and zinc, respec- 
tively. 

The solid line through a group shows 
the average weight loss of the two 
disks of the same metal coupled to- 
gether as a blank and represents the 
normal corrosion of the metal in this 
form of specimen. Dotted lines are 
used to show the loss of weight for the 
individual disks in the blanks. Where 
the difference is less than 0.1 per cent 
the dotted lines have been omitted. 
The double cross-hatching is used to 
indicate cases where the corrosion was 
greater than the weight loss of the high- 
est blank and represents accelerated 
corrosion of the metal concerned by the 
other metal in the couple. Similarly, 


retarded corrosion is indicated by the 


columns which fall below the lowest 
blank. 


Discussion: 


The committee feels that it is inad- 
visable to make any generalized state- 
ments regarding the behavior of the 
couples. Such generalizations would, 
of necessity, require the adoption of 
some arbitrary standard of corrosion 
which probably would not apply equally 
to all the metals under their various 
conditions of use. It is felt that the 
cases where acceleration or protection 
is definite are obvious from a careful 
study of the data in the tables and 
charts. It is thus possible in such cases 
for an individual to interpret the data 
for his particular needs. For this rea- 
son, it has been decided to discuss indi- 
Vidually only those couples whose be- 
havior seems to be unusual. Before 
doing this, however, it may be well to 


discuss the limitations of the tests and 
some of the precautions to be observed 
in interpreting the data. 

The first important limitation to be 
considered is that caused by spreading 
of the couple during the test due to the 
formation of bulky corrosion products 
on the inner faces. This means that 
couple action is frequently modified by 
atmospheric corrosion, the effect being 
particularly marked in the severe loca- 
tions such as La Jolla. A second com- 
plicating factor which depends in a large 
measure on the condition just described 
is that of contact resistance between the 
two members of the couples. In some 
cases resistances became high enough to 
limit couple action soon after the start 
of the test and the number of cases 
where couple action was limited in this 
way probably increased as the tests 
progressed. Another unforeseen vari- 
able is that caused by imperfect adhesion 
of the paints used to protect the outer 
surfaces of the disk. Where adhesion 
was poor, atmospheric corrosion took 
place on the outer surface of the disks, 
thus complicating the evaluations of the 
extent of couple action. 

It is felt that the data in Table VI 
(Plate IV) adequately summarizes the 
results of the tests. The data in this 
table represent the percentage weight 
loss of each disk when coupled with 
itself and when coupled with each of 
the other metals. In view of the re- 
stricted conditions of the test the rates 
of corrosion of the disks should not be 
used to calculate their life expectancies. 
The figures are of a relative nature and 
serve their best use when they are com- 
pared with other figures in the table. 
A comparison of the percentage weight 
loss of a disk when coupled with itself 
and when coupled with another metal 
will indicate the extent of the protection 
or acceleration due to the couple action. 
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Thus, at La Jolla, aluminum coupled 
with aluminum lost 2.3 per cent of its 
weight after 7 yr., whereas aluminum 
coupled with copper lost 16.6 per cent. 
This is a definite indication of couple 


action. Also, the copper disk coupled 
with aluminum was definitely protected 
by the couple action since by itself it 
lost 2.4 per cent, whereas when coupled 
with aluminum it lost only 0.2 per cent. 
In evaluating the extent and signifi- 
cance of couple action, it is important 
to consider the effect on both disks con- 
stituting the couple. When one disk 
is protected at the expense of its mate, 
couple action is undoubtedly significant. 
Where both members of the couple 
are either protected or accelerated, it 
may be suspected that couple action has 
been influenced by other factors. 

In many cases, the effect of couple 
action is not as apparent as in the ex- 
ample given above, and it may be diffi- 
cult to decide whether to attach any 
significance to the figures. In such 
cases it is helpful to study the figures 
for the 1 and 3-yr. periods together 
with the 7-yr. period, and to observe 
also the behavior of these couples at 
other locations, particularly where the 
atmospheric conditions are similar. 
This study of the corrosion trend for the 
three periods will also help to detect the 
inconsistencies in the data due to experi- 
mental errors or to the unforeseen 
changes in conditions which were con- 
sidered earlier in this discussion. 

In a number of cases, the behavior of 
the couples is inconsistent with the 
assumption that the electromotive series 
predicts their behavior. This assump- 
tion is not completely justified since it 
overlooks the effect of film formation 
and of environment on the magnitude 
and direction of galvanic action. Fur- 
thermore, it is important to recognize 
that this series is based upon certain 


prescribed test conditions which are 
far from the conditions to be expected 
in most atmospheres. For this reasona 
service behavior not in accord with a 
prediction based upon the electromotive 
series may frequently be expected. In 
fact, the data of this report furnish a 
number of illustrations of the fallacy of 
too literally applying the electromotive 
series. The more obvious cases of un- 
usual behavior are discussed below. 
Aluminum-Zinc.—It will be noticed 
that zinc which according to the electro- 
motive series is cathodic to aluminum 
has protected it at every test location. 
This may be caused by the ennobling 
effect of the characteristic protective 
oxide film which forms on aluminum. 
Aluminum-Copper.—Although copper 
has significantly accelerated the corro- 
sion of aluminum at most of the test 
locations, the attack on the aluminum 
disks coupled to copper at Pittsburgh 
was relatively slight. It is known, how- 
ever, that the potential relations be- 
tween aluminum and copper in sulfate 
solutions differ from those which obtain 
in chloride solutions, and it is entirely 
possible that the Pittsburgh atmosphere 
has favored the formation of a solution 
acting like a sulfate solution. 
Copper-Nickel.—Copper was protected 
by nickel in five of the nine locations. 
At these locations nickel apparently 
behaves as a normally active metal, 
and significantly protects the copper. 
The acceleration of the corrosion of 
copper in this couple at La Jolla can be 
attributed to the possibility that the 
air-formed passive film on nickel is not 
broken down by the marine atmosphere 
at this location and that copper is anodic 
to this passive film. It is also possible 
that the heavy crust of corrosion product 
about the couples at La Jolla helped to 
maintain an environment in which the 
nickel remained passive. 
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Tin-Nickel.—Similar behavior is ob- 
served in the case of tin-nickel at La 
Jolla, where corrosion of tin was defi- 
nitely accelerated by contact with nickel. 
At Pittsburgh, tin is protected by nickel, 
while at the other locations couple 
action is relatively insignificant. The 
explanation of this behavior is probably 
the same as that given in the discussion 
of copper-nickel. 

Copper-Iron, Lead-Iron and Tin-Iron. 
—In the case of these couples at La 
Jolla, there was an apparent protection 
afforded the iron, although this would 
not have been expected from the action 
of the other member of the couple. In 
these cases, the effect is probably not 
significant since the variation in the 
normal corrosion of iron is wide and 
may overshadow the true effect of couple 
action. 

Lead-Zinc.—Corrosion of both mem- 
bers of this couple was accelerated to 
some extent in the marine atmosphere. 
The acceleraton of lead may possibly 
be due to the effect of the corrosion 
products which formed as a result of 
couple action. 

Zinc-Iron.—With the exception of 
lead in the marine atmospheres, zinc 
protects all the metals at all locations. 
However, the acceleration of its corro- 
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sion in contact with iron was less than 
that anticipated from the extent of the 
protection afforded. It will be noticed 
that the zinc-iron couples in general 
remained tight during exposure, whereas 
the iron-iron couples tended to open up, 
permitting corrosion on the inner faces. 
The extent of the reduction in corrosion 
of the iron in contact with the zinc 
must have been influenced by the me- 
chanical protection resulting from the 
tightness of the couples. Similar effects 
undoubtedly occurred in many other 
locations. 

It will be observed that a large num- 
ber of the cases of unusual behavior 
occurred at La Jolla. This is probably 
largely due to the extreme severity of 
the conditions at this location. The 
locations rating next in severity are 
the industrial and the other marine 
locations between which it is not in 
general possible to differentiate. Couple 
action at the rural locations, State 
College and Phoenix is definitely the 
least severe. 


~~ 


Respectfully submitted on behalf of 
the subcommittee, 


aan L. J. GORMAN, 


Chairman. 
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REPORT OF COMMITTEE B-4 
ON 


ELECTRICAL-HEATING, ELECTRICAL-RESISTANCE AND 
ELECTRIC-FURNACE ALLOYS 


Committee B-4 on Electrical-Heat- 
ing, Electrical-Resistance and Electric- 
Furnace Alloys held two meetings during 
the year, in Washington, D. C., on 
October 27 and 28, 1938, and in New 
York City on February 16 and 17, 1939, 
in addition to the meeting held during 
the annual meeting of the Society. 

The committee consists of 45 mem- 
bers, of whom 20 are classified as pro- 
ducers, 18 as consumers, and 7 as general 
interests. 


I. New TENTATIVE STANDARD 


The committee recommends that the 
proposed Tentative Methods of Testing 
Nickel and Nickel-Alloy Wire and Rib- 
bon for Electronic Tube Filaments be 
accepted for publication as tentative, as 
appended hereto.! 


II. oF TENTATIVE STANDARD 


The committee recommends that the 
Tentative Method of Test for Flexivity 
of Thermoflex (Thermostatic Metals) 
(B 106 - 37 T)* be revised as appended 
hereto! and continued as tentative. 


III. REVISION OF STANDARDS 


The committee recommends for im- 
mediate adoption, revisions in four 
standards, as indicated below, and 
accordingly asks for the necessary nine- 


1 These methods were accepted as tentative by the 
Society and appear in the 1939 Book of A.S.T.M. Stand- 
ards, Part I. 

2 Proceedings, Am. Soc. Testing Mats., Vol. 37, Part I, 

p. me (1987); also 1938 Book of A.S.T.M. Tentative Stand- 
ards, p. 4 


tenths vote at the annual meeting in 
order that these modifications may be 
referred to letter ballot of the Society. 


Standard Method of Test for Change of 
Resistance with Temperature of Metallic 
Materials for Electrical Heating (B 70 - 
30) 3 
Section 1.—Change to read as follows 

by the addition of the italicized words 

and the omission of those in brackets: 


1. This method [covers the determination of| 
of test provides a procedure for determining the 
change of resistance with temperature of metal- 
lic materials for electrical heating, and is applic- 
able [at temperatures up to 500C., or higher) 
over the range of service temperatures. 


Section 2.—Change from its present 
form: namely, 


2. The test specimen shall be prepared ir 
form suitable for measuring the temperaturt 
an electric-resistance furnace. When the r 
sistance measurement is to be made with 4 
Kelvin double bridge or a potentiometer, the 
specimens shall be provided with four leads, 
either integral with or welded to the specimen. 
When a Kelvin double bridge is used, each lead 
shall have a resistance not exceeding one-fourth 
of the resistance of the specimen between the 
points of attachment of the potential leads. In 
any case the leads shall be in pairs and located 
near the ends of the specimen. ‘The distance 
between the points of attachment of a potential 
lead and its corresponding current lead shall be 
less than one-tenth of the length of the specimen 
between the potential leads. The two outside 
leads shall be used for current and the two inside 
ones for potential. When the resistance is 


3 1936 Book of A.S.T.M. Standards, Part I, p. 745. 
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be measured by a Wheatstone bridge, the 
resistance of the leads shall not exceed 1 per cent 
of the resistance of the specimen. 


to read as follows: 


2. The test specimen shall be prepared in a 
form suitable for measuring its resistance in an 
electric furnace. When the resistance is to be 
measured with a Kelvin bridge or a potentiome- 
ter, a current lead shall be welded to each 
end of the specimen in such a manner that there 
will be no change of current distribution in the 
specimen during measurements. Potential 
leads, one at each end, shall be attached by 
welding at a distance from the corresponding 
current lead not less than one-tenth of the length 
of the specimen between the potential leads. 


Section 3.—Change to read as follows 
by the addition of the italicized words 
and the omission of those in brackets: 


3. When the resistance is to be measured with a 
Wheatstone bridge, only the current leads are re- 
quired. The resistance of the leads in this case 
shall not exceed 1 per cent of the resistance of the 
specimen, and the leads shall be made of the 
same [material] type of alloy as (that of] the test 
specimen. [They] For both methods of measure- 
ment, the leads shall have a length within the 
heated zone of the furnace of at least 50 times 
their minimum transverse dimension, in order 
toavoid disturbance of the temperature of the 
specimen by conduction of heat to the colder 
parts of the furnace. 


Section 5.—Add the following as the 
first two sentences of this section: 


A Kelvin bridge or a potentiometer shall be 
used when measuring specimens of less than 
l0-ohm resistance. A Wheatstone bridge may 


be used with specimens of resistance greater 
than 10 ohms. 


Change the present first sentence of 
this section to read as follows by the 
addition of the italicized words: 


The resistance of the specimen shall be meas- 
ured with an accuracy of 0.1 per cent. 


landard Accelerated Life Test for Metal- 
"“ Materials for Electrical Heating 
B76 38):4 


_ 1938 Supplement to Book of A.S.T.M. Standards, 


The changes given below are proposed 
in order to provide a method for de- 
termining the increase in length of the 
test specimen during the life test, or the 
change in length between room tempera- 
ture and operating temperature. 


Section 3.—Add a new Paragraph (i) 
to this section to read as follows: 


(i) Apparatus for Measuring Length Changes. 
—Any form of optical apparatus such as a 
traveling microscope, an optical projection 
system, a projection microscope, or a contact 
microscope may be used for determining changes 
in length of the test specimen. A type of 
apparatus that has been found satisfactory con- 
sists of a telescope with a horizontal cross hair 
and leveling bubble. The apparatus may be 
mounted on a frame so that it can be readily 
moved from one position to another for examin- 
ing specimens in the life test. The telescope 
mount should be adjustable in the vertical plane 
on guides by means of a threaded member. A 
movement of 2.5 in. is desirable. A piece of 
cross-section paper, 4 in. in length by 3 in. in 
width, calibrated 20 lines to the inch, should be 
mounted on the test panel so that the lower edge 
is below a horizontal line drawn across the top 
of the lowest possible position of the weight 
attached to the lower end of the wire under test. 
A satisfactory arrangement is shown in Fig. 5 
(the accompanying Fig. 1). A steel scale 18 
in. in length, calibrated to 0.01 in. may be used 
for length measurements. 


Section 8.—Add a new Paragraph (m) 
to this section to read as follows: 


(n) Length Changes of Specimen.—Changes 
in length of the test specimen may be determined 
with an accuracy of 0.5 per cent by the following 
procedure: First measure with a steel scale the 
length between the point at which the specimen 
wire leaves the upper binding post and the top 
of the weight attached to the lower end of the 
specimen wire. This measurement should be 
accurate to plus or minus 0.01 in. Adjust the 
telescope in the vertical plane until the cross hair 
is directly lined up with the top of the weight 
attached to the wire. Make a reading on the 
cross-section paper attached to the panel at the 
point where the cross hair intercepts the wire, 
after the first period adjustment (see Paragraph 
(h)). Estimate the readings on the cross-section 
paper to the nearest 0.01 in. Other readings 
through the telescope may be taken in the same 
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manner and noted. Calculate the changes in 
length of the specimen as the difference between 
the first reading made on the cross-section paper 
and the subsequent readings. 


Section 10.—Add a new Paragraph (g) 
to this section to read as follows: 


(g) Length Changes of Specimen.—The 
changes in length of the specimen during the 
course of the life test, when reported, shall be 
given as the percentage change in length per 100 


ry 


NANAAN 
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--Bus Bar 


- Binding Post 


Test Wire 


Cross-Section 
Paper 


Mercury Cup 


Side Elevation 


‘Level Bubble 


Telescope 


cent Chromium, for Electrical Heating 

Elements (B 82 — 

Section 3.—In the table of chemical 
composition requirements change the 
percentage of silicon from ‘0.40 max.” to 
read ‘0.75 to 1.50;” also change the 
maximum percentage of iron from “1.5” 
to read “1.0.” 

Section 9 (a).—Change from its pres- 
ent form: namely, 


Bus Bar 


Cross,Section, 
Paper 


Mercury-- 
Cup 


Front Elevation 


Fic. 1.—Apparatus for Measuring Length Changes During Life Test. 


hr. of elapsed time, starting with the time at 
which the first measurement is made. 


Table I.—In the last column of this 
table, change the heading from ‘““Temper- 
ature after Adjustment, deg. Cent,” to 
read, “Temperature after Adjustment, 
deg. Fahr.” 


Standard Specifications for Drawn or 
Rolled Alloy, 80 per cent Nickel, 20 per 


9. (a) Round Wire.—The resistance per f at 
of round wire shall be calculated from % 
nominal specific resistance and the cross-sectio 
of the material. The limits on resistance pt 
foot shall be as follows: 

No. 30 A. w. g. (0.0100 

in.) and larger +5 per cent 
No. 31 to 40 A. w. g. 

(0.0089 to 0.0031 in.).. . +8 per cent 
No. 40 A. w. g. (0.0031 

in.) and smaller +10 per cent 


5 1936 Book of A.S.T.M. Standards, Part I, p. 726. 
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9. (a2) Round Wire.—The nominal resistance 
per foot of round wire shall be calculated from 
the nominal specific resistance and the cross- 
section of the material. The actual resistance 
per foot shall not vary from the nominal resist- 
ance per foot more than the following amounts: 


to read as follows: 


No. 40 A.w.g. (0.0031 in.) and 
Smaller than No. 40 


+ 5 per cent 


+ 8 per cent 


(b) Strip.—The nominal resistance per foot 
of strip shall be calculated from the nominal > 
specific resistance and the cross-section of the 
material. In order to compensate for error in 
the calculated cross-section on ribbon with 
rounded edges, the calculated values arrived at 
by multiplying the nominal width by nominal 
thickness shall be corrected by multiplying by 
the factor indicated in the following table: 


Ratio of Width 


to Thickness Factor 
15 and under.................. 0.94 


The actual resistance per foot shall not vary from 
the nominal resistance per foot more than the 
following amounts: 


Hot-rolled flats ... c& 8 per cent 
Cold-finished strip.......... + 5 per cent 


Section 10.—Change from its present 
form: namely, 


10. Temperature coefficient of resistance 
shall, after the wire has been slowly cooled from 
in annealing temperature, be measured in 
accordance with the Standard Method of Test 
for Change of Resistance with Temperature of 
Metallic Materials for Electrical Heating 
(A.S.T.M. Designation: B 70) of the American 
society for Testing Materials. The tempera- 

re coefficient of resistance shall be such as will 

ning the resistance within +20 per cent of the 


lowing: 
Resistance, 

Temperature per cent 

77. G6C).............. 
800 F. (427 C.).. 103.7 
1000 F. (539 C.). 104.0 
103.3 
1400 F. (760 C.)............. 103.2 
103.6 
1800 F, (980 104.1 
2000 F. (1094 C.).... 104.8 
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to read as follows, renumbering the re- 
maining sections accordingly: 


10. The temperature coefficient of resistance 


shall be such as will bring the resistance change 
within plus or minus 20 per cent of the change 
indicated in the following table: 


Resistance, 

Temperature per cent 

101.3 
300 C. (572 F.)............. 102.1 
102.8 
103.3 
102.8 


800 C. (1472 F.)............ 102.1 
1000 C. (1832 F.) 103.3 


11. After the material has been slowly cooled 
from an annealing temperature, the tempera- 
ture coefficient of resistance shall be measured in 
accordance with the Standard Method of Test 
for Change of Resistance with Temperature of 
Metallic Materials for Electrical Heating 
(A.S.T.M. Designation: B 70) of the American 
Society for Testing Materials. 


Section 13.—Renumber as Section 14 
and in Paragraph (a) change the diame- 
ter of fiange used in spooling wire of 1 
lb. from “2 in.” to read ‘23 in.” 


Standard Specifications for Drawn or 
Rolled Alloy, 60 per cent Nickel, 15 per 
cent Chromium, and Balance Iron, for 
Electrical Heating Elements (B83 - 
34) 
Section 3.—In the table of chemical 

composition requirements change the 

percentage of silicon from ‘0.40 max.” 

to read ‘0.75 to 1.50.” 

Sections 9 and 13.—Make the same 
changes in these sections as are rec- 

ommended above in Specifications B 82. 


Section 10..-Change from its present 
form which is identical with Section 10 
of Standard B 82 as given above, to 
read as follows: 


10. The temperature coefficient of resistance 
shall be such as will bring the resistance change 
within plus or minus 20 per cent of the change 
indicated in the following table: 


6 1936 Book of A.S.T.M. Standards, Part I, p. 730. _ 
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Resistance, 

Temperature per cent 
110.7 

1400 F. (760 C.)....... 111.9 


_ After the material has been slowly cooled 
from an annealing temperature, the temperature 
coefficient of resistance shall be measured if ac- 
cordance with the Standard Method of Test for 
Change of Resistance with Temperature of Me- 
tallic Materials for Electrical Heating (A.S.T.M. 
Designation: B 70) of the American Society for 
Testing Materials. 


TABLE I. 
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CONTINUED 
REVISION 


V. STANDARDS 


The committee has reviewed the fol- 


lowing standards under its jurisdiction, 


one of which has been standing six years 
without revision, and has made certain 
improvements and changes of an edi- 
torial nature: 


Standard Methods of: 
Test for Resistivity of Metallic Materials 
(B 63 - 36), 
Test for Thermoelectric Power of Electrical- 
Resistance Alloys (B 77 — 33), and 


ANALYSIS OF LETTER BALLOT VOTE. 


; : Ballots 
Items Affirmative Negative |Marked “Not 
Voting” 
I. New TentTATIVE STANDARD 

Methods of Testing Nickel and Nickel-Alloy Wire and Ribbon for Elec- 

II. Revision or TENTATIVE STANDARD 
Test for Flexivity of Thermoflex (Thermostatic Metals) (B 106 - 37 T)... 31 0 1 
ILI. Revision or STANDARDS 

Test for Change of Resistance with Temperature of Metallic Materials for 

Electrical Heating (B 70 - 30), immediate adoption.................... 35 0 7 
Accelerated Life Test for Metallic Materials for Electrical Heating (B 76 - 

Specifications for Drawn or Rolled Alloy, 80 per cent Nickel, 20 per cent 

Chromium, for Electrical Heating Elements (B 82 - 34), immediate 

Specifications for Drawn or Rolled Alloy, 60 per cent Nickel, 15 per cent 

Chromium, and Balance Iron, for Electrical Heating Elements (B 83 - 

IV. ApopTion or TENTATIVE STANDARDS AS STANDARD 

Test for Temperature-Resistance Constants of Sheet Materials for Shunts 

Test for Linear Expansion of Metals (B 95 - 35 T), as revised Dre cat icane 32 0 1 


IV. ApopTion OF TENTATIVE 
STANDARDS AS STANDARD 


The committee recommends that the 
following two tentative methods, with 
revisions in one, be approved for refer- 
ence to letter ballot of the Society for 
adoption as standard: = | 


Tentative Methods of: 


Test for Temperature-Resistance Constants 
of Sheet Materials for Shunts and Precision 
Resistors (B 114 - 38 T),? 

_ Test for Linear Expansion of Metals (B 95 - 
35 T),® revised as appended hereto.! 


7 Proceedings, Am. Soc. Testing Mats., Vol. 38, Part I, 
p. 724 (1938); also 1938 Book of A.S.T.M. Tentative Stand- 
ards, p. 454. 
8 Proceedin 
p. 755 (1935); a 
ards, p. 443. 


s, Am. Soc. Testing Mats., Vol. 35, Part I, 
1938 Book of A.S.T.M. Tentative Stand- 


Test for Temperature-Resistance Constants 
of Alloy Wires for Precision Resistors 

(B 84 — 36). 
The recommendations appearing in 
this report have been submitted to letter 
ballot of the committee which consists 0 


_ 45 members; 42 members returned their 


ballots, the results being shown in 


Table I. 
ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I on Life Tests (J. W 
Harsch, chairman).—An addition has 
been made to the Accelerated Life Tes! 
(B 76 — 38), as mentioned earlier in ths 
report, to provide a method of determi 
ing the increase in length of the te 
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specimen during the life test, or the 
change in length between room tempera- 
ture and operating temperature. 

The effect of the humidity of the 
atmosphere upon the life of electric 
heater wires is being investigated. This 
apparently is a factor in the seasonal 
variation which has been noted in the 
life test results. A study is also being 
made of the effect of ceramics and 
cements upon the life of heating element 
materials in contact with them. 

Subcommittee II on Electrical Tests 
(P.H. Dike, chairman).—The four stand- 
ard methods and one tentative method 
under the jurisdiction of this subcom- 
mittee have been reviewed and a number 
of editorial changes have been made, 
with some minor changes of substance in 
the Test for Change of Resistance with 
Temperature (B 70 — 30). 

The question of undertaking the 
preparation of methods of test for some 
types of electrical contact materials is 
under consideration. 

Subcommittee IV on Mechanical Tests 
(P. H. Brace, chairman).—A study of 
the Tentative Method for Bend Testing 
of Wire (B 113-38 T), in connection 
with other bend test methods described 
in the 1936 report® of the committee, is 
being made to determine whether con- 
stant proportionality factors can be 
developed. Specimens of nine different 
tempers of nickel-chromium, nickel, 
iron, copper, and monel metal have been 
tested and the data are being analyzed. 
Tension tests also have been made. It 
's planned to extend the bend test to 
include strip as well as wire. 

The resilience test for strip (de- 
‘mined by the amount of spring back 
when flexed) is being investigated. 

Subcommittee V on Wrought and Cast 

llloys for High-Temperature Use (C. L. 
Clark, chairman).—Bend tests on cast 


. rreceedings, Am. Soc. Testing Mats., Vol. 36, Part I, 


(1936) 
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bars for electric-furnace structures have 
been made at 1800 F. with the bend test 
equipment built by the Union a 
and Carbon Research Laboratories in 
cooperation with this subcommittee, and 
the data are being studied together with 
the shape of the specimen and the 
method of loading. 

Several shapes and sizes of specimens 
have been investigated to provide a 
warpage test to determine the tendency 
of materials to warp when subjected to 
wide variations in temperature. It is 
very difficult to prepare a test procedure 
that will indicate the relative tendency 
of various materials to warp under 
service conditions. 

Subcommittee VI on Specifications (J. 
W. Harsch, chairman).—As indicated 
earlier in this report, the Standard 
Specifications for Alloys for Electrical 
Heating Elements (B 82 — 34 and B 83 - 
34) have been brought up to date in 
accordance with present practice. 

Subcommittee VII on Thermostatic 
Metals (P. H. Brace, chairman).—The 
Tentative Method of Test for Flexivity 
of Thermoflex (Thermostatic Metals) 
(B 106 — 37 T) has been revised in minor 
details and is continued as tentative. 
Work is being continued on the devel- 
opment of a method for determining 
the effective modulus and permissible 
operating stresses of thermostatic metals. 
A study has been made of the effect of 
shearing in distorting the edges of ther- 
mostatic metals, means for removing 
such distortion, and the beneficial effect 
of such removal. 

Subcommittee VIII on Metallic Ma- 
terials for Radio Tubes and Incandescent 
Lamps (A. L. Chapman, chairman).— 
A proposed Method of Testing Nickel 
and Nickel-Alloy Ribbon and Wire for 
Electronic Filaments has been prepared 
and is being submitted for publication 
as tentative. It is expected that the 
Proposed Method of Testing Cathode 
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Sleeves and Cathode Tubing, which was 
published as information with the report 
of the committee last year,’ will be 
submitted shortly for publication as 
tentative. 

Samples of good tungsten wire and of 
brittle wire are being distributed to 
several laboratories for test to de- 
velop the best method of determining 
brittleness. 

Other subjects under consideration by 
this subcommittee include a method of 
determining the thickness of nickel 
plating on steel strip, a test for temper 
of nickel-plated steel strip, and a test 
for copper-coated sealing-in wire for 
lamps and radio tubes. 

Subcommittee IX on Effect of Furnace 
Atmospheres on Furnace Resistors (P. H. 
Brace, chairman).—Previous work of 
the subcommittee indicated that the 
nodular type of resistor failure was 
connected with the presence of sulfur. 
A standard atmosphere was used for 
these tests. Another type of attack 
occasionally was encountered in the field 
wherein deterioration tended to occur 


10 Proceedings, Am. Soc. Testing Mats., Vol. 38, Part I, 
p. 220 (1938). 


throughout the cross-section of the 
material and was believed due to certain 
critical atmospheres. 

During the past year, it has been 
found that cyclic variations of furnace 
atmosphere may be more destructive 
than any one composition within the 
range of variation. This phenomenon 
has been studied by three laboratories 
during the year. The results indicate 


that the mechanism of deterioration of 
resistors in controlled atmospheres is 
even more complicated than had been 
realized, and that further work is neces- 
sary before a standard method of test 
can be decided upon. 


This report has been submitted to 
letter ballot of the committee which 
consists of 45 members; 42 members 
have returned their ballots, of whom 40 
have voted affirmatively and 0 nega- 
tively. 


Respectfully submitted on behalf of 
the committee, 
DEAN HARVEY, 
Chairman. 
F. E. 
Secretary. 
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REPORT OF COMMITTEE 


ON 
COPPER AND COPPER ALLOYS, CAST AND WROUGHT 


Committee B-5 on Copper and Copper 
Alloys held two meetings during the 
year: in Atlantic City, N. J., on June 30, 
1938, and in Columbus, Ohio, on March 
10, 1939, with an attendance at the two 
meetings of the committee and its sub- 
committees of 41 and 39, respectively. 

At the present time the committee 
consists of 74 members, of whom 69 are 
voting members; 27 are classified as pro- 
ducers, 25 as consumers, and 17 as 
general interest members. 

Subsequent to the 1938 annual meet- 
ing, Committee B-5 presented to the 
Society through Committee E-10 on 
Standards a revision of the Tentative 
Specifications for Copper and Copper- 
Alloy Seamless Condenser Tubes and 
Ferrule Stock (B111-37T) and a 
tentative revision of the Standard Speci- 
fications for Aluminum-Bronze Castings 

B 59 — 38). These recommendations 
were accepted! by Committee E-10 on 
August 25, 1938, and appear in the 1938 
Proceedings? 


I. New TENTATIVE STANDARDS 


_ The committee recommends that the 
iollowing six new tentative standards* 
ve accepted for publication: 


Tentative Specifications for: 


Leaded Brass Sheet and Strip, 
pper-Nickel-Zinc and Copper-Nickel Al- 
loy Sheet and Strip, 


In submitting these recommendations to Committee 
n Standards, Committee B-5 reported the following 
ults of the letter ballot vote of a total of 44 ballots 
med from a committee membership of 70: B 111 - 38 T, 
umative 32, negative 0, ballots marked “not voting”’ 
B59 ~ 38, affirmative 28, negative 0, ballots marked 
voting” 15, 
_ Proceedings, Am. Soc. Testing Mats., Vol. 38, Part I, 
102, 1319 (1938); also 1938 Book of A.S.T.M. Tentative 
‘landards, pp. 379, 1685. 
oe, SPecifications and the classification were ac- 
*ited as tentative by the Society and appear in the 1939 
“ak of A.S.T.M. Standards, Part I. 


> 


Beryllium-Copper Alloy Bars, Rods, Sheet, 
Strip, and Wire, 

Copper-Base Alloy Forging Rods, Bars, and 
Shapes to replace immediately the Stand- ; 
ard Specifications for Brass Forging Rod 
(B 15 — 18), 

Leaded-Nickel-Brass and Leaded-Nickel-— 
Bronze (Nickel-Silver) Alloys in Ingot Form | 
for Sand Castings, and 

Tentative Classification of Cast Copper-Base 

Alloys. 


II. REVISIONS OF TENTATIVE STANDARDS | 


The committee recommends revisions 
of the following two tentative specifica- 


tions, as given in detail below: _ 


Tentative Specifications for Sheet and 
Strip Phosphor Bronze (B 103 — 36 T) + 
Section 2 (a).—Change from its pres- 

ent form to read as follows: 


2. (a) The phosphor bronze shall be made 
from materials conforming to the requirements | 
of the following specifications of the American 
Society for Testing Materials: 


Copper.—Standard Specifications for Lake 
Copper Wire Bars, Cakes, Slabs, Billets, In- 
gots, and Ingot Bars (A.S.T.M. Designation: — 
B 4), or Standard Specifications for Electro- 
lytic Copper Wire Bars, Cakes, Slabs, mens 
Ingots, and Ingot Bars (A.S.T.M. Designation: 
B 5). 

Phosphor Copper.—Tentative Specifications 
for Phosphor Copper (A.S.T.M. Designation: 
B 52). 

Phosphor Tin.—Tentative Specifications for 
Phosphor Tin (A.S.T.M. Designation: B 51). 

Pig Lead (Common Lead).—Standard Specifi- 
cations for Pig Lead (A.S.T.M. Designation: 
B 29). 

Tin.—Equal to “Banca” or “Straits.” 

Clean, new scrap resulting from manu- 
facturing operations upon material complying 
with these specifications or composed of material 
of equal purity may be used. 

‘Proceedings, Am. Soc. Testing Mats., Vol. 36, Part 


I, p. 734 (1936); also 1938 Book of A.S.T.M. Tentative 
Standards, p. 372. 
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Section 3.—In the table of chemical 
composition add the following require- 
ments for grade B phosphor bronze: 


Grave B 


remainder 
4.00 to 5.50 
0.03 to 0.25 


Phosphorus, per cent........... 


2.50 to 4.00 
Copper plus tin plus lead plus 

phosphorus, min., per cent .... 99.50 


Table I,—Change the title of the table 
to include grade “‘B” phosphor bronze 


TABLE I.—TOLERANCES IN WIDTH, PLUS 
AND MINUS, IN. 


METAL 
Gage, in. 
| Over 
Width, in. 0.004 to | 9639 to 
| 
| incl. 
| 0.005 0.010 
| 0.008 0.013 
| 0.013 0.018 
SQUARE SHEARED 
Gage, in 
Width, in. Up 
| 
incl. 


heet, and change the title of the first 
section of the table from ‘‘Grade A Phos- 
phor Bronze Sheet” to read “Grades A 
and B Phosphor Bronze Sheet.” 

Section 12.—Change the permissible 
variations in dimensions from their 
present form to read as follows: 


12. Width.—The width of phosphor bronze 
sheet and strip shall be within the permis- 
sible variations prescribed in Table III (the 
accompanying Table I). All permissible varia- 
tions in width are plus and minus. When 
permissible variations in width are specified 
all plus or all minus, the variations shown in 
Table III shall be doubled. 
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Table I1.—¥Expand this table to in. 
clude the following permissible varia- 
tions in thickness for material over 20 in, 
in width: 

TOLERANCES IN THICKNESS, PLUS AND 


INU N. 
a3 | 
58/58/58) 
Over 0.020 to 0.025.... 0.0030 0.0034 0.0039 0.0043 .. 
Over 0.025 to 0.050... . 0.0039 0.0046 0.0055 0.0063,0.0071 
Over 0.050 to 0.100... . 0.0050 0.0064 0.0080 0.010 (0.011 
Over 0.100 to 0.200.... |0.0069 0.0094 0.012 \0.015 \0.019 
Over 0.200 to 0.500.... 0.0096 0.013 0.017 (0.021 |0.026 
Over 0.500 to 1.00..... 0.015 |0.020 0.026 0.034 0.043 
58 0.069 


Over 1.00 to 2.00...... 0.028 (0.036 0.046 0.0 


Tentative Specifications for Copper and 
Copper-Alloy Seamless Condenser 
Tubes and Ferrule Stock (B Ill- 
38 
Section 4.—Change footnote b refer- 

ring to Muntz metal, admiralty, and 

aluminum brass to read as follows by the 
addition of the italicized words and the 
omission of those in brackets: 


‘If agreed upon between the manufacturer 
and the purchaser, these alloys may contain a 
maximum of [0.25] 0./5 per cent antimony, 
[or maximum of] 0.10 per cent arsenic, or 
0.20 per cent phosphorus. 


III. REVISIONS OF STANDARDS 


The committee recommends for imme- 
diate adoption, the following revision of 
the Standard Specifications for Copper 
Water Tube (B 88 — 33; A.S.A. H 23.1- 
1934),° and accordingly asks for the 
necessary nine-tenths vote at the annual 
meeting in order that this modification 
may be referred to letter ballot of the 
Society: . 

Section 7.—Change Paragraphs (0) 
and (b), and Table I from their present 
form: namely, 


5 Proceedings, Am. Soc. Testing Mats., Vol. 38, Part I, 
p. 702 (1938); also 1938 Book of A.S.T.M. Tentative 
Standards, p. 379. uh 

61936 Book of A.S.T.M. Standards, Part I, pp- 
563, 565. 
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7. (2) Specimens of full cross-section and 


in- 
ria- suitable length shall show the requirements as 
‘ to tensile properties shown in Table I. 
‘In. (b) A microscopic examination of specimens 
from tubes selected for purpose of tests shall 
| show complete recrystallization with uniform 
grain sizes as shown in Table I. 
TABLE I.—TENSILE STRENGTH AND GRAIN 
SIZE REQUIREMENTS. 
Nominal Temper 
Light Hard 
Annealed Temper*® Drawn 
Tensile strength, psi. 
2 30 000 32 009 48 000 
40000... 
Elongation i in 4 in. 
0.0071 min., per cent . 
0.011 Mean grain size, 
Mmm... '0.025t00.075 
0.026 ~ 6 This temper may be obtained either by a light — 
0.043 or light annea 
0.069 
. to read as follows: 
and 

7. (a) Specimens of suitable length shall 
vowed show the requirements as to tensile properties 
[11 - shown in Table I (the accompanying Table 

TABLE II.—TENSILE STRENGTH AND GRAIN 
refer- SIZE REQUIREMENTS 

L ight 
and Temper, 
vy the Annealed, %to Drawn 
All 14% in., Temper, 
d the Sizes incl. All Sizes 
Elongation in 4 in. min., 
ucturer per cent... 25 
imony, 
nic, oF ID 
), and shall be tested in accordance with the 
standard Methods of Tension Testing of Metal- 
. ic Materials (A.S.T.M. Designation: E 8) of the 
American Society for Testing Materials. 
imme- ()) The test specimen for the microscopic 
ion of examination shall be a radial longitudinal section 
: of the tube made by cutting along a plane con- 
a1 taining the longitudinal axis of the tube. 
yr the Sections 8 to 11.—Omit these sections 
annual § 2d add a new Section 8 to read as fol- 
ication lows, renumbering the subsequent sec- 
of the tons accordingly: 

( ’. The annealed material shall be capable of 
hs (¢) ing expanded on a hardened and ground, 
present tered steel pin having an included angle of 

 deg., to the following amount: 

Nominal Size, Expansion of 
38, Part I, wide lc Diameter, Outside Diameter, 
Tentative per cent 


On AND CopPER ALLOYS 


The committee recommends that the 
revisions proposed in the following two 
standard specifications be accepted for 
publication as tentative: 


Standard Specifications for Manganese- 
Bronze Ingots for Sand Castings 
(B 7 - 27): 


Section 1.—Change to read as follows 
by the addition of the italicized words 
and the omission of the word in brackets: 


1. These specifications cover [the] two 
copper-zinc alloys, grades A and B, known 
commercially as manganese bronze. Grade B 


is known as high-strength manganese snica 
Section 3.—Designate the present 
chemical composition requirements as. 


covering grade A, and add the following 
requirements for grade B: 


Grade B 
Maximum Minimum 
Copper, per cent 65.00 56.00 


Zinc, per cent. remainder remainder 
Tin, per cent 1.00 ees 
Manganese, per cent 6.00 2.00 
Aluminum, per cent .. . 7.00 2.00 
Iron, per cent 5.00 2.00 
Lead, percent........ 

Nickel, per cent. . . 3.00. 


Section 4.—Designate the present re- 
quirements for tensile properties as 
covering grade A, and add the following 
minimum requirements for grade B: 


Grave B 
Tensile strength, min., psi........... 105 000 
Elongation in 2 in., min., per cent... . 12 


Standard Specifications for Manganese- 
Bronze Sand Castings (B 54 — 27):® 


Sections 1 and 3.—Make the same 
changes in these sections as are recom- 
mended above in Specifications B 7. 

Section 4.—Designate the present re- 
quirements for tensile properties as cov- 
ering grade A, and add the following 
minimum requirements for grade B: 


— 


Grave B 
Tensile strength, min., psi........... 
Elongation in 2 in., min. per cent 
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_ IV. ApopTion or TENTATIVE STANDARDS _ be reverted to tentative and revised:! 


AS STANDARD 


The committee recommends that the 
following three tentative specifications be 
approved for reference to letter ballot of 
the Society for adoption as standard: 


Tentative Specifications for: 
Sheet Copper-Silicon Alloy (B 97-36 T),’ 


Copper-Silicon Alloy Rods, Bars, and 
Shapes (B 98 — 36 T),? and 
Copper-Silicon Alloy Wire for General 


Purposes (B 99 — 37 T).® 


V. ADOPTION AS STANDARD OF 
TENTATIVE REVISIONS OF 
STANDARDS 


The committee recommends that the 
tentative revisions’ published in 1936 of 
the Standard Specifications for Manga- 
nese-Bronze Ingots for Sand Castings 
(B 7 27),!° and for Manganese-Bronze 
Sand Castings (B 54 - 27)! be approved 
for reference to letter ballot of the So- 
ciety for incorporation in the standard 
specifications. 

It is also recommended that the tenta- 


_ tive revision® accepted in August, 1938, 


of the Standard Specifications for Alumi- 
num-Bronze Castings (B 59 — 38)" be 
approved for reference to letter ballot of 
the Society for incorporation in the 
standard specifications; the committee 
accordingly asks for the necessary nine- 
tenths vote at the annual meeting in 
order that this revision may be adopted. 


VI. REVERSION OF STANDARDS TO 
TENTATIVE 


The committee recommends that the 


é following three standard specifications’ 


7Proceedings, Am. Soc. Testing Mats., Vol. 36, Part I, 
pp. 751, 747 (1936); also 1938 Book of A.S.T.M. Tentative 
Standards, pp. 391, 387. 

8Proceedings, Am. Soc Testing Mats., Vol. 37, Part I, 

. 689 (1937); also 1938 Book of A.S.T.M. Tentative 
tandards, p. 396. 

*Proceedings, Am. Soc. Testing Mats., Vol. 38, Part I, 
pp. 1320, 1319 (1938); also 1938 Book of A.S.T.M. Tentative 
Standards, p. 1686, 1685. 

101936 Book of A.S.T.M. Standards, Part I, pp. 563, 


565. 

111938 Supplement to Book of A.S.T.M. Standards, 
p. 84. 

121936 Book of A.S.T.M. Standards, Part I, pp. 597, 


Standard Specifications for: 


Copper Pipe, Standard Sizes (B 42 - 33), 

Seamless Copper Tubing, Bright Annealed 
(B 68 — 33), and 

Brass Pipe, Standard Sizes (B 43 — 33), 


VII. WITHDRAWAL OF STANDARD 


The committee recommends the with- 
drawal of the Standard Specifications for 
Brass Forging Rod (B 15-18; A.S.A. 
H 7 — 1925),"* to be replaced by the new 
Tentative Specifications for Copper. 
Base-Alloy Forging Rods, Bars, and 
Shapes.* 

The recommendations appearing in 
this report have been submitted to letter 
ballot of the committee which consists of 
69 voting members, with the results 
shown in Table III. 


ACTIVITIES OF SUBCOMMITTEES 

Subcommittee I on Copper-Zinc Shee 
and Strip (G. H. Harnden, chairman) is 
actively working on the Tentative Spec- 
fications for Brass Sheet and Strip 
(B 36-38 T) and expects to submit a 
revision of these specifications at the 
meeting of the committee to be held 
during this annual meeting. 

A survey instituted by the Ordnance 
Department late last fall to determine 
their need for specifications for cartridge 
brass and cartridge brass disks has not 
as yet been completed. Therefore, n0 
progress can be reported at this time with 
respect to the existing standard specifica 
tions (B 19 — 29 and B 20 -- 29) covering 
these materials. 

New Specifications for Leaded Brass 
Sheet and Strip have been drafted withia 
the past year and are being recom 
mended for publication as tentative. 


18 These specifications, as revised, were d 
tentative by the Society and appear in the 1939 
A.S.T.M. Standards, Part [. is. 

41936 Book of A.S.T.M. Standards, Part I, p- 
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3 Subcommittee II on Copper-Tin Sheet man) has prepared new Specifications 
and Strip (R. J. Wheeler, chairman) has for Copper-Nickel-Zinc and Copper-— 
recommended a revision of the Tentative Nickel Alloy Sheet and Strip which are 

33), Specifications for Sheet and Strip Phos- being recommended for publication as 

~aled phor Bronze (B 103-36T) to include tentative. This subcommittee is also 

| requirements for grade B, a leaded phos- preparing specifications for leaded cop- 
phor bronze, and to include permissible _ per-nickel-zinc alloy sheet and strip. _ 

D 

TABLE III.—ANALYSIS OF LETTER BALLOT VOTE, 
vith: Ballots 
is for Items Affirmative Negative | Marked ‘‘Not 
Voting” 
S.A. 
a I. New TentaTIVE STANDARDS 
Spec. for Leaded Brass Sheet and Strip.....................cccccceeesees 42 0 15 

pper- Spec. for Copper-Nickel and Copper-Nickel- Zinc Alloy Sheet and Strip. . 41 0 16 

Spec. for Beryllium Copper Bars, Rods, Sheet, Strip, and Wire........... 35 1 21 

and Spec. for Copper-Base-Alloy Forging Rods, Bars, and Shapes. 38 0 19 
Spec. for Leaded-Nickel-Brass and Leaded- Nickel-Bronze (Nickel- Silver) 

Alloys i in Ingot Form for Sand Castings........ 42 1 15 

1g in lassitication of Gast Copper-Base Alloys......................0000000- 43 2 12 

letter If. Revisions or TENTATIVE STANDARDS 7 

ists of Sec. for Sheet and Strip Phosphor Bronze (B 103 - 36 T) 38 0 14 

spec. for Copper and Copper-Alloy Seamless Condenser Tubes and Ferrule 
esults Stock (B 111 38 T) 29 18 
Revisions OF STANDARDS 
Water Tube (B 88 - 33; A.S.A. H23.1 —1934), immediate 
ytion 37 0 10 
r Manganese-Bronze Ingots ae Sand Castings (B 7 - 27) 33 0 14 

 Sheel for Manganese-Bronze Sand Castings (B 54 - 27)........... 34 0 13 

1an) is IV. Abortion cr TENTATIVE AS STANDARD 

Speci- for Sheet Copper-Silicon Alloy (B 97 - 36 T). 31 0 16 

Strip for Copper-Silicon Alloy Rods, Bars, and Shapes (B 98 ~ 36 T) 32 0 15 
; for Copper-Silicon Alloy Wire for General Purposes (B 99 — 37 ny 34 0 13 
ymit 4 
at the Y, ADOPTION AS STANDARD OF TENTATIV® REVISIONS OF STANDARDS 
held for Manganese-Bronze Ingots for Sand Castings (B 7 32 0 15 
€ for Manganese-Bronze Sand Castings (B 54 - 27).. ‘ 31 0 16 
for Aluminum-Bronze Castings (B 59 - 31 0 16 
dnance VI. REVERSION OF STANDARDS TO TENTATIVE 

termine Spee ie Copper Pipe, Standard Sizes (B 42 - 33), as revised............ 33 0 14 

irtridge ee for Seamless Annealed (B 68 as re- | 

has not ec. for Brass Pipe, Standard Sizes (B 43 33), as revised.............. 35 0 17 = 

fore, no VII. WirHpRAWAL OF STANDARD 

me with ot Brass Forging Rod (B15 18; A.S.A. H7—1925)................ | 29 0 6 

pecifica- 

covering @ variations in thickness for sheets over Subcommittee IV on Miscellaneous 

in. in width. Copper-Base Sheet and Strip Alloys (L. A. 
od Brass It was decided to continue as tentative © Ward, chairman) has prepared new Spec- 

d withi another year the Tentative Speci- fications for Beryllium-Copper Alloy 

- recom § ‘ations for Rolled Copper-Alloy Bear- Bars, Rods, Sheet, Strip, and Wire which 

tive. igand Expansion Plates for Bridgesand are being presented for publication as 

Uther Structural Uses (B 100-387). tentative. This subcommittee has also 
asin Subcommittee III on Copper-Nickel- recommended the adoption as standard 

1939 Boat I Zinc Sheet and Strip (E. S. Bunn, chair- of the Tentative Specifications for 
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Sheet Copper-Silicon Alloy (B 97 - 36 T). 
It is recommended that the Standard 
Specifications for Copper Plates for 
Locomotive Fire-boxes (B 11 — 33) be 
retained as standard in their present 
form. 

It was originally intended to recom- 
mend for adoption as standard the 
Tentative Specifications for Copper- 
Silicon Alloy Plates and Sheets (B 96 
36T) but several changes in these 
specifications have been proposed by the 
subcommittee. It has been decided to 
present these revisions through Com- 
mittee E-10 on Standards subsequent to 
the annual meeting and to continue the 
revised specifications as tentative.” 

Subcommittee V on Miscellaneous Cop- 
per-Base Wire and Rod Alloys (W. H. 
Bassett, Jr., chairman) had hoped to pre- 
sent modifications of the Standard Speci- 
fications for Naval Brass Rods for Struc- 
tural Purposes (B 21-29) covering 


certain changes in the physical proper- 


ties. ‘The work, however, has not been 
completed, and revision of these speci- 
fications is, therefore, expected to be 
made next year. 

The Standard Specifications for Free- 
Cutting Brass Rod for Use in Screw 
Machines (B 16-29) are satisfactory 
in their present form and no changes 
are contemplated at the present time. 

This subcommittee has recommended 
that the Tentative Specifications for 
Copper-Silicon Alloy Rods, Bars, and 
Shapes (B 98-36 T) and for Copper- 
Silicon Alloy Wire for General Purposes 
(B 99 — 37 T) be adopted as standard. 

The subcommittee is also preparing 
new tentative specifications for copper 
wire and rod, copper-zinc wire and rod, 
copper-nickel-zinc and copper-nickel 
wire and rod, phosphor-bronze wire, 
chromium copper, special beryllium- 
alloy wire, and other heat-treatable 


% See Editorial Note, p. 270. 
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copper-base alloys in the form of wire 
and rod. 

Subcommittee VI on Condenser Tubes 
(G. C. HoLper, chairman) has recom. 
mended minor changes in the Tentative 
Specifications for Copper and Copper. 
Alloy Seamless Condenser Tubes and 
Ferrule Stock (B 111 — 38 T). 

A revision of the Standard Specifica- 
tions for Muntz Metal Condenser Tube 
Plates (B 57-27) to include several 
other alloys used in the manufacture of 
condenser tubes is being prepared by the 
subcommittee. It is anticipated that 
this revision will be presented to the 
committee for consideration at its next 
meeting. 

Subcommittee VII on Copper or Deoxi- 
dized Copper Tubes (O. Z. Klopsch, chair- 
man) recommended that the Stand- 
ard Specification for Copper Bars for 
Locomotive Staybolts (B 12-33) be 
discontinued since this material is no 
longer used in this country. In view of 
the use of this material in export trade, 
however, it was voted to retain the 
specifications in their present form. 


. The subcommittee also recommended 


that the Standard Specifications for 
Seamless Copper Boiler Tubes (B 13- 
33) be discontinued as soon as the alloy 
covered by these specifications is in- 
cluded in other specifications, such 4 
those for Seamless Copper Tubes (B 75- 
30). Recommendations were also made 
to revise two standard specifications 
which will be reverted to tentative, 
namely, the Standard Specifications for 
Copper Pipe, Standard Sizes (B 42 - 33), 
and for Seamless Copper Tubing, Bright 
Annealed (B 68 — 33). Revisions are in 
preparation for the Specifications for 
Seamless Copper Tubes (B 75-30). 
These revisions will probably be pre 
sented to the committee for considers 
tion at its next meeting. Minor revr 
sions are also recommended in the 
Standard Specifications for 
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Water Tube (B 88 - 33; A.S.A. H 23.1 — 
1934). 

Subcommittee VIII on Copper Alloy 
Tubes for General Use (Alan Morris, 
chairman) recommended that the Stand- 
ard Specifications for Brass Boiler Tubes 
(B14-18) be withdrawn since these 
specifications are no longer used. It 
was voted, however, to postpone this 
withdrawal and retain the specifications 
in their present form, since this material 
is still used in export trade. 

Recommendation has been made that 
the Standard Specifications for Brass 
Pipe, Standard Sizes (B 43 — 33) be re- 
written and reissued as tentative. New 
specifications for miscellaneous brass 
tubes are being prepared to include those 
materials now covered by Standard 
Specifications B 14. 

Subcommittee IX on Copper-Base Alloy 
Forgings (L. A. Ward, Chairman) has 
prepared new Tentative Specifications 
for Copper-Base-Alloy Forging Rods, 
Bars, and Shapes to replace the Stand- 
ard Specifications for Brass Forging Rod 
(B15 —- 18; A.S.A. H 7 — 1925), which 
are recommended to be withdrawn. 

Subcommittee X on Copper-Base Alloys 
for Sand Castings (G. H. Clamer, chair- 
man) recommends the following changes 
in various specifications under its juris- 

liction: (1) the adoption as standard of 
the present tentative revisions of the 
‘tandard Specifications for Manganese- 
onze Ingots for Sand Castings 
B7-27), and for Manganese-Bronze 
sand Castings (B 54-27); (2) a tenta- 
live revision of Standard Specifications 
87 and B 54 to include requirements for 
high-strength manganese-bronze alloy; 

J) the continuance as tentative of the 
lentative Specifications for Sand Cast- 
ngs of the Alloy: Copper 80 per cent; 
‘In 10 per cent; Lead 10 per cent 

5i4~32T); (4) a recommendation 

lat new Specifications for Leaded- 
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Nickel-Brass and Leaded-Nickel-Bronze 

(Nickel-Silver) Alloys in Ingot Form. 
for Sand Castings be accepted for pub- 
lication as tentative; and (5) the publi-— 
cation as a tentative standard of the 

Classification of Cast Copper-Base 

Alloys, prepared by Sam Tour. This_ 
classification has been accepted by the 
Non-Ferrous Ingot Metal Institute and 

by the American Foundrymen’s Asso-_ 
ciation. 

The Standard Specifications for Cop- 
per-Base Alloys in Ingot Form for Sand — 
Castings (B 30-36), for Aluminum- 
Bronze Castings (B 59 — 38), for Cast- 
ings of the Alloy: Copper 88 per cent; 
Tin 8 per cent; Zinc 4 per cent 
(B 60 — 36), for Steam or Valve Bronze 
Castings (B 61 — 36), and for Composi- 
tion Brass or Ounce Metal ey al 
(B 62 — 36) were reviewed and found to 
be satisfactory in their present form. 

Subcommittee XI on Methods of Test 
for Copper and Copper Alloys (A. J. 
Phillips, chairman) is considering the 
effect of anvil pressure due to different 
types of micrometers in measuring dif- 
ferent thicknesses of soft metal, such as 
annealed brass strip and sheet as covered 
by the Tentative Specifications for 
Brass Sheet and Strip (B 36-38 T). It 
is cooperating with Committee E-1 on 
Methods of Testing and with various 
manufacturers of micrometers in order 
to obtain data on the correct use of 
micrometers. Based upon these studies, 
recommendations will be made to the 
committee with respect to the measure- 
ment of thin soft sheets. This subcom- 
mittee is also studying the tension test 
to determine whether or not the use of 
full size, unmilled tension test specimens 
will be satisfactory for the materials 
covered by the various specifications 
under the jurisdiction of Committee B-5. 

The subcommittee is also considering 
the determination of the yield point as 
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specified in the various specifications 
under the jurisdiction of this committee. 

Subcommittee XII on Publication of 
General Information (C. S. Cole, chair- 
man), in cooperation with Subcommit- 
tee X, has sponsored a paper on “No- 
menclature and Classification of Cast 
Copper and Copper-Base Alloys,” pre- 
pared by Sam Tour, which appears as an 
Appendix to this report. It has also 
sponsored a paper by E. S. Dixon on 
“Service and Life of Non-Ferrous Tubes 
in Petroleum Refining,” which is being 
presented at this annual meeting.” 

The subcommittee is considering the 
publication of a booklet of A.S.T.M. 
specifications pertaining to copper-base 
alloys. A compilation of the various 
terms and definitions applying to copper 
and the copper-alloy industry is also 
being prepared. 

A special committee, consisting of J. 


-R. Freeman, Jr., and J. W. Bolton, is 


1 ASTM BuLtetin, No. 102, January, 1940, p. 21 


_ REPORT OF COMMITTEE B-5 


considering the effect of temperature on 
the various non-ferrous alloys under the 
jurisdiction of this committee. Specific 
information is being sought on the effect 
of temperature on tensile strength and 
modulus of elasticity with particular 
emphasis on the maximum temperature 
for continuous operation of various mate- 
rials, such as phosphor-bronze springs, 
condenser tubes, nickel-silver springs, 
red brass, aluminum bronze, and copper- 
nickel alloys. 

This report has been submitted to let- 
ter ballot of the committee which con- 
sists of 69 voting members; 47 members 
returned their ballots, of whom 40 have 
voted affirmatively and 0 negatively. 

Respectfully submitted on behalf of 
the committee, 

C. H. GREENALL, 
Chairman, 
C. H. Davis, 


Secretary. 


EpiroriAL NOTE 


Subsequent to the annual meeting Committee B-5 presented to the Society 
through Committee E-10 on Standards the following recommendations: 
Proposed Revision of Tentative Specifications for: 


Copper-Silicon Alloy Plates and Sheets (B 96 
38 T), 


Brass Sheet and Strip (B 36 


36 T), 


Leaded Brass Sheet and Strip (B 121 — 39 T), and 
Leaded-Nickel-Brass and Leaded-Nickel-Bronze (Nickel-Silver) Alloys 


in Ingot Form for Sand Castings (B 123 


39 T). 


These recommendations were accepted by Committee E-10 on August 24, 
- 1939, and the revised tentative specifications appear in the 1939 Book of 


AS.T.M. Standards, Part I. 
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NOME NCLA’ rURE AND CLASSIFICATION OF 
BASE ALLOYS 


By Sam Tour! 


Some thirty years ago, the steel in- 
dustry became very active in the de- 
velopment of alloy steels. Out of the 
multitude of possible combinations of 
the alloying elements with iron there 
grew a need for a standard classification. 

In response to this need, the S.A.E. 
numerical steel classification system was 
developed. The simplicity of the sys- 
tem appealed to everyone. It covered 
the field of alloys in use and permitted 
both producer and user to speak the 
same language. The system proved in- 
valuable to the steel industry and still 
continues to be of value. 

TheS.A.E. system is a listing of chemi- 
cal compositions for particular steels in 
classes. It has certain shortcomings as 
isshown by the recent need of an X desig- 
mation to show differences between the 
two chromium-molybdenum steels 4160 
and X4160. 

Inherently, however, the situation in 
steel was not very bad. Chromium 
steels were called chromium steels, vana- 
dium steels were called vanadium steels, 
and nickel-chromium steels were called 
uch. In short the terminology in most 

ses reflected the composition of the 

‘eels. The exceptions then and the 
‘xceptions now are in the special purpose 


din the tool steels. 


Asi, vice President and Chemical and Metallurgical En- 
ucius Pitkin, Inc., New York City. 
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In view of the early success of the 
S.A.E. system, however, and in view of 
the confused situation in the non-ferrous 


field, there developed a desire for ie 


system of classification and identifica- 
tion of the many non-ferrous alloys. 

A movement in this direction was 
started over twenty years ago. Many 
prominent metallurgists offered schemes. — 
Numerical, alphabetical and combined 
number-letter systems were suggested. 
Much time was spent by many on the 
subject. All agreed that some system 
would be desirable and of great benefit. 
but no suitable system seemed to have 
been thought of. 

A simple numerical system such as in 
the S.A.E. system has been found in- 
adequate to classify fully the one base 
metal iron with five different additive 
elements. How could a simple numeri- 
cal system cover the non-ferrous field 
with over ten different metal bases in 
place of iron and with some twenty 
different additive elements being used 
with them in varying proportions? A 
numerical system of the decimal type 
can be expanded obviously to any extent 
needed but it becomes so extensive as to 
be a pure number code. Something like 
a library index system would be needed 
to decipher the code number to indicate 
what the number might mean. Such a 

system would not help to clarify the 
situation. 
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Other proposals were as indicated, 
combination number and letter systems. 
Letters as initials to designate the metals 
or elements and numbers to indicate 
the amounts present. Such systems be- 
come pure abbreviations of the chemical 
composition of major constituents. Due 
to the names of several metals beginning 
with the same letter of the alphabet, it 
is not possible to use one letter only and 
chemical symbols had to be resorted to. 
With such a system the designation of a 
common leaded red brass alloy would 
look about as follows: 


Cu — 5Sn—5Pb—5Zn 


=: of a zinc-base die-casting alloy it 
would be 


Zn — 4Al — 3Cu — 0.1 Mg. 


In other words, it would mean simply 
writing the abbreviated chemical speci- 
fications. Such systems in themselves 
would not standardize terminology in 
any class of alloys. They would not 
clarify the meaning of such simple words 
as “brass,” “bronze,” “white metal,” 
let alone the host of other names and 
terms that have sprung up and are more 
or less common in the non-ferrous field. 

Admitting the enormity of the job of 
developing some standard classification 
for the non-ferrous alloys does not admit 
the impossibility of the accomplishment. 

At the start any proposed system must 
have some acceptance if any further 
progress is to be made. If the first sys- 


a tem proposed is to cover the entire non- 
ferrous field, the number of different 
schools of thought to be satisfied are 
almost legion. It would, therefore, seem 

; most logical to select a portion of the 


field upon which to start. The obvious 
field to choose was that of the copper- 
base alloys. This entire field, however, 
covers both the wrought and the cast 
alloys and as such involves two rather 
separate and distinct industries. If the 
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attempt were confined to but one of these 
two industries there might be more 
chance of obtaining some agreement and, 
therefore, success. 

The situation with respect to the 
copper alloy field was rather clearly de- 
scribed by the National Bureau of 
Standards in Letter Circular LC 487 of 
January 18, 1937. With permission of 
the Director of that Bureau, the follow. 
ing is quoted from that circular: 


Many inquiries are received by the 
National Bureau of Standards concerning 
the proper use of the names “brass” and 
“bronze” as well as requests for advice con- 
cerning proper compositions for certain 
specific uses. This Letter Circular has been 
prepared as an aid in replying to such in- 
quiries. Brass and bronze have been com- 
panion materials since time immemorial. 
The first bronze was essentially an alloy of 
copper with tin, whereas brass was an alloy 
of copper with zinc, but it was soon found 
that the addition of other metals to the 
simple binary copper-tin alloy often resulted 
in a material with improved properties, such 
as strength and corrosion resistance or more 
pleasing appearance. Consequently, many 
of our nominal copper-tin alloys contain both 
tin and zinc and sometimes other metals. 
In such alloys it is often difficult to determine 
whether the zinc or the tin has a predominal- 
ing effect; the decision cannot be based on the 
numerical percentages of the two since a 
given amount of fin usually has more effec 
than an equal percentage of zinc. With in- 
creasing complexity in the composition of the 
alloys, it becomes increasingly difficult to 
determine whether a given alloy should be 
called a brass or a bronze. In those casés 
where a distinction between brass and bronz 
could be made, there has been no great mis- 
use of the term “brass,” save that in rail- 
road engineering parlance any kind of @ 
bearing is often called a “brass,” referring 
to the bearing rather than to the alloy of 
which it is made. On the other hand, 
misapplications of the term “bronze” are 
frequently encountered. Bronze has long 
been generally accepted as being superior 
in a number of ways to brass and advantage 
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of this fact was taken in applying the term 
“bronze” to newly developed alloys. The 
term “bronze” has been applied to so many 
copper alleys that the simple alloys of copper 
with tin are now often referred to as “tin 
bronze.” 

Some of the commercially important al- 
loys are discussed briefly in the following 
paragraphs: 

Brass. —An alloy consisting essentially of 
copper (50 to 95 per cent) and zinc (50 to 
Sper cent). If the zinc content is greater 
than 30 per cent the alloy is a “high brass” 
ora “yellow brass,” whereas if the zinc con- 
tent is less than 20 per cent the alloy is a 
“lw brass.” Brass containing an inten- 
tional admixture of lead for improving its 
machining characteristics is known as 
“leaded brass” or “lead brass.” Alloys 
that contain more than 50 per cent zinc are 
usually designated as “zinc-base” alloys. 

Brass of the general composition 60 per 
cent copper, 40 per cent zinc is widely known 
as “Muniz metal,” but such names for 
specific compositions are less commonly 
applied to brasses than to bronzes. How- 
ever, some specific terms may be very mis- 
leading. For example, the name “German 
silver” or “nickel silver” refers to the white 
color of the alloys, not to their composition. 
They are alloys of copper, nickel and zinc; 
they do not contain silver. Such composi- 
tions are more properly termed “nickel 
brasses,” although their characteristic prop- 
ttties differ decidedly from those ordinarily 
associated with brass. According to a deci- 
sion of the United States Federal Trade Com- 
mission (Docket 1479, February 6, 1928) 
he words “nickel silver’? should not be used 
o advertise or describe alloys which do not 
sdually contain both of these metals.? 

Examples of the improper application of 
ie term “bronze” are found in the alloys 

‘town as “architectural bronze,” ‘‘manga- 

ne bronze,” and “bronze” screen wire 

oth, Manganese bronze” is basically 

‘copper-zinc alloy with improved mechan- 

al properties and corrosion resistance be- 

ause of the presence of small amounts of 


AUTHOR’s Note.—Under dates of November 15, 1930, 

November 29, 1930, the Federal Trade Commission 
tide an complaints made i in accordance with the above 
tthe dene d by a majority ruling declared that the use 

descriptive term “nickel silver” is legitimate. 


iron, tin, manganese, and aluminum. The 
name “high tensile brass” for such alloys, 
as used recently by the Copper Develop- 
ment Research Association (London), 
is highly commendable. ‘Architectural 
bronze”’ is essentially a simple leaded brass, 
used for decorative purposes. “Bronze” 

screen wire cloth is a simple brass contain- 
ing 90 per cent copper and 10 per cent 
zinc. There is no metallurgical justifica-— 
tion whatsoever for calling such material 
“bronze.” 

An illustration of confusion in nomen- 
clature is encountered in the widely used 
alloy “85 and three 5’s,” 85 per cent copper, | 
5 tin, 5 zinc and 5 lead. This alloy is as’ 
frequently called “valve bronze” as it is” 
“red brass”; it is also known as “ounce 
metal” because the constituents are in the - 
ratio of 1 ounce of each to about 1 pound of | 
copper. ‘This alloy is a “brass” according 
to the specifications of the American Society 
for Testing Materials; it is listed as “red 
brass” in Specifications B 30 — 36 and ‘‘com-— 
position brass” or “ounce metal”’ in Specifi- 
cations B 62-36. On the basis of struc- 
ture, there is good reason for calling this — 
alloy a bronze and it appears in the list of 
bronzes covered by Federal Another 


QQ-B-691 for Casting Bronzes. Another 


alloy on this same list of bronzes, however, 


contains 80 per cent copper, 13 zinc and 4.5 
tin. Numerous other examples of non-— 
uniformity and inconsistency in naming 
alloys of this general type in specifications 
might easily be cited. 

Bronze.—Alloys of copper and tin have 
been known since the dawn of history as 
“bronze.” 
including bell metals, speculum metal, and 
certain special bronze files, the tin content is 
normally well below 20 per cent. 

The use of simple binary alloys of copper 
and tin is quite limited; it is customary to— 
add zinc and often lead to make these alloys, 
particularly in cast form, better fitted for — 
industrial use. Such alloys containing from 


10 to about 30 per cent lead, regardless of — 


any zinc present, are known as “leaded 
bronze” and are widely used in bearings. 
The name “zinc bronze” has been used to 
some extent for copper- tin alloys modified 
by the admixture of zinc but for brevity 


Except for a very few and 7 
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the word “zinc” is often omitted and’ the 
material referred to simply as “bronze.” 
Two widely used alloys in this class are the 
“88-10-2” alloy (88 per cent copper, 10 
tin and 2 zinc) and its modern counterpart, 
the “88-8-4” alloy. 

“‘Phosphor-Bronze”’ .—This name indicates 
that phosphorus was used as a deoxidizer 
during melting. Such a treatment usually 
confers superior properties on the alloy 
although chemical analysis often fails to 
show more than a trace of phosphorus in the 
finished material. 

“Government Bronze’’.—There is a wide- 
spread but erroneous belief that there is a 
definite composition officially accepted by 
the Federal Government as the “best” 
bronze. One of the alloys of longest com- 
mercial use is the ‘88-10-2”’ alloy, contain- 
ing 88 per cent copper, 10 tin, and 2 zinc. 
In the days when cannon were made of 
bronze this was known as “gun bronze,” 
and for many years this alloy appeared as 
“Composition G” in the United States 
Navy Specifications. It also appeared in 
Specifications B 10-18 of the American 
Society for Testing Materials, but these 
specifications are now replaced by B 60 — 36 
for the 88-8-4 alloy, which also appears in 
the list of bronzes for castings covered by 
Federal Specification QQ-A-691. Although 
this composition is, on the whole, a better 
all-around alloy for many purposes than the 
88-10-2, it is not to be designated a ‘‘Govern- 
ment bronze” any more than any of the 
others covered by Federal Specifications. 

In the field of “statuary bronzes” or 
“art bronzes,” there is a similar erroneous 
idea that there is a preferred “government 
bronze.” It appears that in 1895, in a 
letter by an individual purchasing officer 
concerning the Hancock statue, it was speci- 
fied that the “U. S. Standard bronze to be 
used should consist of 90 parts of copper, 
7 parts of tin, 3 parts of New Jersey refined 
spelter.”” Some of the firms receiving the 
letter, assuming that this phraseology had 
legal effect, designated this composition as 
“U. S. Standard” and used this term in 
somewhat the same manner as the terms 
“sterling silver” or “eighteen-carat gold” 
are used. Numerous cases can be cited to 
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show that, even in its statuary purchases 
the Federal Government has not adhered 
to this so-called “‘standard.” One illustra. 
tion is the bronze group in front of the Li. 
brary of Congress which is made of an alloy 
of 90 per cent copper, 8 tin, 2 lead. Noted 
statues vary so in composition that it js 
clear that there are no fixed “ideal propor. 
tions” for art bronze, as well as no “U.§ 
Government Standards.” 

Other Bronzes.—Examples of the tendency 
to apply the name “bronze”’ to copper alloys 
other than those containing tin, are found 
in “aluminum bronze,” “silicon bronze,” 
and “conductivity bronze.” 

Aluminum Bronze.—The alloy having the 
approximate composition, 90 to 93 per cent 
copper, 7 to 10 per cent aluminum, with per- 
haps a little iron, is generally known as 
“aluminum bronze.” It lacks the charac- 
teristic bronze color but has superior cor- 
rosion resistance and high strength. Other 
than trade names, the use of which should 
be discouraged, no descriptive name ap- 
propriate from the metallurgical standpoint 
has been suggested. The name “aluminum 
bronze” appears in Federal Specifications 
and in those of the American Society for 
Testing Materials and other technical soc- 
eties. 

Silicon Bronze.—This name is often ap- 
plied, for lack of a better one, to a class of 
high-strength copper alloys which have 
recently received much attention. The 
name “copper-silicon alloy” is used in the 
Federal Specifications QQ-C-591 and 5%, 
and suggests silicon as the essential alloying 
constituent. However, other alloying ¢le- 
ments, manganese, zinc, iron, and tin are 
often present and the percentage of some 
of these may equal the silicon content 
These alloys are outstanding in many ft 
spects and their commercial use, partici: 
larly in wrought forms, is rapidly increasing. 

Conductivity Bronze.—This name is often 
used to designate alloyed copper for which 
a combination of high tensile strength and 
relatively high electrical conductivity § 
required. Cadmium and tin are the best 
alloying elements for the purpose, and are 
generally used in amounts somewhat below 
2 per cent. With respect to the degree 
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which the conductivity of copper is lowered 
by the admixture of another element, cad- 
mium is decidedly superior to tin. 

Other Uses for the Term “‘Bronze.’’—The 
term “bronze” is widely used as descriptive 
of the surface appearance of metals, es- 
pecially with reference to the decorative 
efect. The designation of a leaded brass 
as “architectural bronze”’ is justified only 
on this basis. Certain decorative surface 
efects are described as “bronzed’’; such a 
one is that given to steel by copper plating 
itand then treating it with a sulfide solu- 
tin. Another use is in reference to the 
metallic pigments used in “‘bronzing paints.” 
Finely divided metal in the form of flaky 
particles, whether copper, copper-zinc alloy 
or aluminum, is termed “bronze.”.... 

With such looseness of terminology, and 
such a wide range of alloys in use, it is ob- 
vious that statistics of production of ‘‘brass”’ 
and “bronze”’ may not be used with great 
certainty or exactness for such purposes as 
attempting to calculate the amount of tin 
or zinc entering into the products. 


Some four or five years ago, the author 
undertook to collect the necessary mate- 
rial and prepare the non-ferrous section 
of the Cast Metals Handbook of the 
American Foundrymen’s Association. 
This work proved particularly arduous 
due to the confused terminology in the 
field and the absence of a standard classi- 
ication of the copper-base alloys. 

A short time later, the author under- 
ook to prepare a small foundry hand- 
ook or casting manual to be published 
y The Metal Industry. Again the dif- 
culty was encountered. 

That this difficulty was not new or 
inrecognized by the Society is indicated 

) Specifications B 30-36. In that 
‘ecification we see the general terms 
‘td brass, semi-red brass, leaded bronzes, 
‘igh-leaded bronzes and yellow brasses 
‘ed. However, they are used only as 
wadings under each of which a few 
“oys are listed. No specific limits are 
*tup as tu the dividing lines between 
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classes. The actual classes set up cover 
only a portion of the field and in fact 
do not cover some of the regular 
A.S.T.M. copper-base foundry or casting 
alloys. 

In preparing the 1938 revision of the 
Casting Manual, the author undertook 
to set up a complete classification system 
with a complete terminology and a com- 


plete set of definitions to cover the cop- _ 


per and copper alloy field as applied to 
foundry work. Based upon such a 
system, it became possible to discuss in 
the manual entire classes of alloys instead 
of dealing with hundreds of minor alloy 
deviations. 

It seems that the tentative system as 
presented first in the 1938 “Casting 
Manual” met with some favor from men 
in the industry who had long been 


troubled with the same problem. -__ 


was suggested that the Society’s Com- 
mittee B-5 on Copper and Copper Al- 
loys, Cast and Wrought, undertake a_ 
study of the subject to see what could 
be done. For this work, the author was 
asked to act as chairman of a special 
sub-subcommittee functioning under 
Subcommittee X on Copper-Base Alloys: 
for Sand Castings. The author im- 
mediately enlisted the help of the entire — 
membership of Subcommittee X. The 
classification as finally evolved is being | 
presented to the Society this year — 


publication as tentative.* 

The classification is based on the use 
of the term “brass” as applicable to 
copper-zinc alloys and the term “bronze” 
as applicable to copper-base alloys con- 
taining alloying elements other than 
zinc, and in sufficient amounts to be pre- 
dominant over zinc in effect on the 
properties. It is obvious then, that 
this proposed terminology recognizes 
“bronze” as the general term for copper- 
base alloys containing less than 98 per 
cent of copper and that the term “‘brass”’ 
3 See Tentative Classification of Cast Copper-Base 


Alloys (B 119 - 39 T) of the American Society for Testing 
Materials, 1939 Book of A.S.T.M. Standards, Part I. 
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then is really a particular kind of bronze, 
namely, a zinc-bronze. ' 

The general classification is appended 
hereto. It will be noted that in 
the class of “Copper” is included all 
alloys containing 98 per cent or more 
of copper which, therefore, includes in 
the class of copper many of the high 
electrical and high thermal conductivity 
copper-base alloys regularly produced in 
non-ferrous foundries. It will be noted 
that under the general heading of 
“Brass” there are subheadings of 
Brass,” ‘‘Semi-Red Brass,” ‘Yellow 
Brass,” “High-Strength Yellow Brass,” 
“Nickel Brass,” and ‘Silicon Brass.” 
Subheadings under these various general 
headings could be added to cover those 
modified alloys which are essentially one 
of the major classes but have been 
changed by the addition of small 
amounts of addition agents desired to 
obtain certain specific properties. Thus 
any of the brasses may be leaded or not 
_ leaded. Some of the brasses may con- 
- tain small amounts of tin, iron, alumi- 
num, manganese, and nickel to give 
certain particularly desired properties. 
The addition of these modifying agents, 
however, in the order of a fraction up to 
1 or 2 per cent is not considered as taking 
them out of the general classification of 
brass meaning a zinc-copper alloy. 

Under the general heading of 
“Bronzes” then we have the typical tin 
bronzes which are further subdivided 
into the straight tin bronzes, the leaded 
tin bronzes, and the high leaded tin 
bronzes. In each case, these bronzes 
may be somewhat further modified and 
certain subclasses set up where small 
amounts of other metals have been 
_ added to produce certain specific changes 
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in final properties. Passing then from 
the high-leaded tin bronzes, we have the 
straight lead bronzes, meaning the high. 
lead copper alloys containing essentially 
only lead and copper as used for bearing 
purposes and containing less than 5 per 
cent of tin. Further types of bronzes 
are then the nickel bronzes, aluminum 
bronzes, silicon bronzes and _ beryllium 
bronze, 

As new and special alloys are de. 
veloped, such as those capable of heat 
treatment, they should receive carefu! 
consideration and a name or classifica- 
tion assigned to them only after due 
consideration of the technical impli- 
cations involved. 

It is hoped that this system and this 
terminology will meet general acceptance 
by both the producing and consuming 
interests and that it will be used by 
engineers and purchasing agents and by 
and in the sales and advertising field 
as it applies to the casting field for copper 
and copper-base alloys. 

It would not be difficult to set upa 
similar system for the wrought copper 
alloy field. Some systematization in that 
field would seem to be quite in order. 

It would not be difficult to set up 
system for the aluminum-base alloy 
field, both cast and wrought, when, 4s, 
and if the number of alloys in use it 
that field require it. 

The system for the cast copper and 
copper alloys in the foundry field has 
now advanced from the baby in swad- 
dling clothes as first seeing the light 0 
day in the 1938 Casting Manual to the 
young lad as you see him today in the 
form of a tentative standard. His fu 
ture is not yet assured. It is in you! 
hands and the lap of Providence. | 
bespeak your kindness. 
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Committee B-6 on Die-Cast Metals 
and Alloys held two meetings during 
the year: one in Atlantic City, N. J., on 
July 1, 1938, and one in Columbus, 
Ohio, on March 9, 1939, with an attend- 
ance of 30 and 21, respectively. The 
subcommittees have also held meetings 
at various times during the year. 

The following additions and changes 
in membership have been approved: 

J. B. Neiman, Federated Metals Division of 
American Smelting and Refining Co., 

Walter Bonsack, The National Smelting Co., 

§. E. Maxon, replacing W. W. Broughton, 
The New Jersey Zinc Co., resigned, 

W. A. Cowan, National Lead Co., resigned, 
Marc Stern, A. C. Spark Plug Division of 
General Motors Corp., resigned, and 
J. G. G. Frost, formerly of The National 
‘melting Co., now connected with the Alumi- 
tum-Magnesium Corp., Sandusky, Ohio, has 
wot applied for reinstatement following change 
n employment and was therefore dropped 
tom membership in accordance with Society 
regulations. 

At the present time the committee 
‘onsists of 77 members, 62 of whom are 
voting members; 26 are classed as pro- 
lucers, 20 as consumers, and 16 as 
general interest members. 

A balance of $179.42 is reported by 
‘eiety Headquarters in the fund of 
Committee B-6 as of December 31, 1938. 


REVISION OF TENTATIVE STANDARDS 


Thecommittee recommends revisions of 
liree tentative specifications as follows: 


lentative Specifications for Lead and Tin- 
Base Alloy Die Castings (B 102-35 T):! 


‘Proceedings, Am. Soc. Testing Mats., Vol. 35, Part 
ha 335); also 1938 Book of A.S.T.M. Tentative 
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Section 2.—In the table of chemical 
composition requirements change the 
tin content for alloy No. 2 from “82 per — 
cent” to read “80 to 84 per cent,” and — 
the copper content from “5 per cent” 
to read “4.0 to 6.0 per cent.” 

Section 3.—Following the table of 
permissible variations add a note to read — 
as follows: 


NotEe.—The permissible variations do not 
apply to tin or copper contents for alloy No. 2 
specified in Section 2. 


Tentative Specifications for Aluminum- + 
Base Alloy Die Castings (B 85-37T)? 
Section 7.—In the table of chemical — 

composition requirements change the 

maximum permissible zinc content of 
alloy No. VII from “0.8 per cent” to 
read “1.0 per cent.” 

Change the composition requirements 
for alloy No. VIII to read as follows by 
the addition of the italicized figures and 
the omission of those in brackets: 


Desired Composition, per cent: 


Aluminum.............. ..... [95.25] 95.5 
Permissible Variations, per cent: 

Silicon [0.8 to 0.5 t0 1.0 

Other Elements, max., per cent: 


Change the maximum permissible zinc 
content of alloy No. XII from “1.5 per 
cent” to read “1.8 per cent,” and the 


~ Procesdines, Am. Soc. Testing Mats., Vol. 37, oe 


I, p. 705 (1937); also 1938 Book of A.S.T.M. Tentative 
Standards, p. 420. 
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maximum permissible tin content from 
“0.1 per cent” to read “0.3 per cent.” 
Change footnote b to read as follows 
by the addition of the italicized words 
and the omission of the word in brackets: 


Analysis shall ordinarily be made only for 
the elements [specifically] mentioned in this 
table. If, however, the presence of other ele- 
ments is suspected or indicated in the course of 
routine analysis, further analysis shall be made 
to determine that these other elements do not 
exceed the total given in the last column. 


A ppendix.—At the end of the appen- 


dix add a sentence to read as follows: 


When tension tests are made, they should be 
made at a free running testing machine head 
speed of approximately } in. per min. and the 
tests carried out at ordinary room temperature. 


Tentative Specifications for Magnesium- 
Base Alloy Die Castings (B 94 — 37 T): 


Section 1.—Change the second sen- 


tence to read as follows by the addition | 


of the italicized words and the omission 
of those in brackets: 


[One alloy is] Two alloys are specified and 
ff [is] are designated as alloys Nos. 12 and 13. 


Section 3.—Change the table of chemi- 
cal composition requirements from its 
present form to read as follows: 


Alloy Alloy 
: No. 12 No. 13 
Magnesium, per cent.......... remainder remainder 
Aluminum, per cent........... 9.0 to 11.0 8.3 to 9.7 
Manganese, min., per cent..... 0.10 0.13 
Zinc, per cent..... .... 0.3 max 0.4 to 1.0 
Silicon, max., per cent ; 1.0 0.5 
Copper, max., per cent 0.05 — 0.05 
Nickel, max., per cent 0.03 0.03 
Other ingredients (cadmium, 
tin), max., percent......... 0.3 0.3 


Explanatory Notes.—In Note 1 change 
the first sentence to read as follows by 
the omission of the words in brackets: 


The data in the following table [covering 

alloy No. 12] do not constitute a part of these 
specifications. 

* Proceedings, Am. Soc. Testing Mats., Vol. 37, Part 


I, p. 708 (1937); also 1938 Book of A.S.T.M. Tentative 
Standards, p. 425. 
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Change the table of physical proper. 
ties from its present form to read as 
follows: 


Tensile Elongation Charpy 

Strength, in 2in., Impact, 
Allo psi. per cent ft-lb. 
No. 12 29 000 to 34 000 1 to 3 9.5 to2 
No. 13 29 000 to 34 000 2to5 { to3 


Change Note 2 from its present form 
to read as follows: 


Norte 2.—Alloy No. 12 has a specific gravity 
of about 1.81. It has been widely used because 
it combines good physical properties with good 
casting characteristics. The copper and nickel 
contents should be kept low to minimize cor. 
rosion. 

Alloy No. 13 has a specific gravity of about 
1.81. It has good casting characteristics, ap- 
proximately the same resistance to salt-water 
corrosion as alloy No. 12 and better physical 
properties. The copper and nickel contents 
should be kept low to minimize corrosion. 


TABLE I.—ANALYSIS OF LETTER BALLOT VOTE. 


| 


> 

Items 3 | A> 
| | 2 

@ | 27 

REVISIONS OF TENTATIVE | | 


STANDARDS 


Specifications for Lead and Tin-Base | 

Alloy Die Castings (B102-35T). 38 0 13 
Specifications for Aluminum-Base 

Alloy Die Castings (B85-37T).| 42 | 0 7 
Specifications for Magnesium-Base 

Alloy Die Castings (B 94-37T).| 42 0 4 


The recommendations appearing in 
this report have been submitted to letter 
ballot of the committee which consists 
of 62 voting members; 56 members re- 
turned their ballots, with the results 


shown in Table I. 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I on Aluminum-Base 
Die-Casting Alloys (E. E. Thum, chait- 
man) is working on the exposure tests of 
aluminum-base alloys of higher than 
commercial purity. In general, the te 
sults of the tests indicate that the ap- 
pearance of aluminum-silicon alloy die 
castings exposed for 4 yr. in an industrial 
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per- atmosphere is not greatly influenced 0.003 to 0.005 in. The maximum depth 
1 as & cither by the silicon content (5 or 12 per of attack during this period of exposure ~ 
cent) or by the purity (high versus is about twice the average depth, and 
=| commercial). In a marine atmosphere, again regardless of purity or silicon 
Ib. 
to TABLE II.—CHEMICAL ANALYSES OF ZINC ALLOY DIE-CAST TEST BARS. 4 
Composition, per cent 
form Alloy Producer 

— Copper ee | Lead [Cadmium Iron Tin Nickel 
ravity 4.20 2.8% | 0.002 | <0.002%| 0.012° | <0.001 | <0.003° 
ae 3.8 2.8 0.05 0.002 | <0.002 | 0.015 | <0.001 | <0.005 
Cause 4.2 2.8 | 0.05 0.001 | <0.002 0.019 | <0.001 | <0.005 — 
| good 3.8 2.6 | 0.05 0.001 | <0.002 | 0.026 | <0.001 | <0.005 — 
nickel 4.1 | 3.0 | 0.06 0.002 | <0.002 | 0.019 | <0.001 | <0.005 

4.3 | 2.8 | 0.04 0.002 | <0.002 | 0.025 | <0.001 | <0.005 
Cor- 
4.07 | <0.01° | 0.05¢ 0.002 | <0.002| 0.018 | <0.001° | <0.005 
test had 4.2 | <0.01 | 0.05 0.001 | <0.002 | 0.006 | <0.001 | <0.005 
about FO senchusxeees 3.8 | <0.01 | 0.04 | 0.001 | <0.002 | 0.010 | <0.001 | <0.005 
— _ eaanlengiee 4.1 | <0.01 0.05 0.002 | <0.002 | 0.016 | <0.001 | <0.005 
-water 4.1% 1.1% 0.04° | 0.001 | <0.002”, 0.018° | <0.001" | <0.005 
aysical peepee 3.9 1.0 0.05 0.002 | <0.002 | 0.010 | <0.001 | <0.005 
ys Daves bausas 4.2 1.1 0.05 0.001 | <0.002 | 0.010 | <0.001 | <0.005 — 
tents | TRE 3.9 1.0 0.05 0.002 | <0.002 | 0.019 | <0.001 | <0.005 
: Tc gionh ke 4.2 1.0 0.06 | 0.001 | <0.002 | 0.009 | <0.001 | <0.005 
isatecesevees 4.0 1.0 0.04 0.002 | <0.002 | 0.013 | <0.001 | <0.005 
'Spectrographic analyses. 
sy * Analyzed by chemical and spectrographic methods. 
ae 
33 TABLE III.—PHYSICAL PROPERTIES OF ZINC ALLOY DIE-CAST TEST BARS. 
| A> 
2 Original Properties 
22 | (Specimens Aged 3 to 6 Months) | Exposed to 95 C. Steam for 10 Days 7 
1 il 
5 
9 8 | 
letter 0026 
onsists | | 
e- 
A | 44100 >26 85 | 92 | 10 | 38300) 13 | >17| 5 | 0.0014 
results D. | 46700, 327) 92 4 | 3790, 8 | S11 | 5 | 0.0015 
....| 42200 | >41 | >25 | 84 89 6 36600 | 6 >18 3 | 0.0016 
| 42900, 538 | >27 | 84 | 89 6 | 36800, 14 | >18| | 0.0013 
| | 90 91 8 38800; 6 5 5 | 0.0018 
: Z.......+-+.| 44200 | >46 | >26 91 91 9 | 37900 9 >12 6 | 0.0022 
m- Bast ete is a definite, but not substantial content. The differences noted in rd 
chal- § “vantage in using high-purity alloys test between specimens cast by two dif- : 
testsof ff tut there appears to be little difference ferent producers appear to be within 
than tween the 5 and 12 per cent silicon experimental error. Although it is evi- 
the re- § “loys. Regardless of the purity and dent from these results that the exposure 
the ap- § “icon content, the alloys are corroded has been too short to show definitely 
lloy die ‘y an interdendritic type of attack and the differences between the high-purity 
dustrial § % an ies depth in 4 yr. of about and standard alloys, the visual examina- 
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tion, and to a lesser extent the depth of 
attack measurements, show a slight 
superiority for the high-purity grades. 
A special subgroup appointed to re- 
view the composition limits specified in 
the Tentative Specifications for Alu- 
minum-Base Alloy Die Castings (B 85 — 
37 T) has prepared the changes being 
recommended in certain of the alloys 
covered by these specifications. 
Subcommittee II on Zinc-Base Die- 
Casting Alloys (C. E. Heussner, chairman) 
has reviewed the Tentative Specifications 


OF COMMITTEE B-6 


producer has cast test bars of five lead. Af 
and tin-base alloys. The present plans col 


call for the testing of these test bars for meé 
tensile strength by three laboratories, alt 
Creep studies are also to be made on the ex] 
test bars and, if possible, spectrographic do 
analyses will be conducted by four lab- rat 
oratories on the test specimens. A re. me 
port containing results of the chemical wi 
analysis and tension tests of the five pri 
alloys studied is appended hereto. on 


Subcommittee IV on Physical Tests of wi 
Die Castings (R. L. Templin, chairman) Sp 


for Zinc-Base Alloy Die Castings (B 86- has suggested to the other subcon- tes 
38T) and feels that the specifications mittees of Committee B-6 that speed po 
ma 
IV.-CHEMICAL ANALYSES OF MAGNE- TABLE V— PHYSICAL PROPERTIES OF MAGNE 
SIUM-ALLOY DIE-CAST TEST BARS. SIUM-ALLOY DIE-CAST TEST BARS. ex] 
Composition, per cent Original Properties (Specimens 

3 to 6 Months) ha 
Pro- Pro- 
ducer | Alloy | ducer Tensile | Charpy Rock- |Elonga- 
| & 4 Strength, |Impact,| | tionia 

2 = psi ft-lb Hard. 2 in, | 
Bio | |per cent 0c 
307|H...... 6.3, 0.20.14, 0, 0 | 0| 0.01) 0 No. 307 |H........ 29100 | 2 | 4 
6.6 0.10.24 0 0 | 0 |<0.01, 0 34200 | 4 67 | 7 Me 

6.5 00.19, 0.1) | 0 |<0.01) 0 26 200 4 66 3 
No. 312 |H...... 8.9/0.20.14, 0 0| 0| 0.01) 0 No. 312 |H........ 30 200 1 m | 2 
9.4 0.30.24, 0 0 | 0 <0.01| 0 32 700 2 78 2 sio 
M:....[10.3| 0.40.14) 0) @ | © |<0.01) 0 33 100 1 | 1 dat 

No. 313 |H......| 8.5, 0.20.14| 0.4) 0 | 0 | 0.01) No. 313 |H........ 29600 | 1 2 | 2 
K......| 8.6) 00.22 0.6 0 | 0 |<0.01) 0 32 000 2 | 4 
M 8.6 <0.01) 0 26 500 3 75 1 for 

| | 
No. 314/H..... 6.9 0.20.14] 1.8, 0 | 0 | 0.02) 0 No. 314 |H........ 26600 | 2 70 | 1 

6.4, 00.33) 2.3) 0 | |<0.01) 0 K........] 33200 3 69 7 nes 
00.20, 2.5, 0 | |<0.01/ 0 M.......| 28500 3 72 3 193 
Th 
should be retained for the present in their and temperature of tension tests be con- prc 
tentative status. The subcommittee is trolled by specific requirements. The ue 


considering the addition to the speci- 
fications of two appendices which have 
been proposed by Subcommittee IV on 
Physical Tests of Die Castings, relat- 
ing to the speed at which tension tests 
shall be made and notations covering 
the use of tension test data for engineer- 
ing designs. 

Subcommittee III on Tin- and Lead- 
Base Die-Casting Alloys (G. O. Hiers, 
chairman) completed its plans for 
the production of additional sets of test 
specimens for the exposure tests on lead- 
and tin-base alloys. One additional 


subcommittee is now actively working 
on a revision of the methods for impact 
testing of die-cast specimens. 
Subcommittee V on Exposure and Cor- 
rosion Tests (W. M. Peirce, chairman) is 
actively conducting atmospheric Cor- 
rosion tests on die-casting alloys. The 
first atmospheric tests were started in 
1929 and have been continued 10 yt. 
Other specimens have been removed 
from the exposure racks and tested after 
exposure periods of 1 yr. and 5 yr. The 
tests were originally scheduled to - 
nate at the end of the 10-yr. period. 


4 
| 
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After reviewing the progress of the 
corrosion work the subcommittee recom- 
mended to Committee B-6 that the 
aluminum-alloy test bars remain on the 
exposure racks, both outdoors and in- 
doors, for at least another 5 yr. The 
racks containing the zinc-alloy speci- 
mens have been recalled in accordance 
with the schedule previously set up, 
primarily because all of the alloys now 
on exposure are commercially obsolete 
with the exception of alloy No. XXI. 
Specimens of alloy No. XXI will not be 
tested at this time, but will be re-ex- 
posed, along with the new zinc and 
magnesium alloys now being placed on 
exposure racks, for at least another 
5 yr. at the same locations where they 
have been for the past 10 yr. One 
round tension bar of alloy No. XXI from 
each producer and from each exposure 
location has been withheld from re- 
exposure for microscopic examination. 
Measurements have been made on the 
impact bars to determine the dimen- 
sional changes that have occurred to 
date. 

The atmospheric exposure test racks 
for the three new zinc and four mag- 
nesium alloys cast in the late summer of 
1938 are now in the process of assembly. 
The analyses and original physical 
property test data on the zinc and mag- 
nesium alloys, and the ten-day, 95 C. 
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steam data for the zinc alloys appear 
in Tables II to V. 

Subcommittee VII on Magnesium-Base 
Die-Casting Alloys (J. A. Gann, chair- 
man) has reviewed the Tentative Speci- 
fications for Magnesium-Base Alloy Die 
Castings (B94-—37T) and is recom- 
mending the inclusion of a new alloy 
No. 13 and certain minor revisions in the 
requirements for alloy No. 12, as men- 
tioned earlier in this report. The sub- 
committee is considering the addition to 
these specifications of two appendices 
recommended by Subcommittee IV re- 
lative to the speed at which the tension 
tests shall be made. 

A paper on “Magnesium Alloy Die- 
Castings” by A. W. Winston of the Dow 
Chemical Co. appears as an appendix 
to this report. 


This report has been submitted to 
letter ballot of the committee which 
consists of 62 voting members; 58 mem- 
bers returned their ballots, of whom 56 
have voted affirmatively and 0 nega- 
tively. 


Respectfully submitted on behalf of 
the committee, 
J. R. TOWNSEND, 
Chairman. 
G. L. WERLEY, 
Secretary. 
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This report presents the results of the 
preliminary tests obtained in the investi- 
gation of lead- and tin-base alloy die-cast 
test specimens which have been under- 
taken by Subcommittee III. This in- 
vestigation was accomplished through 
the cooperation of two die casters and 
four other companies who supplied the 
ingot metal. Two of the ingot metal 
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as follows: Cooperator A supplied alloys 
Nos. 1, 2, and 3, while cooperator B sup- 
plied alloys Nos. 4 and 5. 

Cooperators B, E, and F conducted 
the tensile strength and elongation tests 
on the tension specimens while coopera- 
tors A and B furnished the chemical 
analyses of the fractured tension speci- 
mens. Impact tests have also been 


TABLE I.—SPECIFIED REQUIREMENTS FOR CHEMICAL COMPOSITIONS OF LEAD- AND 
TIN-BASE ALLOYS. 


Tin, per cent | Antimony, per cent | Lead, per cent | Copper, per cent | Iron, - Zine, —t 

| De- De- I | per | | per 

Min. | sired | Max. Min. | sired Max. | Min. sired Max. | Min. sired Max. | cent cent | Cet | cent 

No.1........| 90 | 91 | 92| 4 | 4.5] 5 0.35 4 | 4.5 |5 | 0.08 | 0.08 | 0.01 | 0.01 
No, 2 80 82 84 | 12 13 14 7 0.35| 4 5 6 | 0.08 | 0.08 | 0.01 | 0.01 
No. 3 64 65 66 | «14 15 16 17 18 19 |1.5| 2 2.5 0.08 0.15 | 0.01 | 0.01 
No. 4 4 5 6 4 15 16 79 80 81 | 0.50 ae 0.15 | 0.01 0.01 
| .. | 9.25, 10 | 10.75) 89 | 90 | 91 | | | 0.50] .. 15 | 0.01 | 0.01 


suppliers also furnished chemical analy- 
ses of the finished die castings. Tension 
tests were made by two of the ingot 
metal suppliers while a third laboratory 
participated in the physical tests. 
Cooperator C die cast flat tension 
specimens and } by }-in. square impact 
specimens of the five alloys listed in 
Table I and supplied ingot metal for 
alloys Nos. 1, 4, and 5. Cooperator F 
furnished inget metal for alloys Nos. 2 
and 3. Cooperator D die cast the 
round tension specimens and the } by 
3-in. square impact specimens of the five 
alloys which were supplied in ingot form 


made but the results have not yet been 
released. 

Specified requirements for the chemi- 
cal compositions of the alloys studied in 
this investigation are listed in Table I, 
while the actual analyses of the fractured 
tension specimens are given in Table II. 
The results of the tension tests are 
recorded in Table III. 


Respectfully submitted on behalf of 
the subcommittee, 
G. O. HIERs, 
Chairman. 
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TABLE II.—CHEMICAL ANALYSES OF FRACTURED TENSION SPECIMENS. 


Note 1.—Round 
gher. Accord 


j Anti- Alumi- 
Speci- | Tin, Lead, | Copper,| Iron, | Arsenic,| Zinc 
Alloy mens Analysts per cent oor ams per cent | per cent | per cent | per cent per cent or ane 
No. 1 Flat 90.91 4.76 0.12 4.04 0.04 0.04 <0.01 0.001 
Flat 90.44 4.5 0.14 4.34 0.04 
Round 92.42 4.84 0.29 2.26 0.03 0.06 <0.01 0.001 
Round 92.2 5.0 0.14 2.45 0.05 
No. 2 Flat ; Sane 81.81 12.94 0.47 4.62 0.06 0.01 <0.01 0.001 
Flat _ Se 81.48 12.9 0.13 4.84 0.04 
Round | See 84.02 12.98 0.12 2.76 0.02 0.008 <0.01 0.001 
Round Wicnnexa 82.8 13.2 0.10 3.0 0.05 
No. 3 Flat Sar 66.06 15.05 16.68 2.00 0.05 0.055 <0.01 0.001 
Flat 65.40 15.0 17.02 2.20 0.04 
Round | Saale: 66.11 14.27 18.01 1.42 0.02 0.07 <0.01 0.001 
Round See 66.0 14.1 17.8 1.70 0.05 
No. 4 Flat ae 4.81 14.88 80.13 0.02 0.02 0.09 <0.01 0.001 
Flat ER 4.70 15.4 79.6 0.14 0.06 
Round ' See: 4.93 14.60 80.20 0.14 0.02 0.085 <0.01 0.001 
Round 5.0 14.6 79.80 0.30 0.07 
No. 5 Flat A 0.21 8.88 90.73 0.04 0.01 0.04 <0.01 0.001 
Flat RES: a ince 8.8 90.6 0.10 0.04 
Round | re 0.06 9.85 89.90 0.09 0.02 0.06 <0.01 0.001 
Round eRe coon 9.8 89.8 0.20 0.05 
TABLE III.—RESULTS OF TENSION TESTS. 
Alloy No. 1 Alloy No. 2 Alloy No. 3 Alloy No. 4 Alloy No. 5 
Sb 4.9 Sb 4.65 Sb 13 Sb 13 
Cu 2.3 Cu 4.2 Cu 2.9 Cu 4.7 Round Flat Round Flat Round Fn 
Test-| Round Flat Round Flat | SPecimen | Specimen | Specimen | Specimen | “Ten non 
ing Specimen | Specimen | Specimen | Specimen 
ora- | ~ 
n 1S ul Sul Sul Sel n Sul n n n 
10000}20.2| 9420/15.4) 13010 15.8| 12570) 8.4) 11370) 4.1) 9590) 1.4] 10600) 4.6| 9740) 4.5 7840'10 2|7700, 7.2 
10520/23 .6) 10040)14.7 14240 14.4] 13600) 2.9) 12380) 2.5) 10700) 11560) 7.7) 10300) 2.6|7990 13.7|7990| 2.7 
10407) 23.0) 9452) 7.7 13175|12.5 13290| 11665! 4 7| 10114) 1.8) 10615) 6.0 10230) 4.0 7851) 9.8/7941) 6.5 
poate of | 
Testing T Capac- Free Mov- | Tempera- 
ype of Testing Machine | - Grips ing Cross |ture During 
Laboratory ity, Ib. Used, b. Head, in. | Test 
per min. 
Amsler hydraulic 20000 | 0 to 1000 | Standard 0.25 72¢. 
Tinius Olsen four-screw | 20000 | 0 to 2000 | Standard 0.50 85 F. 
rotating gear unit } 
Tinius Olsen three-screw | 50000 | 0 to 5000 | Self aligning for flat | 0.30 | IF, 
rotating gear unit specimen. Standard 
for round specimen | 


Nore 2.—The round specimens were about 3 months old when tested. 
hen tested by laboratory B and about 20 months old when tested by laboratories E an 


Nore 3.—All laboratories tested six specimens for each of the above derived arithmetic averages. The round speci- 
mens of the lead- and tin-base alloys were sounder or were less porous than the flat specimens. 4 € 
specimens studied in the development of the zinc-base die-casting alloys.!_ A few specimens obviously defective due to 


porosity gave low results which were not included in the averages. 


3 1G. L. Werley, ‘‘A Study of Die Design Changes for the Improvement of the Soundness and Uniformity of Test 
as,” Appendix, Report of Committee B-6, Proceedings, Am. Soc. Testing Mats., Vol. 37, Part I, p. 223 (1937). 


pecimens of alloys Nos. 1 and 2 were inadvertently cast at 550 F. while the liquidus is about 150 F. 
ingly, the copper content is definitely lower than the limit ee. 
he flat ~ | were about 8 months old 


This is in line with the 
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MAGNESIUM ALLOY DIE CASTINGS 


By A. W. Winston! 


At least from a practical standpoint, 
the art of die casting magnesium alloys 
in this country is entirely a development 
of the last ten years. 

Proceeding from the usual spasmodic 
experimental phases at the beginning, 
the industry has grown, particularly 
since 1935, to a position commanding 
the respect of all interested in the sub- 
ject. At the present time there are 
six companies regularly producing mag- 
nesium-alloy die castings, making them 
available in all consuming sections of 
the country. 

The first significant work, according 
to available records, was early in 1931, 
when Mr. Charles Pack cast a number 
of alloys experimentally in a cold cham- 
ber machine and in dies designed for 
the high-pressure casting of brass. The 
metal was poured into the chamber of 
the machine at the lowest possible 
ladling temperature. This was roughly 
controlled by keeping a stick of solid 
metal in the melting pot at all times. 
The castings produced were satisfactory 
in appearance and the test bars yielded 
very impressive properties, not greatly 
different from the best obtainable today. 


MACHINE DEVELOPMENT 


Low-Pressure Machines: 


In spite of this favorable beginning, 
the method did not receive much atten- 
tion during the next few years which 
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were devoted to attempts to cast in 
goose-neck machines. While the latter 
process was by no means unsuccessful, 
the operation difficulties were con- 
siderable and discouraging enough to 
retard rapid progress. The major prob- 
lem may be mentioned. As is generally 
well known, magnesium alloys will 
oxidize rapidly in contact with air at 
temperatures much above the melting 
point of approximately 1200 F. This 
necessitated the use of protective fluxes 
or an inert atmosphere over the metal 
in the melting pot and the use of an 
inert atmosphere in the goose-neck. 
There was a constant struggle to main- 
tain adequate protection at the operat- 
ing temperature and at the same time 
avoid contamination of the casting 
with flux or dross. As magnesium 
alloys have a low heat capacity and as 
the casting air pressure, for safety 
reasons, had to be limited to 400 psi., 
it was necessary to cast at about 1400 F. 
in order to get fairly sound castings. 
The high temperature also made im- 
practical the goose-neck and plunger type 
of machine either with ports or separate — 
valves. 


High-Pressure Machines: 


After a thorough and careful study 
of the air-operated goose-neck machine, 
the conclusion was inevitable that some 
other casting method should be devel- 
oped, whereupon, work was started on 


~The Dow Chemical Co., Midland, Mich. _ the cold chamber method. The first 
284 


_ 


Jat 
of 
mé 
|_| = 
M 
De 
\ 
4 
ae by 
of 
it 


large-scale attempt was a modification 
of a side gate automatic goose-neck 
machine, whereby the melting pot and magnesium alloy. Mechanical troubles 


af 
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chamber, a rather slow operation result- 
ing in premature solidification of the 


Fic. 1.—Modern Cold Chamber Die Casting Machine for Magnesium Alloys. 


Movable Stationary 
bie Plate dies / Ore Plate 


4 


on 


4-S t 
Pouring Well Melted ladle 
Sulfur Opening 
Mo/ten--4--" - Melting Pot 


| | 4A 


Fic. 2.—Diagrammatic Sketch of Machine Fic. 3.—Melting Pot and Protecting System for 
Shown in Fig. 1. Die Casting Magnesium Alloys. 


goose-neck below the dies were replaced also developed in attempting to hold 
by the pressure chamber. The closure the dies together against the high fluid 
of the dies took place after filling the pressure (1500 psi.) developed during 
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the shot. It was immediately apparent, 
however, that the cold chamber process 
offered tremendous possibilities. The 
surface finish, density, and strength 
were greatly improved, while production 
efficiencies and costs began to approach 
reasonable figures. A center gate ma- 
chine with pouring well located at the 
end outside the stationary die plate 
was then built. While a considerable 
improvement, trouble was still experi- 
enced with excessive “flash” due to 
inadequacy of the hydro-mechanical 
mechanism for locking the dies. 

The machine shown in Figs. 1 and 2 
was finally built, and has been in very 
satisfactory operation ever since. The 
dies are held together by direct hy- 
draulic pressure, a total capacity of 500 
tons being available for the purpose. 
An air-hydraulic accumulator furnishes 
oil at 1000 psi. for the pressure stroke 
of the injection ram. The main cylinder 
of the machine is filled from a low- 
pressure air-hydraulic accumulator for 
the free stroke, with direct pumping up 
to 2000 psi. for the actual clamping 
of the dies. Core pulls usually are 
hydraulically operated. A special valve 
mechanism permits rapid operation with 
a minimum of lost time between steps. 
The 7-in. tie rods are of ample size to 
carry the die-locking load and the added 
pressure during the “shot.” 

The die clamping capacity of the 
machine should permit the making of 
castings with a projected area of 200 
sq. in. Castings of this size are regu- 
larly made, such as the baker’s peel 
shown in Fig. 8 with an area of 234 sq. 
in. Castings up to 74 in. in length 
also have been made as shown in Fig. 9. 
While massively constructed, the ma- 
chine is flexible in operation and has 
operated at as high as 100 cycles per 
hour on medium-sized castings at a 
casting efficiency of 97 per cent. 

While the machine just described 
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has been quite satisfactory, other de. 
signs should perform well also and, in 
fact, are doing so at the present time. 
The important requirements are strength 
and rigidity in the machine and rapid 
filling of the die through well-placed 
gates. 


OPERATING PRACTICE 
Melting and Casting: 


Just as important as the actual die- 
casting machine are the means employed 
for melting and holding the magnesium 
alloy at the casting temperature. Both 
the open pot method and the crucible 
method in use in magnesium-alloy sand 
foundries are unsuitable, as protection 
from surface oxidation is here obtained 
by the use of flux over the exposed 
surface of the metal. Numerous de- 
vices were tried, the design shown 
diagrammatically in Fig. 3 finally being 
adopted. The cast steel melting pot of 
400-lb. capacity is surmounted by a 
double-walled domed cover, partially 
filled with sulfur. The heat from the 
pot causes the sulfur to melt and sulfur 
vapor to distill through the holes sur- 
rounding the ladle opening in the side 
of the cover. These vapors burn on 
contacting the air, introducing a small 
amount of sulfur dioxide into the air 
within the cover. This effectively in- 
hibits active oxidation between the 
melting point of about 1100 F. and the 
operating temperature of not more 
than 1300 F. Additional protection is 
occasionally given as necessary by 
throwing within the . ver a pinch of 
sulfur or of a mixture of sulfur, am- 
monium silicon fluoride, and boric acid 
(Dow Agent No. 14). , 

A small amount (1 to 3 per cent) 
of a heavy flux (Dow Flux No. 22A) 
is melted with the original charge of 
metal ingots. When the metal is melted, 
it is stirred to assist the flux to coagulate 
any dirt or dross that may be present. 
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After settling, the sludge is removed 
by a perforated skimmer. The metal is 
ready for use after a short additional 
settling period. During use the metal 
is fluxed occasionally depending on the 
amount and condition of the metal 
being added and the oxidation occurring 
in operation. 

A round-bottomed ladle of the correct 
size for the casting being made is used 
to transfer the metal from the pot to 
the well of the die-casting machine, the 
shot being made immediately there- 
after. The usual pouring temperature 
range is 1175 to 1250 F. Occasionally 
for some castings it is necessary to go 
to 1300 F., but if this does not seem 
to be high enough the remedy is sought 
in improved gating. 

The finishing of magnesium alloy die 
castings presents few problems, the 
methods used for other metals generally 
being applicable with little modification. 
Machining is easily accomplished, usu- 
ally dry, but with an oil-type coolant 
for high-speed operations if very accu- 
rate dimensions must be maintained. 

Scrap from casting and machine opera- 
tions should not be remelted for die 
casting directly. The preferred proce- 
dure is to refine by the “open pot” 
method in the presence of a large quan- 
tity of flux (Dow No. 23A), recasting 
into 3-lb. ingots. 

The over-all metal efficiency is 
approximately 90 per cent for large to 
medium-sized castings. For small cast- 
ings, the efficiency will be slightly less 
due to the relatively larger proportion 
of butts and sprues to be refined. Cast- 
ng efficiencies vary but will average 
about 95 per cent. Castings with a 
wall thickness of 3; in. or more will 
fun consistently better than those with 
thinner walls. 


Dies for casting magnesium alloys 
may be made from a number of tool 
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steels on the market. For relatively 
short runs a carbon tool steel is satis- 
factory. For long die life a tool steel 
of the 5 per cent chromium, 6 per cent 
tungsten type has been found satisfac- 
tory. The dies should be heat treated 
and drawn to a Brinell hardness of 
about 450. The drawing temperature 
should be 1000 to 1100 F. so that the 
dies will not soften in use. 

Due to their low heat capacity, mag- 
nesium alloys tend to solidify quickly. 
After pouring, it is necessary, therefore, 
to get the metal into the die as soon as 
possible and consistent with adequate 
venting to avoid entrapped air. Ex- 
perience has indicated that gating and 
venting satisfactory for aluminum alloys 
will usually require some modification 
in adapting dies to magnesium alloys. 

Die temperatures ordinarily run from 
250 to 500 F., with 350 F. as a good 
average temperature. Water cooling 
usually is not necessary although it may 
be for very high production operations. 
Freedom from surface swirls and cold 
shuts is possible only when dies are 
maintained at the proper temperatures. 
The dies gradually become coated with 
a thin film of oxide making other die 
coatings unnecessary. Too high die 
temperatures cause excessive oxide film 
on the dies and rough surface on the 


The limitation on maximum size of 
castings will be dependent, of course, 
upon the equipment available. The 
machine illustrated in Fig. 1 is capable 
of producing castings of 6 lb. in weight, 
and as has been mentioned earlier of at 
least 230 sq. in. of projected area and 
up to 74 in. in length. The minimum 
wall thickness successfully cast has been 
0.040 in. but this was over a rather 
small area. A more practical minimum 
is 0.050 in. A useful approximate rule 


Sizes and Tolerances: 
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for wall thicknesses up to 0.130 in. 
1 
has been 1000 


Thus the minimum thickness for an 
area of 100 sq. in. would be 0.100 in. 
Numerous exceptions to this rule occur, 
however, due to casting design and the 
relation of the area in question to the 
gates. 


of the surface area. 
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ence between 200 and 1000 psi. is easily 
apparent in the soundness of the casting, 
but the difference is not very significant 
between 4000 and 6000 psi. The sub- 
ject, of course, is associated with many 
other factors, including casting design, 
gating practice, metal and die tempera- 
tures, and alloy composition. Generally 
speaking, no special advantage seems 


TABLE I—NOMENCLATURE AND COMPOSITION OF MAGNESIUM DIE-CASTING ALLOYS. 


} | é Nominal Composition, per cent 

As o's a a 3 

No. 12.....| Dowmetal K Dowmetal K 10.0.0.13| 0.5)... Remainder 
No. 13.....| DowmetalR | AM263 | 10 Dowmetal R 9.0/0.13)....| Remainder 
Dowmetal AX AM241 |...... 8.00.15 0.3)....| Remainder 
Dowmetal EX |.......... 6 | Dowmetal EX | Dowmetal EX | 6.0/0.2 | 0.2)... Remainder 


@ 4939 Book of A.S.T.M. Standards, Part I. 


TABLE II.—TYPICAL MECHANICAL PROPERTIES AND CHARACTERISTICS OF 
MAGNESIUM DIE-CASTING ALLOYS. 


Elon- 
Tensile Yield 
Alloy Strength, | Strength, 
psi. 
te ps per cent 
Dowmetal K................] 30000 22 000 1 
Dowmetal R................} 33000 21 000 3 
Dowmetal AX.............. 32 000 20 000 3 
Dowmetal EX............ .| 27.000 17 000 4 


Brinell | Impact 
Hard- | Izod, Characteristics and Uses 
ness ft-lb. 
62 1 Highest yield strength, but being re- 


placed by Dowmetal R. : 

Best die-casting alloy. Good cast 
characteristics with high mechanica 
properties and good corrosion re- 
sistance. 

Largely replaced by Dowmetal R com- 
position. 

Used an maximum toughness is de- 
sired. 


60 2 


60 2 
50 3 


Yield strength is defined as the stress at which the stress-strain curve deviates 0.2 per cent from the modulus line. 
Mechanical properties are obtained on standard A.S.T.M. die-cast specimens. 


The following tolerances generally 
apply to magnesium die castings: 


Tolerance per inch of dimension............ +0.0015 in 
Minimum tolerance within solid die......... +0.003 in 
Minimum tolerance across parting line or 

between solid dieand movabledieparts... -+0.005 in. 


In some cases the casting design may 
permit closer tolerances than those given. 


CHARACTERISTICS OF MAGNESIUM 
AtLoy Dre CASTINGS 


Effect of Pressure: 


The upper limit of desirable working 
pressure for magnesium alloys has not 
been established definitely. The differ- 


to be obtained with pressures over 4000 
psi.; in fact, some castings are made 
satisfactorily with much less. The test 
bars reported in Table II and most of 
the castings shown in the figures were 
made at approximately 4000 psi. 


Effect of Composition: 


The castability of magnesium alloys 
is affected by the composition, particu- 
larly in regard to hot shortness and the 
resulting shrinkage cracking in sharp 
interior corners and over cores. The 
die-casting alloys are basically mag- 
nesium with 6 to 10 per cent aluminum 


4 
Fic. 
| 


and 0.10 to 0.15 per cent manganese. 
Amounts up to 0.5 per cent silicon or 
0.6 per cent zinc are also added to 
increase the fluidity and improve the 
surface. The former raises the yield 
strength slightly but with a loss in 
ductility, while the latter increases the 
ductility with little effect on the yield 
strength. The addition of zinc in 
amounts above one per cent is not 
practical because of excessive hot short- 
ness, although simple castings and test 
bars have been made with as high as 3 
per cent zinc (Dowmetal H: magnesium, 
6 per cent aluminum, 3 per cent zinc, 
0.15 per cent manganese). Within the 
limits given earlier, the composition 
has but slight effect upon the surface 
quality and soundness of the die casting 
when made by the “cold chamber” 
process. Other factors apparently of 
more importance are metal and die 
temperatures, metal pressure, and gating 


methods. The castability of the com- 
mercial alloys, as far as surface quality 
. is concerned, is in the order in which 


Ae conse they are listed in Table I except that 
Fic. 4.—Die for M um Alloy Die Cast Test 
Alles Mes. 12 and 13 


Fic. 5.—Radiograph of Dowmetal Test Bars. 


 A—Cast at 300 psi, 
B—Cast at 4000 psi. 
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about the same. Tables I and II list 
the designations, nominal compositions, 
typical mechanical properties, and char- 
acteristics of the alloys. 

The mechanical properties given are 
somewhat higher than those obtained 
several years ago, even with the same 
die-casting machine. This has been 
brought about by study and improve- 
ment of the gating method for the 
test bar die, the latest revision of which 
is shown in Fig. 4. The radiographs in 
Fig. 5 show the soundness it is possible 
to secure in bars today, contrasted to the 
results formerly obtained with low- 
pressure casting in a goose-neck machine. 

A question frequently asked is: Can 
magnesium alloy die castings be heat 
treated? ‘The first three alloys listed 
in Table I can be solution heat treated 
with considerable increase in ductility 
and some falling off in yield strength. 
However, while present-day castings are 
remarkably sound and free from poros- 
ity, no casting is perfect and there is 
just enough porosity remaining to cause 
occasional blistering on heating to 700 F. 
or higher. A better solution, if duc- 
tility is required, is to reduce the alumi- 
num content as in Dowmetal EX 
(Table I). 

While the yield strength of magnesium 
alloy die castings is almost uniformly 
satisfactory, some interest has been 
shown in alloys with very high propor- 
tional limit and yield strength. Experi- 
mental work with a large number of 
alloys has shown that this is possible 
by a combination of solution and aging 
heat treatments. In the production of 
castings, blistering during the solution 
heat treatment would have to be elimi- 
nated as much as possible by reducing 
the porosity to a minimum with careful 
gating and operation control. The 
properties given below are typical of 
the results obtained: 
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PROPERTIES OF DIE-CAST DOWMETAL, HEAT 
TREATED AND AGED 
(Mg, 12 Al, 0.7 Si, 0.7 Zn, 0.1 Mn) 

Tensile strength, psi 
Yield strength (0.2 per cent 

set), psi 
Proportional limit, psi 
Elongation in 2 in., percent. . 
Impact value, ft-lb 
Brinell hardness 


42 000 


STABILITY AND METHODS 
FOR FINISHING 
Stability: 

Magnesium alloy die castings are 
remarkably stable under ordinary con- 
ditions of rural and urban exposure, 
provided there is free drainage and 
ventilation to allow the parts to dry 
normally. In locations of high humidity 
and high temperature, as in the tropics, 
a smooth surface will gradually tarnish 
and eventually roughen with the forma- 
tion of a thin oxide or hydroxide film. 

In steam at atmospheric pressure, the 
formation of the hydroxide film pro- 
ceeds more rapidly and in a few days the 
piece will be entirely covered with a 
loosely adherent coating of magnesium 
hydroxide. It has not yet been estab- 
lished whether or not the orthodox 
steam test is of any value when applied 
to magnesium die castings. At higher 
steam temperatures and pressures, the 
rate of film formation is further in- 
creased and the coating becomes more 
dense. If the film is formed in dilute 
caustic soda solution at high tempera- 
ture and pressure, it is very dense and 
adherent and is the basis of a protective 
and decorative treatment described later 
as Dow Treatment No. 6. Die castings 
so treated resist remarkably well subse- 
quent exposure to steam or marine 
atmospheres. 

Service performance and _ exposure 
tests show that in industrial and urban 
atmospheres magnesium alloys equal 
and often excel other structural metals 
with higher salt water resistance. Die 
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- Fic. 7.—Radiograph of Die Cast Dowmetal Airplane Wheel. oe 
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castings possess the best salt water 
resistance of the various forms of mag- 
nesium alloys, surpassing the same 
compositions in sand castings and 
wrought forms. The die-casting alloys 
listed in Table I are of approximately 
equal resistance. If material especially 
resistant to salt water is required, die 
castings can be made of Dowmetal 
M (magnesium with 1.2 per cent man- 
ganese). While this alloy is weldable, 


the properties are not high and its use 
is restricted to lightly stressed appli- 
cations. 


In order that more information may 
be available on the stability under dif- 
ferent conditions, the Society’s Com- 
mittee B-6 on Die-Cast Metals and 
Alloys is starting atmospheric exposure 
tests of four die cast compositions, as 


follows: 

1. A.S.T.M. Alloy No. 12 (see Table I) 

2. A.S.T.M. Alloy No. 13 (see Table I) 

3. Dowmetal EX (see Table I) 

4. Dowmetal H (6 per cent aluminum, 2.5 
per cent zinc, 0.15 per cent manganese, 
remainder magnesium. 


The last composition ordinarily is used 
for sand castings rather than die cast- 
ings, but was included in the test for 
comparative purposes. As mentioned 


Fic. 8.—Die_Cast!Dowmetal Baker’s Peel and Cake Pan. 


earlier in this paper, the high zinc 
content increases the hot shortness and 
would tend to limit the use of the alloy 
to rather simple die castings. The test 
bars will be exposed at ten testing sta- 
tions representative of all types of 
atmospheric conditions throughout the 
country. 


Finishing Methods: 


Several methods are available for 
finishing magnesium-alloy die castings, 
either for protection or decoration. As 
the usual paints do not adhere well when 


applied directly, some preliminary treat- 
ment ordinarily is necessary. Paint 
products, particularly primers, should 
be tested for their performance under 
the conditions of service. In addition 
to standard paint materials, the very 
large variety of novelty finishes all may 
be used to produce almost any desired 
effect. These include wrinkle finishes, 
crystallizing and veiling lacquers, flock 
finishes, metal effects, etc. — 

For indoor and ordinary outdoor 
service, most castings are treated with 
the chrome-pickle, applied either by 
the manufacturer or by the customer 
after machining. In the chrome-pickle 
treatment, the parts are dipped for 2 
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sec. at 120 F. in a solution containing 
1.5 lb. of sodium dichromate and 1.5 
pints of concentrated nitric acid per 
gallon. ‘The surface receives a light etch 
which promotes the adhesion of subse- 
quent paint finishes, while the coating 
imparts a considerable degree of salt- 
water resistance. 

Two alternatives exist for the use 
of the above treatment for indoor or 
ordinary atmospheric exposure. The 
first is the use of a special air dry primer 


Fic. 9.—Dowmetal Die Casting. Length 74 in. 


which has proved satisfactory when 
applied to bare or untreated metal. It 
is, however, rather slow drying. The 
second is the use of baking paint sys- 
tems which have shown good adhesion 
to bare metal and are particularly 
adapted to the finishing of large quan- 
tities of die castings for indoor service. 

For exposure to marine atmospheres, 
the casting after machining should 
receive the Dow No. 7 or No. 8 treat- 
ments, neither of which affects machined 
dimensions. The coatings produced im- 
Patt a high degree of salt-water re- 
‘stance to the complete system, in- 


cluding the paint coatings. The paint 
primer should be of the zinc chromate 
inhibitive type and should be followed 
by three finish coats of a synthetic 
resin enamel. Both treatments, No. 
7 and No. 8, are acceptable to govern- 
ment air services for the treatment of 
magnesium alloy die castings. 

Treatment No. 7 consists of a 5-min. 
dip in 15 per cent hydrofluoric acid 
followed by a 45-min. boil in a 10 per 
cent sodium dichromate solution. The 
die castings assume a dark gray to 
brownish-black finish. The process is 
included in Army Air Corp Specifica- 
tion No. 98-20010-A for the treatment 
of magnesium alloy parts for Army 
aircraft. 

Treatment No. 8 described below 
does not quite equal No. 7 in protective 
value in salt water. After a 5-min. 
dip in 15 per cent hydrofluoric acid, the 
parts are boiled 45 min. in a solution 
containing per gallon: 


Ammonium sulfate. ...... 4 oz. (3.0 per cent) 

Sodium dichromate. ...... 4 oz. (3.0 per cent) 

Ammonia (sp. gr. 0.880)... 4 fluid oz. (0.25 per 
cent) 


The coating is then sealed by boiling 
5 min. in a 1 per cent solution of arse- 
nous oxide. The coating is somewhat 
blacker than that produced by the No. 7 
treatment and this may be desired for 
certain applications. The treatment is 
acceptable for Naval aircraft parts, 
being covered by Navy Aeronautical 
Specification M-382. 

Another treatment of interest to users 
of magnesium die castings is Dow 
No. 6, in which. the parts are immersed 
in an autoclave for a short time in 10 
per cent caustic soda solution at 225 
psi. pressure and at approximately 
390 F. The oxide or hydroxide coating 
is dense, hard, and adherent. It may 
be dyed with a choice of colors ranging 
from neutral through yellow, brown, 
green, red, blue, or bronze, producing 
very attractive decorative effects. The 
treatment is recommended for parts 
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«Until recently, the electroplating of 
magnesium alloys was not considered 
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requiring protection and abrasion re- 
sistance in the unpainted condition, 
as for instance, the interior of aircraft 
carburetor parts. Exterior surfaces can 
be painted with a fair degree of adhesion 
using approved primers. 

The finishing of magnesium alloy die 
castings by buffing and polishing is not 
common due to the tendency of the 
metal to darken and tarnish. Where 
such finish is required, the polish may be 
preserved by the use of a lacquer espe- 
cially developed for the purpose. 


practical. However, some success has 
attended experimental efforts in this 
direction. It is quite possible that 
methods will be developed in the near 
future which will make the processes 
available for production use. 

In general, it may be said that the 
finishing of magnesium alloy die cast- 
ings does not involve any unusual prob- 
lems, in that treatments and materials 
are available for the vast majority of 
applications. 

APPLICATIONS 
The applications for magnesium alloy 


die castings naturally are those in 


which weight is an important factor. 
This will be understood when it is 
realized that aluminum is 50 per cent 
heavier, cast iron and zinc four times, 
and brass five times heavier than mag- 
nesium alloy parts of the same volume, 
The combination of the low specific 
gravity of 1.8 with the properties given 
in Table II indicates a strength-weight 
ratio unsurpassed among die-cast metals, 

The aircraft industry has made use 
of magnesium die castings for several 
years in such engine parts as rocker box 


Fic. 10.—Die Cast Dowmetal Aircraft and Portable Tool Parts. 


covers and shroud tube fittings and for 
instrument parts including some for 
the “automatic pilot.” Some of these 
are illustrated in Fig. 10. Conduit 
fittings and many other applications are 
being studied at the present time. In- 
terest in the whole field is indicated 
by the fact that Navy Aeronautical 
and Army Air Corps Specifications 
have recently been issued covering mag- 
nesium alloy die castings used in alf- 
craft. These specifications are respec 
tively, M-369 and No. 11319. 

The automobile industry has been 
slower to begin the use of magnesium 
alloy die castings because of the com 
petitive price situation. One large man 
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ufacturer, however, has a project under 
way at the present time using upward of 
6000 castings a day in generator and 
starting motor parts. 


Fic. 11. 


instruments (Figs. 10, 11, 12). Type- 
writer and other business machines, 
textile machines, and other automatic 
machinery all are users of magnesium 


Miscellaneous Dowmetal Die Castings 


Fic 12.—Die Cast Dowmetal Instrument Housings. 


Other applications in which weight is 
Significant in saving labor are vacuum 
cleaners, motion picture cameras, binoc- 
ular frames, instrument cases, goggle 
frames, portable tools and musical 


die castings (Fig. 13). Novel uses in 
the baking industry are the baker’s 
peel and the “angel food” cake pan 
shown in Fig. 8. 

As production experience is gained, 
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costs are being steadily reduced until 
in many cases the prices for magnesium 
alloy die castings are on a competitive 
basis. In other applications, competi- 
tion does not truly exist between mag- 
nesium alloys and other materials as 
the heavy weight of the latter elimi- 
nates them from consideration. 

A highly specialized form of die cast- 
ing is in the rotors for induction electric 
motors. The end rings and conductor 
bars through the steel laminations are 


number of such fastenings. Sharp in- 
terior angles should be avoided. Load- 
ing should be in line with the maximum 
ability to support the load: eccentric 
loading always brings undesirable stress 
concentration. These ideas are not 
new and apply to all materials, but are 
all too often forgotten in the drafting 
room. Intelligent design and careful 
machining will do much to eliminate 
troubles in service. 

In conclusion it may be said that 


Fic. 13.—Die Cast Dowmetal Typewriter Cover Plates. 


cast in place, making a strong, simple, 
and economical unit. Magnesium al- 
loys are used frequently, not for their 
light weight, but because it is possible 
to get certain electrical conductivities 
desired for high torque motors. 

The design of parts as magnesium 
alloy die castings does not involve 
radically new principles. Attention 
should be paid to details such as careful 
filleting of junctions, adequate support 
for rivets, bolts, or studs, and ample 


se 


magnesium-alloy die castings are just 
entering upon ever-broadening fields of 
service to industry. Alloys and finish- 
ing methods are adequate for almost 
all uses. Manufacturing methods are 
being constantly improved to the point 
where the product can compete unques 
tionably with other materials on a price 
basis. Numerous applications belong 
to magnesium alloys alone because of 
their unique combination of strength 
and light weight. 
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Two meetings of Committee B-7 on 
Light Metals and Alloys have been held 
during the past year: one in Atlantic 
City, N. J., on June 30, 1938, and the 
second in Columbus, Ohio, on March 6, 
1939. 

Several membership changes have 
been made since the 1938 annual meet- 
ing. members have submitted 
their resignations while two new mem- 
bers have been added, making no change 
in the total membership. Two com- 
pany representatives have also been 
replaced by new members. The mem- 
bership of the committee now totals 45, 
of whom 20 are classified as producers, 
15 as consumers, and 10 as general 
interest members. 


I, NEw TENTATIVE STANDARDS 


The committee submits for publica- 
tion as tentative the following three 
new specifications: 


Tentative Specifications for: 
Aluminum-Base Alloys in Ingot Form for 


just Die Castings, prepared in response to requests 

s of from die-casting manufacturers and users, 

\ish- Aluminum Alloy Ingots for Remelting 

nost (B 24-39 T), representing a revision of Stand- 
wl ard Specifications B 24, and 

. Aluminum for Use in Iron and Steel Manu- 

joint facture (B 37-39), representing a revision 

ues- of Standard Specifications B 37. 

orice II. Revisions OF TENTATIVE 

STANDARDS 

} 0 

- The committee recommends that the 


four uur tentative specifications listed below 


specifications were accepted as 


te Societ 
Stan _ ra appear in the 1939 Book of A.S.T 


ON 
LIGHT METALS AND ALLOYS, CAST AND WROUGHT 


be revised in accordance with the details 
shown in the Appendix, and continued 
as tentative. In all cases these revisions 
have been recommended in order to 
bring the specifications in line with 
present commercial practices. 


Tentative Specifications for: 

Aluminum-Alloy (Duralumin) Sheet and 
Plate (B78 36 T), 

Aluminum-Alloy (Duralumin) Bars, Rods, — 
and Shapes (B 89 — 36T), 

Magnesium-Base Alloy Ingot for Remelting 
(B 93-38T), and 

Aluminum-Magnesium-Chromium 
Sheet and Plate (B 109-36T). 


Alloy 7 


III. ADOPTION OF TENTATIVE STANDARD | 
AS STANDARD 


The committee recommends that the 
Tentative Specifications for Magnesium 
Ingot and Stick for Remelting (B 92 - 
36T)? be approved for reference to 
letter ballot of the Society for adoption 
as standard. These specifications have 
been published as tentative for three — 
years without revision, and review of 
present commercial practice indicates 
that no changes are likely to be neces- 
sary within the next few years. 


IV. WITHDRAWAL OF STANDARDS 


The committee recommends the with- 
drawal of the following two standard 
specifications® since these standards are 


hp ope Soc. Testing Mats., Vol. 36, Part I, 

p. 704 -_ also 1938 Book of A.S.T.M. Tentative Stand- 
ds, p. 

= “ B36 Book of A.S.T.M. Standards, Part I, pp. 524 

and 717. 


ic 
ot REPORT OF COMMITTEE B-7 > ae 
ng 
at 
| 


298 REPORT OF COMMITTEE B-7 


covered by new specifications now being num-Base Alloys in Ingot Form for Die B  ficatic 
proposed for publication as tentative: Castings which it has submitted for pub- agree! 
Standard Specifications for: lication as tentative. The subcom- tices 
mittee has also reviewed, in cooperation specif 
with interested representatives of vari- rials, 
Aluminum for Use in the Manufacture of US steel companies and standing com- chang 
Iron and Steel (B 37 — 26). mittees of the Society having jurisdiction for A 
specifications for iron 
The recommendations appearing in « ee and steel, the Shape 
this report have been submitted to letter Standard Specifications for Aluminum Plate 
pa for Use in the Manufacture of Iron and given 
TABLE I.—ANALYSIS OF LETTER BALLOT VOTE. Steel (B 37-26) and is recommending Sign 
that the specifications be replaced imme- tions } 
diately by new specifications which are the u: 
2 being submitted for publication a range 
—E | tentative. Subcommittee I expresses both 
igi? its appreciation of the cooperation given practi 
by the various steel companies in de- ficatio 
I. New TENTATIVE STANDARDS j 
veloping these new tentative specifica- for th 
Form § for Die C astings. 31 i 4 tions. used 
| In addition, the Standard Specifica- specif 
Steel Manufacture tions for Aluminum Ingots for Remelt- | 
ing (B 24-29) have been completely comp 
Revisions ov rewritten in the form of new tentative specifi 
Spec. for Al -Alloy (Dura- i i . 
pec. for Aluminum-Alloy (Dure- specifications to cover present commer to acc 
|o| 8 cial materials; the new specifications are the m 
Bars, Kods, to replace immediately the present tion o 
Spec. for Base ‘Alloy Standard B 24, mensi 
| | Subcommittee IT on Aluminum Alloy mende 
Chromium Alloy Sheet and Plate Castings (C. H. Greenall, chairman)— quotes 
8 Th dy of the eff 
III. Abortion oF TENTATIVE stu yo € effect o Variations Sub 
STANDARD AS STANDARD , the major elements and impurities on § Magn 
32 | the properties of aluminum-base alloys, man). 
IV. WITHDRAWAL oF STANDARDS being made by a subgroup of Subcom §  Tenta 
mittee II, has been continued. Pre- Ingot 
Spec. for Aluminum for Use in the liminary work is being confined to the 36T) 
Manufacture of Iron and Steel one 
5 per cent silicon and the 8 per cent revisic 
copper alloys. D. Basch, chairman o cate 
ballot of the committee which consists the subgroup, has also arranged for next { 
of 45 members; 36 members returned the organization of a subcommittee 0 me 
their ballots, with the results shown in the American Foundrymen’s Association a 
Table I. cooperate on this study. A question- 
naire requesting data is being prepared 
at the present time for circulating to a | 
Subcommitiee I on Aluminum and foundries. cata 
Aluminum Alloy Ingots (D. L. Colwell, Subcommittee III on Aluminum Alloy Base , 
chairman).—This subcommittee held Wrought Shapes (P. V. Faragher, chait- 8), 
one meeting during the year and com- man).—In order to bring the require- able y 
pleted the new Specifications for Alumi- ments of certain of the tentative spec merci 


fications for wrought shapes into closer 
agreement with present commercial prac- 
tices and with revised Government 
specifications for corresponding mate- 
rials, Subcommittee III is recommending 
changes in the Tentative Specifications 
for Aluminum-Alloy Bars, Rods, and 
Shapes (B 89 —- 36 T) and for Sheet and 
Plate (B 78 — 36 T and B109-—36T), as 
given in detail in the Appendix. 

Significant among these recommenda- 
tions is the removal of clauses restricting 
the use of scrap and specifying a closer 
range of permissible composition limits, 
both of which are in accord with the 
practice followed in Government speci- 
fications. There is no adequate means 
for the purchaser to supervise the metal 
used in producing material to these 
specifications, and since his concern is 
only that the material conform to the 
composition and mechanical properties 
specified, regardless of the means taken 
to accomplish that result, restriction of 
the material used is unnecessary. Dele- 
tion of the permissible variations in di- 
mensions for extruded shapes is recom- 
mended because the tolerances now 
quoted are not used by all producers. 
Subcommittee IV on Magnesium and 
Magnesium Alloys (J. A. Gann, chair- 
man).—In view of the fact that the 
Tentative Specifications for Magnesium 
Ingot and Stick for Remelting (B 92 - 
46T) have stood for three years without 
revision and commercial practice indi- 
cates no changes are probable within the 
next few years, this subcommittee has 
tecommended that the specifications be 
adopted as standard. 

One new die-casting alloy has also 
been recommended for addition to the 
Tentative Specifications for Magnesium- 
Base Alloy Ingot for Remelting (B 93 
8T). This alloy has found consider- 
able use in industry and is used com- 

mercially by several producers. Details 
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of these recommended changes are 
given in the Appendix. | 
Subcommittee V on Testing Light 
Metals (R. L. Templin, chairman).—_ 
This subcommittee has continued to 
cooperate with the Section on Effect a 
Speed of Testing of Committee E-1 on — 
Methods of Testing. Specimens of two 
magnesium-base alloys and two alumi- 
num-base alloys have already been 
supplied for these tests by the Dow 
Chemical Co., National Smelting Co., 
and Aluminum Company of America. 
Information has been received to the 
effect that the light alloy part of the 
program is to be initiated shortly. 
Subcommittee VI on Anodic Oxidation 
of Aluminum and Aluminum Alloys (T. : 
S. Fuller, chairman).—The Subgroup on 
Methods of Testing Anodic — 
has continued its investigations of meth- 
ods for determining various character- 
istics of such coatings. A new indirect 
method of determining the thickness of | 
these coatings by weight per unit area, 
developed by the Aluminum Research | 
Laboratories, has been submitted to 
members of the committee for test. A 
method of testing the sealing character- 
istics of oxide coatings has also bene. 
submitted to the committee for trial. 
The determination of the abrasive 
resistance of these coatings is being given | 
further attention, this work being facili-. - 
tated by the availability of abrasimeters, 
as recommended by the subcommittee, 
to the three members of the subgroup. 
Some tests have also been made by a 
manufacturer of a rotating wheel ab- 
rasimeter, but careful examination of 
these data by the subcommittee has led 
to the conclusion that this instrument 
will not be as useful as the abrasimeter 
using an abrasive air-blast. The results 
obtained with this rotating wheel ab- 
rasimeter appeared to suffer from the 
same inconsistencies that have been 
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observed in earlier tests made with in- 
struments of this type. 

Subcommittee VII on General Infor- 
mation and Publicity (E. H. Dix, Jr., 
chairman).—This subcommittee has 
given consideration to the question of 
revising the Report on Service Char- 
acteristics of the Light Metals and Their 
Alloys, published in 1934.4 A majority 
opinion has been returned which does 
not favor revision or continuation of this 
report. The fact that this information 
is now available from many other 


* Proceedings, Am. Soc. Testing Mats., Vol. 34, Part I, 
p. 277 (1934); also issued as separate publication. 


sources has been cited as not justifying 
further work by the committee. 


This report has been submitted to 
letter ballot of the committee which 
consists of 45 members; 36 members 
returned their ballots, all of whom have 
voted affirmatively. 


Respectfully submitted on behalf of 
the committee, 
Sam Tour, 


Chairman, 
H. J. Rowe, 


Secretary. 


EDITORIAL NOTE 


Subsequent to the annual meeting Committee B-7 presented to the 
Society through Committee E-10 on Standards the following recommend- 


ations: 


Proposed Tentative Specifications for Aluminum-Manganese Alloy Sheet 
and Plate for Use in Welded Pressure Vessels (B 126 —- 39 T), and 

Proposed Revision of Tentative Method of Test for Dielectric Strength 
of Anodized Aluminum (B 110 — 38 T). 

These recommendations were accepted by Committee E-10 on August 
24, 1939, and the new and revised tentative standards appear in the 1939 


Book of A.S.T.M. Standards, Part I. 
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In this Appendix are given proposed 
revisions in certain tentative specifi- 
cations covering light metals and alloys 
which are referred to earlier in this re- 
port. In connection with each title is 
given the reference to the publication in 
which the specifications appear in their 
present form. 


Tentative Specifications for Aluminum- 
Alloy (Duralumin) Sheet and 
Plate (Aluminum-Copper-Magne- 
sium-Manganese) (B 78 — 36 T):! 


Section 1.—Change from its present 
form: namely, 


1. No scrap shall be used in the manufac- 
ture of aluminum-alloy (duralumin) sheet and 
plate except such as shall accumulate at the 
manufacturer’s plants from material of similar 
composition and of his own manufacture. 


to read as follows: 


1. This material shall be produced in ac- 
cordance with good commercial manufacturing 
practices and from metal which will permit 
compliance with the chemical composition and 
mechanical property limits prescribed in these 
specifications. 


Section 2.—Change from its present 
form: namely, 


Aluminum, min., per cent........ 92 
Copper, per cent................ 3.5 to 4.5 
Magnesium, per cent............ 0.2 to 0.75 
Manganese, 


to read as follows: 


, | Proceedings, Am. Soc. Testing Mats., Vol. 36, Part 
*: PP. 690, 680 (1936); also 1938 Book of A.S.T.M. Tenta- 


We Standards, pp. 301, 290. _ 


PROPOSED REVISIONS IN STANDARDS FOR LIGHT METALS 
AND ALLOYS 


Minimum Maximum 

Aluminum, per cent by 

Copper, per cent.......... 3.5 
Magnesium, per cent..... 0.75 
Manganese, per cent....... 0.4 1.0 
1.0 
Silicon, per cent........... 0.75 
Chromium, per cent........ ... 0.25 
Other elements, each, per 

Other elements, total, per 

0.10 


Nore.—Analysis shall regularly be made only 
for the elements specifically mentioned in the 
above table. If, however, the presence of other 
elements is suspected, or indicated in the course 
of routine analysis, further analysis shall be 
made to determine that they are not present in 
excess of the amount specified. 


Section 4.—Change the table of me- 
chanical properties for “heat-treated” 
and “rolled-after-heat-treating” tempers 
from its present form to read as shown 
in the accompanying Table I. 


TABLE I. 
&- ag 
ickness, “3 as 

22 | | lee 

|e 

0.010 to 0.020 | 55 000| 32000! 15 | 3 

||0.021 to 0.040 | $5000 | 32000| 17 | 3 

0.041 to 0.128 | 55 000 32.000 | 18 | 4 

0.129 to 0.258 | 5§ 000! 32000! 15 | 6 

Heat treated . | {0.259 to 0.500 | 55 000 | 32000 | 12 


0.501 to 1.000 000 | 32000, 10 
to 1.500 | $5 000 | 32.000 | 9 


1501 to 2.000 | $2,000 | 32 000 
2:001 to 3.000 | 50.000 | 32000 6 
0.020 to 0.031 | $$ 000| 42000| 10 | 3 
Rolled after ||0.032 to 0.040 55.000 | 42000| 11 i 
0 | 4 
5 


heat treat- 40.041 to 0.064! 55 000| 42000! 12 
||0.065 to 0.128 | 55.000 | 42000| 12 
|(0.129 to 0.188 | 55 000 | 42 000 
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Tentative Specifications for Aluminum- 
Alloy (Duralumin) Bars, Rods, and 

Shapes (Aluminum-Copper-Magne- 
sium-Manganese) (B 89 — 36 T):! 


Title.—Change the title by the addi- 
tion of the word ‘‘Wire” to appear after 
“Rods.” 


Section 1. 
form: namely, 


Change from its present 


1. No scrap shall be used in the manufac- 
ture of the material except such as may accu- 
mulate in the manufacturer’s own plants from 
material of similar composition and of his own 
manufacture. 


to read as follows: 


1. This material shall be produced in ac- 
cordance with good commercial manufacturing 
practices and from metal which will permit 
compliance with the chemical composition and 
mechanical property limits prescribed in these 
specifications. 


Section 2.—In the table of chemical 
composition requirements appearing in 
this section make the same change as 
recommended above in Tentative Speci- 
fications B 78 — 36 T. 


Table I.—In the heading of this 
table add the word “Wire” after the 
word “Rods.” For rounds, squares, 
hexagons, and octagons in sizes 3.001 
to 8.000 in. in diameter or distance 
across flats, change the minimum yieid 
strength requirement from ‘28,000 psi.” 
to read “‘30,000 psi.’’; also for rectangular 
sections, 0.751 to 3.000 in. in thickness, 
change the minimum yield strength 
requirement from ‘28,000 psi.” to read 
“30,000 psi.” 


Table III.—Delete the permissible 
variations for “Shapes, Extruded” and 
add a note to read as follows: 


Note.—The permissible variations on the 
dimensions of shapes produced by extrusion 
shall be as agreed upon between the manu- 
facturer and the purchaser. 


Tentative Specifications for Magnesium. 
Base Alloy Ingot for Remelting 
(B 93 38T)22 


Section 1.—Change the third sentence 
to read as follows by the addition of the 
italicized word and figure and the omis- 
sion of the word in brackets: 

[Thirteen] fourteen alloys are specified and 
are designated alloys Nos. 1, 2, 3, 4, 6, 7, 8 
9, 11, 12, 13, 14, 15, and 16 (Note 2). 

Seciion 3.—Add to the table of chem- 
ical composition requirements, _ alloy 
No. 13 having the following chemical 


requirements: 


Aluminum, per cent................ 8.5 to9.5 
Manganese, min., per cent.......... 0.15 
Commer, per CON. 0.04 
Other impurities,* max., percent.... 0.3 


@ Nickel, max. 0.02 per cent. 


Tentative Specifications for Aluminum- 
Magnesium-Chromium Alloy Sheet 
and Plate (B 109 — 36 T) :* 


Section 2.—Change from its present 
form: namely, 


2. No scrap shall be used in the manufacture 
of aluminum-magnesium-chromium alloy sheet 
and plate except such as shall accumulate at the 
manufacturer’s plants from material of similar 
composition and of his own manufacture. 


to read as follows: 


2. This material shall be produced in ac 
cordance with good commercial manufacturing 
practices from metal which will permit comp! 
ance with the chemical composition and me- 
chanical property limits prescribed in these 
specifications. 


Section 3.—Change the second set- 
tence of Note 1 following the table o 
chemical composition requirements 1 
read as follows by the addition of the 


2 Proceedings, Am. Soc. Testing Mats., Vol. 38, a 
I, p. 662 (1938); also 1938 Book of A.S.T.M. Tentati 
Standards, p. 328. y f Patt 

3 Proaiinn. Am. Soc. Testing Mats., Vol. 36 a 
I, p. 699 (1936); also 1938 Book of A.S.T.M. Tentat! 


Standards, p. 311. 
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italicized words and the omission of 


ng those In brackets: Temper Thickness, in. —_ on 
If, however, the presence of other elements is - arent 
ice suspected, or indicated in the course of routine "| — — 
h analysis, further analysis shall be made to. de- | 
ne termine that [the total of these other elements ey 1.000 to 2.000 | 31 000 min. 9 
S- is] they are not present in excess of the [limits] 7 ay 
omount specified [in Section 3}. Explanatory Notes.—Change Note 2 
- Section 5 (b).—Change from its pres- from its present form to read as follows: 
8, ent form: namely, Note 2.—Aluminum-chromium-magnesium 
(b) Plate.—Unless otherwise specified, plate alloy in thick- 
in thicknesses 0.250 in. and over shall be sup- d ‘ fied 
loy plied as rolled (see Explanatory Note 2) and Guckness. 
if, . : Because of the cooling during the rolling 
ical tension tests shall not be required. If so spec- th 
ified, plate shall be supplied in the soft temper th 
in thicknesses from 0.250 to 3.000 in., in which y h nd 
nder case the tensile strength shall not exceed 31,000 th f A = 
9.5 psi. and the elongation shall not be less than temper 
b P ; thicknesses up to § in. the mechanical prop- 
5 20 per cent in 2 in. . 
0.9 erties average around those of the quarter- 
m to read as follows: hard to half-hard tempers. The yield strength 
) in these thicknesses is at least 50 per cent greater 
3 (b) Plate.—Unless otherwise specified, plate than that of the soft temper. The tensile 
in thicknesses 0.250 to 3.000 in. shall be sup- strength of plate in the soft temper is usually 
plied as rolled (See Explanatory Note 2) and somewhat higher than that of annealed sheet; 
um- tension tests shall not be required. If so itis regularly not less than 26,000 psi. and aver- 
beat specified in the purchase order, plate shall con- ages about 31,000 psi.; its yield strength is not 
form to the following mechanical properties for _less than 10,000 psi. and averages about 13,000 
the temper as specified. —— psi. — 
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REPORT OF JOINT COMMITTEE 
ON 
ON THE NON-FERROUS METALS 


INCLUDING A Few TESTS ON STEEL 


EXPOSURE TESTS OF PLATING 


Introduction: tion. The extensive experience of 


This report summarizes the conclu- 
sions reached by the Joint Committee on 
the exposure tests started in 1936 and 
1938. The details regarding the base 
metals and coatings are contained in 
the previous reports of this committee.! 
The details of the investigation will be 
published as a Research Paper of the 
National Bureau of Standards. 

During the coming year the committee 
hopes to prepare specifications for plated 
coatings on non-ferrous metals, es- 
pecially brass and zinc-base die castings, 
based upon these exposure tests and 
upon experience of producers and users. 
Drafts of such specifications will be 
submitted to the cooperating societies 
through their appropriate committees. 


Coatings on Steel: 


Electroplated and Hot-Dipped Zinc 
Coatings.—In the National Bureau of 
Standards Research Paper 867, published 
in 1936, it was concluded that in indus- 
trial locations (New York and Pitts- 
burgh) electroplated and_hot-dipped 
zinc coatings of the same thickness 
furnished about the same protection 
against corrosion of the steel. Sub- 
sequent observations show that at 
Sandy Hook, N. J., and Washington, 
D. C., the hot-dipped steel exhibited, 
after about 4} yr., numerous reddish 
yellow spots, while the zinc-plated steel 
showed only a uniform dark discolora- 


1 Proceedings, Am. Soc. Testing Mats., Vol. 36, Part I, 
p. 212 (1936), also Vol. 38, Part I, p. 250 (1938). 


A.S.T.M. Committee A-5 on Corrosion 
of Iron and Steel with hot-dipped coat- 
ings shows that these fine spots are the 
result of corrosion of the iron-zinc alloy 
layer. Continued exposure will be nec- 
essary to learn whether there is any 
appreciable difference between plated 
and hot-dipped zinc in ability to protect 
the steel itself against corrosion. 
Nickel and Chromium Coatings.—The 
supplemental tests fully confirmed the 
earlier conclusion that the total thick- 
ness of nickel (plus copper) is the largest 
single factor in the protective value of 
the coatings. Under severe conditions, 
a layer of copper between two layers of 
nickel has a detrimental effect in coatings 
with a total thickness up to 0.001 in. 
Somewhat thicker coatings of chro- 
mium than the customary 0.00002 in. 
over copper plus nickel on steel increase 
the protective value in severe locations. 
The absence with thick chromium de- 
posited on steel of the serious cracking 
that was observed especially on brass is 
probably caused by the presence of 
thicker nickel coatings on the steel than 
on the brass. There is no apparent 
reason to limit the maximum thickness 
of chromium over nickel on steel. 
There is very little difference in the 
protective value of similar coatings 0 
cold-rolled steel, spring steel, and cast 
iron. On one lot of cold-rolled steel, 
typical coatings yielded about 10 pet 
cent better protection against corrosion 
than the average and there was som 
— less tendency for blistering. Fur 
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ct On Exposure TESTS OF PLATING ON NON-FERROUS METALS 


ther studies that have been planned 
may show wider variations in the be- 
havior of different kinds of steel. 

The average protection afforded by 
bright nickel deposits from four pro- 
prietary baths was about the same as 
that yielded by dull nickel. This and 
subsequent conclusions in this report 
regarding bright nickel apply only to 
the solutions that were available for 
this study in the spring of 1938 and not 
necessarily to any solutions developed 
since that time. 


Coatings on Copper and Brass: 


Chromium coatings 0.0002 in. thick 
applied directly to copper on brass, or 
even to 18 per cent nickel-brass, fur- 
nished very little protection against 
corrosion, even in mild locations. 

An increase in the thickness of nickel 
from 0.00005 in. to 0.001 in. (followed 
by 0.00002 in. of chromium) produced a 
continuous increase in protective value. 
Approximately the same protection is 
furnished by 0.0002 in. of nickel on brass 
as by 0.00075 in. of nickel on steel. 

Such variations as anodic etching of 
the brass, the use of a copper strike 
before the nickel, or the use of air agita- 
tion or of a low pH in nickel deposit, had 
no appreciable effects on the protective 
value of the coatings. The average 
protective value of four proprietary 
bright nickel deposits was about the 
same as that“of dull nickel. 

When the thickness of chromium 
over 0.0002 in. of nickel on brass ap- 
preciably exceeds 0.00003 in., there is a 
decided tendency on exposure for cracks 
'o form and corrosion to occur. For 
such coatings it may be expedient to 
specify a maximum as well as a mini- 
mum thickness of chromium. 

About the same protection was ob- 
tained with similar coatings on copper, 
tolled high- and low-brass, cast high- 


and low-brass, extruded brass, and cast 
and rolled 18 per cent nickel-brass. 


Coatings on Zinc and Zinc-Base Die- 
Castings: 


coatings 0.0001 in. thick furnished little 
protection against corrosion, even in 
mild locations. 

Very little protection was afforded by 
less than 0.0003 in. of nickel. Increas- 
ing the thickness of nickel (plus copper) 
up to 0.002 in. produced a continuous 
increase in protection. About as much 
protection was afforded by 0.0005 in. 
of nickel on zinc as by 0.00075 in. of 
nickel on steel. 

In coatings with a total thickness up 
to 0.0005 in., a layer of copper increased 
the tendency for blistering, and failed 
to increase the protective value above 
that furnished by the nickel layer that 
was a part of the composite coating. 
With a greater total thickness, the 
copper layer added to the protective 
value of the nickel. The use of copper 
may be justified by the fact that it is 
difficult to produce satisfactory coatings 
of nickel more than 0.0003 in. thick 
directly on zinc, on articles of irregular 
shapes. 

There was no marked} difference in 
the behavior of “high-sulfate” nickel 
coatings and “duplex” nickel coatings 
of the same total thickness. (Practi- 
cally, on miscellaneous articles, high- 
sulfate deposits over 0.0003 in. thick 
are likely to crack.) There was no 
consistent difference in the value of 
plain nickel and bright nickel coatings 
from four proprietary baths applied 
at the National Bureau of Standards 
and from three proprietary baths in 
commercial plants. 

The application of relatively thick 
chromium coatings (up to 0.00005 in.) 
over 0.0005 to 0.00075 in. of nickel 


The direct applications of sd ile 
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(plus copper) on zinc showed no ex- 
cessive cracking (such as was observed 
over thinner nickel coatings on brass). 
The coatings on rolled zinc were slightly 
superior to those on die castings Nos. 
XXI and XXIII, which latter were 
about equal. 


Effects of Cleaning: 


The above conclusions are all based 
on the appearance after continuous ex- 
posure for periods from 8 to 27 months, 
with no cleaning or other treatment. 
A few specimens were cleaned after 
1 yr. exposure to observe better the 
condition of the coatings. In general 
this cleaning improved the appearance, 
but after a few months any original 
evidences of corrosion reappeared. The 
fact that the appearance of plated brass 
specimens was improved by cleaning 
more than was that of steel or zinc indi- 
cates that any corrosion of brass through 
pores is more superficial than that of 
steel or zinc under similar conditions. 
This partly accounts for the common 
use of thinner nickel coatings on brass. 


REPORT OF JOINT COMMITTEE _ 


Effect of a Grease Film: 


The fact that many exposed plated 
parts of automobiles are frequently 
treated with grease or wax prompted 
an investigation in which a thin layer 
of petrolatum (about 0.000005 in. thick) 
was applied to a number of the speci- 
mens by treating them with a 2 per cent 
solution of petrolatum in petroleum 
spirits. The results showed that in 
general the grease film improved the 
protection, but that very poor coatings 
were still inferior and such a treatment 
is no panacea for poor plating. Ina 
few cases, especially in marine locations, 
specimens with the grease film actually 
corroded more rapidly, possibly because 
they retained salt in the dust adhering 
to the grease. While grease or wax is 
usually advantageous for plated coat- 
ings exposed outdoors, it should not be 
counted upon to justify inferior plating. 


Respectfully submitted on behalf of 
the Joint Committee, 
W. Bum, 
Chairman. 
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t in Although Committee C-1 on Cement 


held two very well-attended meetings 
during the year, one of which extended 
through two days, its accomplishments 
have been disappointingly few. One 
reason for this was due to the unfortu- 
nate inability to secure standard sand for 


ause B cement testing purposes during a rather 
ering extended period. This necessitated 
ax is holding in abeyance certain contem- 


plated investigations until it became 
evident that a continuous supply of 
sand would be available. When assur- 
ance of a renewed supply was at hand 
it was too late to permit of obtaining 
results for reporting this year. It must 
be confessed, however, that the com- 
mittee has shown considerable evidence 
of its having become a little “over- 
trained.” Having shown rather marked 
activity for several years, it inevitably 
happened that a time would arrive 
which would be marked by a striking 
break in productiveness. This time oc- 
curred during the past year. 


Standard Sand: 


Going back to the period before the 
gin of this Society, a standard sand 
lor testing cement was developed by 
the American Society of Civil Engineers 
nd prepared by the Ottawa Silica Co. 
' Ottawa, Ill. When the preparation 
‘standards for the purchase and meth- 
ds of testing cement was given over by 
that Society to the American Society 
for Testing Materials, the same sand 
Was specified as prepared by that com- 
pany. In more recent years one of the 
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CEMENT 


standards has been slightly changed in — 
that it does not demand that a sand 
produced by the above-mentioned com- 
pany must be used. However, sand 
from Ottawa, Ill., is required. The 
Ottawa Silica Co. remained the sole 
producer of this necessary material. 


During the past year a protracted 
strike exhausted the supply of this 
company and the supplies of most of - 
the users of the sand. For a while some 
few were testing cement with sands more 
or less hastily correlated with the stand-— 
ard Ottawa product. This unforeseen 
occurrence impressed the committee 
with the precarious situation which exists 
as the result of having but one source 
of supply. It is recognized that remu- 
neration from marketing the sand is 
small, largely because the demand is 
small, and that creating more sources 
will further reduce the attractiveness 
from a business viewpoint. It is also 
recognized that the purchasing of cement 
according to the Society’s standards may 
be thrown into a chaotic state through 
the failure of one source. The commit- 
tee is therefore giving this matter con- 
siderable thought. In the meantime it 
is continuing its development of a more 
truly plastic mortar than that indicated 
in the Society’s Tentative Method of 
Test for Compressive Strength of Port- 
land-Cement Mortars (C 109 — 37 T). 
In this study, in addition to making 
2-in. cubes of mortar as specified in 


1 Proceedings, Am. Soc. Testing Mats., Vol. 37, Part I, 
p. 726 (1937); also 1938 Book of A.S.T.M. Tentative 
Standards, p. 476. 
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Tentative Method C 109, cubes will also 
be made of the same type of pebble 
mortar referred to in the 1938 report,’ 
and of a synthetic sand graded so as 
to conform somewhat to the sand now 
specified in the German standards. : 


Fineness: 


The wide use of the Society’s Tenta- 
tive Method of Test for Fineness of 
Portland Cement by Means of the 
Turbidimeter (C 115 — 38 T) brought for- 
ward a number of suggested changes. 
The Working Committee on Fineness 
(E. W. Reed-Lewis, chairman) has these 
under consideration. This committee 
also has originated some studies of the 
relative water retaining capacity and 
bleeding of cements. These character- 
istics of a cement are apparently closely 
related to its fineness. 

In the investigation of bleeding, sev- 
eral test procedures have now been 
selected for preliminary study; these 
embrace the use of (1) cement-water 
grouts, (2) standard sand mortars, and 
(3) pebble concretes. In each case, the 
procedure is designed to yield values 
that may be expressed in terms of rela- 
tive water capacity of the cement, 
rather than in terms of the amount of 
“water gain” or “bleeding” that results 
from the use of one or more arbitrary 
cement-water ratios. 

With the cooperation of the Working 
Committee on Plastic Mortar Tests 
(O. L. Moore, chairman), plans have 
been made to study these selected test 
procedures in a group of laboratories, 
by applying them to five cements that 
have been chosen to cover a wide range 
in relative water capacity. 

These cooperative studies should af- 
ford an indication of the concordance of 
results obtainable by. the several test 
methods, and it is hoped that they will 


2 Proceedings, Am. Soc. Testing Mats., Vol. 38, Part I, 
p. 267 (1938). 
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also throw some light on the question 
of the practical significance of these 
results in relation to the design of non. 
bleeding concretes. 

When these preliminary studies of test 
methods have been accomplished, this 
Working Committee proposes to direct 
its attention towards determining some 
of the major factors that influence the 
relative water capacities of cements, and 
to consideration of the scope of further 
studies that may appear necessary in 
establishing the relation of relative 
water capacity to other significant prop- 
erties of cement and concrete. 


Volume Changes: 


The committee’s vote on the proposed 
Method of Test for Autoclave Expansion 
of Portland Cement* prepared by the 
Working Committee on Volume Change 
and Soundness was favorable and hence 
it is being submitted to the Society at 
this meeting for publication as tentative.’ 
The publication of this tentative method 
will enable those interested in making 
autoclave tests of portland cement to 
follow a uniform method of test facili- 
tating the direct comparison and evalu- 
ation of results obtained by different 
laboratories. 

In order to obtain additional infor 
mation on different methods of making 
soundness tests, an outline of the various 
tests that have been suggested has been 
prepared and submitted to many of the 
members of Committee C-1 who make 
routine tests of cement. A number 0 
laboratories have agreed to cooperate 
by using several of the different type 
and brands of cement which they may 
have occasion to test in connection with 
their normal routine of cement testing 
It is desirable that cements exhibiting 4 


of penne: Am. Soc. Testing Mats., Vol. 38, Part I 
p. 297 

4 The proposed tentative method was not Ad 
the Society at the annual meeting, see Summary of 
ceedings, p. 25.—Eb. 
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wide a range in characteristics and auto- 
clave expansion as possible be used and 
particularly that any cements encoun- 


" tered which show autoclave expansions 
test | of 1 per cent or more be included. An 
this | outline of the tests is appended to this 
rect report. 
ome The Working Committee has under 
the | consideration the study of existing data 
and @ onshrinkage tests of cement with partic- 
ther | ular reference to the factors which influ- 
y in § ence shrinkage and the rate and degree 
itive | of shrinkage encountered with different 
rop- types of cement. One of the objects of 
this study will be to develop, if possible, 
aconvenient method of test for evaluat- 
ing the shrinkage characteristics of dif- 
osed fg ferent types of cements when tested 
nsion @ one and in mortar and concrete. 
; the Time of Set: 
ste It is realized that the present methods 
ty at & for time of set are crude and that these 
tive! tests reveal only a small part of the 
ethod ‘sired information about the early 
aking § ‘tifiening and hardening of cements. 
nt to @ furthermore, cooperative tests, partic- 
facili: vlarly the one conducted recently by the 
svalu- Cement Reference Laboratory, show 
ferent @ ‘hat the variations in the results of 
etting time tests are greater than are 
infor {ound in any other physical test. 
raking The committee has given thought to 
arious @ ther types of tests for early stiffening 
s been @ “0d hardening, particularly compression 
of the § ‘sts conducted on mortars at very early 
make (beginning at the time of initial 
ber of &@ *t). One laboratory has done con- 
perate siderable work toward developing this 
types ype of test and arrived at results which 
y may appeared very promising. Comparative 
yn with @ ‘Sts among two laboratories, however, 
resting. chowed that additional refinements must 
ting as made. 

It seems to be a foregone conclusion 
ys, patl ‘hat any test for time of setting, in 
cepted by to give dependable results, will 
ry of Pro 


require even closer control of conditions 
aid manipulations than most of the 
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other physical tests, because of the fact 
that the physical properties of the 
cement are changing very rapidly at the 
time the test is performed. 

At the spring meeting of the com- 
mittee, the elimination of the require- 
ment for final time of setting from the 
Standard Specifications for High-Early- 
Strength Portland Cement (C 74 — 38)° 
was approved for reference to letter 
ballot. The committee accordingly rec- 
ommends the following revision in these 
specifications and asks for the necessary 
nine-tenths vote at the annual meeting ~ 
in order that this modification may be 
referred to letter ballot of the Society: 


} 


Section 3.—Change to read as follows 
by the omission of the sentence in 


brackets: 
3. The cement shall not develop initial set in 


less than 45 min. when the Vicat needle is used 
or in less than 60 min. when the Gillmore 
needle is used. [Final set shall be attained 
within 10 hr.] 


‘ Chemical Analysis: 


A report of the Working Committee 
on Methods of Chemical Analysis (W. C. 
Hanna, chairman) for cements is ap- 
pended hereto. The report speaks for 
itself in indicating the marked activity 
of this Working Committee. As a re- 
sult of its recommendations, the Society 
is being asked at this time to accept as 
tentative two alternate methods for the 
determination of “free lime” in portland — 
cement and a method covering the order 
and manner of reporting results of chem- 
ical determinations. = 


Cement Standards: 


As mentioned above, the committee is 
recommending the deletion of the require- 
ment for final time of setting from the 
Standard Specifications for High-Early- 
Strength Portland Cement (C 74 -38).5 
Since these specifications contain a 
24-hr. strength requirement, it has 


$1938 Su A.S.T.M. Standards, 


51938 Supplement to Book of 


p. 97 


be 
jon 


Cement Reference Laboratory: 
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been felt for some time that the fact 
that any cement which would have 
hardened sufficiently at 24 hr. to pass 
the strength requirement was sufficient 
evidence that it had a normal final set 
and hence the test for final set was not 
necessary. After much discussion this 
change is recommended. 

The Working Committees on Low 
Heat Cements (G. A. Beckett, chairman) 
and on Blended Cements (R. E. Roscoe, 
chairman) have continued their work in 
developing standards but are not yet 
in a position to present any for approval. 

No changes are offered in the Stand- 
ard Specifications for Portland Cement 
(C 9 — 38) nor in the Tentative Specifi- 
cations and Tests for Masonry Cements 
(C 91 — 38 T). 

The specific gravity determination 
long ago dropped from the portland 
cement specifications is now being used 
in studies of concrete. On that account 
the committee is submitting a revision 
of the former method for determining 
the specific gravity of cement.® The 
committee recommends this method for 
immediate inclusion in the Standard 
Methods of Sampling and Testing Port- 
land Cement (C 77 — 38)’ and accord- 
ingly asks for the necessary nine-tenths 
vote at the annual meeting in order 
that this recommendation may be re- 
ferred to letter ballot of the Society. 


The sixth tour of inspection of cement 
testing laboratories is now well under 
way and should be about completed 
during this calendar year. Close to 300 
laboratories will have been visited when 
the tour is over. In the report of the 
committee appended hereto further in- 
formation regarding its work is given, 

6 This method was adopted as standard by the Society 
and incorporated in the Standard Methods of Sampling and 
Physical Testing of Portland Cement (C 77-39), 1939 
Book of A.S.T.M. Standards, Part II. 


71937 and 1938 Supplements to Book of A.S.T.M. 
Standards. 
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as well as a tabulation of results ob. 
tained from 161 laboratories which co- 
operated in carrying out physical tests 
and chemical analyses of a sample of 
cement according to the Society’s stand- 
ard procedure. 

The results of this have been before 
the committee for some time and have 
been the subject of much discussion, 
It is believed that such cooperative work 
is of sufficient value to justify its con- 
tinuation. Accordingly, annually two 
samples will be distributed to all labo- 


TABLE I.—ANALYSIS OF LETTER BALLOT VOTE 


Items 


Ballots Marked 
**Not Voting”’ 


Affirmative 
Negative 


I. New TENTATIVE STANDARD 


Method of Test for Autoclave Ex- 
pansion of Portland Cement.*. | 52 


II. REvis1on oF TENTATIVE 
STANDARD 


Method of Chemical Analysis of 
Portland Cement (C 114 — 38 T), 
new alternate methods for de- 
termining free calcium oxide in 


III. REvIsIons OF STANDARDS 
Specifications for High-Early- 
Strength Portland Cement 
(C 74 - 38), immediate deletion?” 
of final setting time requirement..| 45 12 
Methods of Sampling and Testing 
Portland Cement (C 77 - 38), 
immediate addition: 
Test for specific gravity...........| 61 0 
Order and manner of reporting 
chemical determinations......... 55 1 Il 


@ The classified vote on the proposed Tentative Method 
of Test for Autoclave Expansion of Portland Cement was 
as follows: Affirmative: 30 producers, 15 consumers, 7 get 
eral interests; negative: 4 producers, 3 consumers, 5 get 
eral interests. The recommendation for publication 
tentative of this method failed of approval at the annual 
meeting of the Society, see Summary of Proceedings, p.” 

» The classified vote on the adoption of the proposed 
revision of the Standard Specifications for eg 
Strength Portland Cement (C 74 - 38) was as follows: A 
firmative: 29 producers, 12 consumers, 4 general interests 
negative: 3 producers, 4 consumers, 5 general interests. 


ratories which may be interested. ne 
of the samples will be for chemical 
analysis alone while about six months 
after the distribution of this sample 4 
second one will be distributed for both 
chemical analysis and physical testing: 
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ob- Addition to Cements: RECOMMENDATIONS AFFECTING 
Co- It will be noted from the appended STANDARDS 
“ report of the Committee on Tests of The recommendations appearing in 


Additions to Cement (C. H. Scholer, this report have been submitted to 


chairman) that as a result of the revision letter ballot of the committee, which 
f of the Society’s standard for normal Consists of 83 voting members; 68 mem- 
tore , tae bers returned their ballots, with the 
ave portland cement by which the addition, ' 
results shown in Table I. 
sion. subject to calcination, of materials other 
work than calcium sulfate and/or water is This report has been submitted to 
con- yermissible under certain conditions, letter ballot of the committee, which | 


consists of 83 voting members; 77 mem- 
bers returned their ballots, of whom 71 
have voted affirmatively and 0 nega- 
tively. 


two B Committee C-1 through the Cement 
Reference Laboratory is carrying out 
yore. | tests prescribed by the Committee on 
Additions on a material known as TDA, 
produced by the Dewey & Almy Chemical 
Co. of Cambridge, Mass. ‘Tests pre- 
viously carried out on this material 
in high-early-strength cements showed [, W. WALTER, 


itnottobe harmful. = == Secretary. 


Respectfully submitted on behalf of 


the committee, 
P. H. BATEs, 
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- OUTLINE OF COOPERATIVE STUDIES OF VARIOUS TYPES OF 
| SOUNDNESS TESTS 


SPONSORED BY WoRKING COMMITTEE ON VOLUME CHANGE AND SOUNDNESS 

- PROCEDURE FOR MAKING TESTS: in the outline given in the accompanying 
_ table from the same batch. 

Mold the 1 by 1 by 11}-in. neat bars 

in group 1 in accordance with the pro- 

posed Tentative Method of Test for 


Preparation of Test Specimens: 


Mix a neat cement paste or a 1 to 3 
standard sand mortar of normal con- 


Number of Specimens 


Water 
Content 
(Consis- 

tency) 


Kind of Specimen 


| From Same 
| Batch 
Number of 
Batches 
Total Each 
Cement 


A.S.T.M. 
Normal 


| 
| 


1 by 1 by 11}-in. 
bar of neat ce- 
ment 
Same as Group 1, 
Neat cement pat 


1 day 
| Moist Air 


5 hr. Autoclave 
(3 hr. at 420 F.) 


wt for method of molding specimen*. 
A.S.T.M. 1 day 5 hr. Autoclave 
Moist Air | (3 hr. at 420 F.)° 
1 day Standard A.S.T. 
Moist Air 


Length change 


Unsoundness® 
Normal 
A.S.T.M. 
Normal 


Neat cement pat Unsoundness 


Neat briquet 


Test for strength 
at 30 br. 
Test for strength 


A.S.T.M. 
Normal 
A.S.T.M. 


1 day 
Moist Air 


Neat briquet 1 day 


5 hr. Autoclave 


1-3 standard sand 
briquet 

1-3 standard sand 
briquet 


Normal 
A.S.T.M. 
Normal 
A.S.T.M. 
| Normal 


Moist Air 


(3 hr. at 420 F.) 


at 30 hr. 


1 day 
| Moist Air 

1 day 
Moist Air 


Moist Room 


5 hr. Autoclave 
(3 hr. at 420 F.) 


Test for 


at r. 
Test for strength 
at 30 hr. 


3 
3 


Note.—It is suggested that laboratories which have the Le Chatelier equipment make the Le Chatelier test 
following their normal procedure. 


@ In making specimens in this group use the revised method of molding described in the accom 
Remove pat from glass before placing in autoclave; the glass on which pat is molded shoul 


nying 
be oiled 


rocedure. 
with oil such 


as is used for briquet molds in order to facilitate removal of pat. 

© By observation of cracking, checking, warping, etc., dry and after wetting, using a reading glass. 

If convenient also make occasional tests on bars cured moist for 14 days before autoclaving. 

sistency in accordance with the pro- 
cedure described in Sections 25 to 28 
of the Standard Methods of Sampling 
and Testing Portland Cement (A.S.T.M. 
Designation: C 77 — 37) of the American 
Society for Testing Materials.' Use a 
batch of sufficient size to make all neat 
cement or all mortar specimens indicated 


Autoclave Expansion of Portland Ce 
ment.” 

In molding the bars in group 2, fil 
the mold in one or two layers and com- 
pact each layer with thumb or forefinger 
sufficiently to obtain a uniform spec 
men, strike off excess paste and smooth 
surface with a few strokes of a trowel. 
Keep a record of the number of tampings 


2 Proceedings, Am. Soc. Testing Mats., Vol. 38, Part], 
p. 297 (1938). 


 . 


Pa Supplement to Book of A.S.T.M. Standards, 
p. 54. 
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required to satisfactorily mold the 
specimen and note whether filling in 
more than one layer is necessary. 


In molding the soundness pats for 
the autoclave test (group 3), follow 
the normal procedure but after molding 
use a circular cooky cutter (22 in. in 
diameter) and cut off the beveled edge 
of the pat so as to produce a pat with 
sharp-cornered thickened edges. 

Mold the neat cement briquets and 1 
to 3 standard sand briquets (groups 5 
to 8) in accordance with the A.S.T.M. 
Standard Method C 77.! 


Curing and Testing of Specimens: 


Cure specimens in all groups except 
group 1A for 24 hr. in molds in a moist 
closet and test as follows: 

Groups 1 and 2.—Test the specimens 
in accordance with the Proposed Tenta- 
tive Method of Test for Autoclave 
Expansion of Portland Cement.? 

Group 3.—Test the pats by subjecting 
them to the autoclave treatment as in 
group 1 and make visual observations 
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for unsoundness as manifested by change 
in volume which causes distortion, 
cracking, checking, swelling, or disinte- 
gration. Examine pats, both when dry 
and wet, with a reading glass. 

Group 4.—Test the specimens for 
soundness in accordance with the pro- 
cedure described in Sections 32 to 35 
of the A.S.T.M. Standard Method C 77.! 

Groups 5 and 7.—Test the briquets for 
tensile strength at age of 30 hr. when 
autoclaved briquets are tested. 

Groups 6 and 8.—Test the briquets 
at age of 24 hr. by subjecting them to 
the 5-hr. autoclave treatment used in 
group 1. Measure the width and thick- 
ness of the briquets at the waist line 
with a micrometer, noting whether 
specimens expand so that they cannot 
be placed in the briquet machine, and 
then test in tension at age of 30 hr. 
Record strength and note change in 
appearance due to autoclave treatment 
such as cracking, checking, or disinte- 
gration and any noticeable change in 
volume. 
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REPORT OF WORKING COMMITTEE ON METHODS OF CHEMICAL 
ANALYSIS 


Methods for Free Calcium Oxide (Free 

Lime): 

The progress report published in the 
ASTM Bu ttetin for October, 1938, in- 
cluded the results obtained by 37 labora- 
tories with 8 different methods for the 
determination of free calcium oxide in 
portland cement and clinker.' The 
methods were described in full detail 
in the progress report of February 24, 
1938. The brief outline given below 
summarizes these methods. 

Methods Ia, Ib, Ila, IIb, Ila, and 
IIIb are modifications of Emley’s gly- 
cerol-ethanol method. Method Ia is the 
modification developed by Lerch and 
Bogue.2, Method Ib is the same as 
method Ia except for the kind of glycerol. 

The use of U.S.P. or “chemically 
pure” glycerol containing water up to 5 
per cent is allowed in the “a” methods, 
while nearly anhydrous glycerol is re- 
quired in the “b” methods. For any 
pair of methods as Ia and Ib, Ila and 
IIb, or IIIa and IIb, the two methods 
are the same except for glycerol. 

Anhydrous barium chloride is used as 
an accelerator in methods Ila and IIb. 
It was suggested by H. R. Brandenburg 
of the Cowell Portland Cement Co.’ 

The use of dried sodium chloride as an 
accelerator as in methods IIIa and IIIb 
was suggested by T. A. Hicks of Uni- 
versal Atlas Cement Co. in a private 
communication. 


1W. C. Hanna, T. A. Hicks, and G. A. Saeger, ‘‘Co- 
operative Study of Methods of Determining Free Lime 
in Portland Cement and Clinker,’’ published in ASTM 
Buttetin, No. 94, October, 1938, p. 47. 

2 Industrial and Engineering Chemistry, Analytical 
Edition, Vol. 2, No. 3, July 15, 1930, p. 296. 

3 Rock Products, Vol. 34, No. 6, March 14, 1931. 


Four different end points were used in 
these six methods, as follows: 

(1) When the pink color of phenol- 

phthalein does not reappear after 
1 hr. of boiling. 

(2) When after 2 hr. of boiling the 
content of free lime does not in- 
crease by more than 0.05 per cent. 

(3) When the pink color of phenol- 
phthalein does not reappear after 
30 min. of boiling. 

(4) When after 1 hr. of boiling the 
content of free lime does not in- 
crease by more than 0.05 per cent. 

The end points (1) and (2) are for 
methods Ia and Ib. It is convenient to 
use the two end points on the same por- 
tion of sample but they are independent 
of each other, and (2) does not neces- 
sarily follow (1) in all cases. The same 
thing can be said of the end points (3) 
and (4) which are used in methods IIa, 
IIb, Illa, and IIIb. 

Methods IV and V are different modi- 
fications of the ethylene glycol method. 

In method IV‘ a solution of ethylene 
glycol and methanol is used as solvent. 
A mixture of the sample and the solvent 
is refluxed for 30 min. and then filtered. 
The filtrate is titrated with standard 
acid. 

In method V° a mixture of the sample 
and ethylene glycol is shaken at 65 to 
70 C. for 30 min. and then filtered. The 
filtrate is titrated with standard acid. 
Equipment for shaking and for tempera- 
ture control is required. 


lytical Edition, Vol. 9, October, 1937, p. 451. 
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On Metuops oF CHEMICAL ANALYSIS 


Since the publication of the data, 14 of 
the cooperating laboratories have re- 
ported on their opinions of the methods 
as obtained from a study of all the data. 
It may not be correct to assume that all 
of the other 23 laboratories are adhering 
to their original opinions as expressed 
in Table IV in the report published in 
October. However, if it is assumed 
that they are, a revision of Table IV 
would show by how many laboratories 
each method was preferred, thus: 


Number of Laboratories 
For Preferred For Alternate 


Method Method Method 

.. 6 6 
a 1 2 


The revised table would also show that 
end points (1) and (3) were favored by 4 
laboratories, while end points (2) and (4) 
were favored by 8. 

In the study of the data, the 
Working Committee has been assisted 
greatly by those who studied the results 
and made suggestions but the formation 
of conclusions has been handicapped by 
two facts. First, no one of the methods 
is favored by a majority of those who 
have tried them. 

The other fact is that there is no 
method for free calcium oxide which is 
known beyond reasonable doubt to give 
absolutely accurate results and which 
can be used as an infallible guide by 

which all other methods are judged. It 
seems that in the absence of such a 
method there is a tendency to judge the 
accuracy of any method by comparing it 
with method Ia which is the best known 
and most established method in this 
country. We believe that, for practical 
Purposes, this tendency is justified until 
another method is proved to be superior 
in accuracy. 

It has been suggested that the study 
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be continued before any recommenda- 
tions are made. A great deal of work 
has been done on this problem and the 
Working Committee feels that there 
would be little to be gained by such 
further studies unless a new method 
should be presented that promises to be 
better than those already tried. 

The Working Committee has decided 
to recommend method Ia and method 
Ila-IIIa as alternate procedures for 
determining free calcium oxide in Port- 
land cement and clinker. Method Ia, 
which is the preferred procedure, is prac- 
tically the same method as developed by 
Messrs. Bogue and Lerch, except for the 
end point. End points (1) and (3) have 
been in general use, but end points (2) 
and (4), the idea of which was conceived 
by the Working Committee, found 
greater favor among those who tried 
them. The latter end points are speci- 
fied in the recommended methods, end 
point (2) for the preferred method and 
end point (4) for the alternate method. 
Method IIa-IIIa is a combination of 
method Ila and method IIIa and gives 
the operator his choice of barium chlo- 
ride and sodium chloride as accelerator. 
These methods,® rewritten in A.S.T.M. 
style, are recommended for publication 
as tentative, to be included in the present 
Tentative Methods of Chemical Analysis 
of Portland Cement (A.S.T.M. Designa- 
tion: C 114) of the American Society for 
Testing Materials.’ 

The Working Committee gave serious 
thought to the possibility of recommend- 
ing method IV as a second alternate 
method but it was decided that it was 
not advisable to recommend too many 
alternate methods when one alternate 
method in the form of method IJa-IITa 
would satisfy the requirements in most 


6 These methods were accepted as tentative by the 
Society and appear in the Tentative Methods of Chemical 
Analysis of Portland Cement (C 114-39 T), see 1939 
Book of A.S.T.M. Standards, Part IT. 

7 Proceedings, Am. Soc. Testing Mats., Vol. 38, Part I, 
p. 738 (1938); also 1938 Book of A.S.T.M. Tentative Stand- 
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cases for a quick method of test. On the 
basis of averages and probable errors, 
as compared with method Ia, method IV 
seems to have a tendency to give high 
results with clinker low in free lime but, 
as a whole, it compares favorably with 
methods Ila and IIIa. The A.S.T.M. 
methods are primarily for the purpose of 
acceptance tests. Any laboratory would 
be justified in using method IV for ob- 
taining information which is not in- 
tended for the acceptance or rejection 
of cement. 

Method V did not find very much 
favor among those cooperating labora- 
tories that were able to obtain the neces- 
sary apparatus. The expensive equip- 
ment required is probably the chief 
objection to the method. Some of the 
operators also had considerable trouble 
in getting rapid and clear filtration, 
which was possibly due to lack of ex- 
perience with the method. It is possible 
for an experienced operator to obtain 
results that check fairly well with re- 
sults by method Ia. 

On the average, method Ia requires 
about 7 hr. for a determination while 
method Ila-IIIa requires about 3 hr. 
When only one or two determinations 
are to be run, method IV or method V 
may be used to good advantage as each 
requires only 1 hr. or less per determina- 
tion, but these procedures require con- 
stant attention. When a larger number 
of determinations are to be made in one 
day, most operators will find it more 
satisfactory to use method Ila-IIIa be- 
cause it does not require constant atten- 
tion and they can attend to other work 
at the same time. 

Anhydrous or nearly anhydrous glyc- 
erol was required for methods Ib, Ib, 
and IIIb and directions were given for 
its preparation from ordinary glycerol. 
Two of the cooperating laboratories in 
this country reported the purchase of 
anhydrous glycerol but the Working 
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Committee was unable to locate a source 
of anhydrous glycerol in this country. 

One of these two laboratories obtained 
some glycerol which was labelled “c.p. 
anhydrous special glycerol.” Several 
months after its use, its specific gravity 
was determined and the water content 
was calculated to be 1.6 percent. Com- 
plete information about this glycerol 
could not be obtained from the dealer. 

The other laboratory used glycerol 
which a well-known manufacturer mar- 
kets as “special-absolute-pure glycerine, 
c.p.” at a high price. Tests of the ma- 
terial indicated that it contains 5 per 
cent of water. This has been taken up 
with the manufacturer but as yet a reply 
has not been received. 

It seems that some dealers of labora- 
tory supplies have the impression that 
“chemically pure” glycerol is 100 per 
cent glycerol. It is natural but errone- 
ous. It is obvious that water is not 
considered to be an impurity by manu- 
facturers. In the method a note has 
accordingly been included calling atten- 
tion to the possible presence of water. 
Five per cent of water is allowed but it is 
necessary to test the glycerol in order to 
be sure that this limit is not exceeded. 

The work of the investigation shows 
that when a salt is not used to accelerate 
the solution of free calcium oxide in the 
glycerol-ethanol method, the result is not 
affected by water whose content in the 
solvent may be as great as 0.8 per cent. 
On the other hand, when a salt is used 
as accelerator, there may be an appre- 
ciable decomposition of sample which is 
increased by the presence of water. 
However, the method, in which such an 
accelerator may be used, can be em- 
ployed only as an alternate method and 
is subject to a check by the preferred 
method in case of dispute. The removal 
of water from glycerol would mean addi- 
tional expense. For these reasons 4l- 
hydrous glycerol is not specified either 
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in the preferred method or in the alter- 
nate method. A note has been inserted 
calling attention to the tendency of the 
alternate method (method B) to give 
higher results than the preferred method 
(method A), and to the value of occa- 
sionally checking results of the alternate 
method by the preferred method. 

At the last meeting of Committee C-1, 
one member suggested that the report 
on the investigation of methods for the 
determination of free calcium oxide 
should include analyses of the samples. 
The usual analyses and calculated com- 
pounds of the samples used in the in- 
vestigation are as follows: 


Sample* 
Components, per cent 
N | 
22.7 | 22.5 | 21.1 | 21.0 
5.6| 5.4| S.1| 4.9 
63.9 | 63.7 | 62.8 | 62.1 
0.2| 0.3] 1.7 
Loss on ignition.............. 22 
.. | ... 
46 |48 |52 | 47 
11 | 11 | 10 3 
7 7 


Investigation of Methods for Phosphorus 
Pentoxide: 


Three methods for the determination 
of phosphorus pentoxide have been 
tested at different times. They are 
known to the Working Committee as 
methods III, IV and V (for P,O;s). 

The results with method III were pre- 
sented in the progress report of January 
’, 1937, and the method was published 
as tentative in Method C 114-38 T’ 
Sections 1 and 2). A search was ini- 
tiated for a quicker procedure which 
could be used as an alternate method. 
Results with method IV, proposed by 
W. A. Van Winkle, Kansas State College 
of Agriculture and Applied Science, 
showed the need of improvement. After 
a large number of tests O. A. Ellingson, 


/ 


Universal Atlas Cement Co., worked 
out a modification. This new modifica- 
tion (method V) has been tested. The 
method proved to be a quick test pro- 
cedure and it gave good results in most 
of the cases but, as some of the opera- 
tors reported difficulty with sample S 
which is low in phosphorus pentoxide, 
Messrs. Van Winkle and Ellingson are 
making additional studies, especially 
with the idea of making the method work 
better with cement low in phosphorus 
pentoxide. Until their results are avail- 
able, the Working Committee is not 
prepared to make a recommendation in 
regard to a tentative alternate method 
for phosphorus pentoxide. The con- 
tinuation as tentative of the procedures 
described in Sections 1 and 2 of Method 
C114-38T’ is accordingly recom- 


mended. 
Methods for Manganic Oxide: 


The tentative alternate method for 
manganic oxide (C 114 ~— 38 T, Sections 
5 and 6) has been in effect less than one 
year. It is recommended that both this 
method and the tentative standard 
method for manganic oxide (C 114 
38 T, Sections 3 and 4) be continued as 
tentative. 


Investigation of Methods for Sodium Oxide 
and Potassium Oxide: 


A method for sodium oxide and potas- 
sium oxide had been suggested by F. H. 
Jackson, Senior Engineer of Tests, U. S. 
Bureau of Public Roads. Members of 
the Working Committee have tried the 
method in their laboratories and have 
found it to be satisfactory and also 
quicker than the present tentative 
method (C 114 — 38 T, Sections 7 and 8). 
A modification which may be still simpler 
and quicker is now being studied. At 
this time the committee is not able to 
make any recommendation in regard to 
the tentative methods for sodium oxide, 
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potassium oxide, and water soluble alkali 
(C 114—-38T, Sections 7, 8, and 9) 
except that they be continued as 
tentative. 


Investigation of Quick Methods for Silicon 
Dioxide, Calcium Oxide, and Magne- 
sium Oxide: 


A tentative program has been worked 
out for the investigation of quick meth- 
ods for determining silicon dioxide, cal- 
cium oxide, and magnesium oxide, the 
purpose of which is to find shorter 
methods which can be recommended for 
adoption as alternate methods for these 
components. The Working Committee 
will be glad to receive suggestions in re- 
gard to this work. 


Uniform Method of Reporting Analyses: 


It was stated in a progress report that 
analyses were reported in many different 
methods and that it had been suggested 
that our Working Committee should 
recommend a uniform method. A rec- 
ommended order of components is given 
below. It isin the main patterned after 
the order recommended in U. S. Geo- 
logical Survey Bulletin No. 700, “The 
Analysis of Silicate and Carbonate 
Rocks” (W. F. Hillebrand). There are 
a few differences which are required by 
the nature of portland cement and the 
customs of cement analysts. 


RECOMMENDED ORDER FOR REPORTING 
CEMENT ANALYSIS 
Major Components: 
SiOz Silicon dioxide (Silica) 
Aluminum oxide (Alumina) 
Ferric oxide 
Calcium oxide (Lime) 
Magnesium oxide (Magnesia) _ 
Sulfur trioxide (Sulfuric anhydride) 
Loss on ignition. a 
Minor Components: 
eO Ferrous oxide 
Sodium oxide (Soda) 
Potassium oxide (Potash) 
Hydrogen oxide (Water) 
Carbon dioxide (Carbonic anhydride) 
Titanium dioxide (Titania) 


Phosphorus pentoxide (Phosphoric anhy- 


dride) 
Chlorine 
Sulfide sulfur 
Manganic oxide 
Separate Determinations: 
nsoluble residue 
7 Free CaO Free calcium oxide (Free lime) 


The matter of proper names for the 
various components has also been con- 
sidered. ‘There are common names for 
some of the components (such as silica 
and lime) which have been in general 
use a long time, even among chemists, 
It is the opinion of the Working Com- 
mittee that scientific names should be 
used, especially in publications and 
reports. It has been the practice of the 
Working Committee in recent years to 
try to avoid the use of common names 
but they are included here in parentheses 
as information. 

The number of figures to use in re- 
porting analyses has also received con- 
sideration. It is the universal custom 
of analysts to express results to: two 
decimal places. It is unfortunate in the 
field of cement analysis because the use 
of two decimal places gives the analysis 
an apparent degree of accuracy which is, 
in fact, not usually obtained. When 
several laboratories make a determina- 
tion, as in the cooperative series spon- 
sored by the Working Committee, it is 
often useful to give the results to two 
decimal places in order to study the 
degree of variation. For example, two 
analysts may obtain 0.05 per cent and 
0.14 per cent of something in a sample 
and their difference would not be shown 
if the results were reported as 0.1 per 
cent. However, as far as the acceptance 
of cement is concerned, one decimal 
place is sufficient. For some years it 
has been the practice of the National 
Bureau of Standards to report the 
results of cement analysis to one decimal 
place and the calculated compounds 
(3CaO-SiO2, 3CaO-Al,Os, etc.) in round 
numbers. This practice is recommended 
by the Working Committee.® 

If these suggestions are sound, the 
A.S.T.M. standard methods and spect 
fications should be revised so that (1) 
the methods for chemical analysis are 


8 This recommended order for reporting analysis w4 
accepted and appears in the Standard Methods of C' 

cal Analysis of Portland Cement (C 114 - 39), see 1999 
Book of A.S.T.M. Standards, Part II. 
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arranged according to the recommended 
order of components, (2) scientific names 
are substituted for common names, and 
(3) the chemical limits and permissible 


variations are expressed to one decimal 


Balances and Weights: 


The question has been raised as to 
whether cement analysts are using 
balances and weights of the right types 
and are checking them often enough. 
The committee believes it well to call 
attention to the existence of Section 18 
of Standard Methods of Sampling and 
Testing Portland Cement (C 77 — 37)° 
which specifies the types of balances and 
weights to be used in chemical deter- 
minations. 

National Bureau of Standards Circular 
No. 3, “Design and Test of Standards 
of Mass,” which is mentioned in Sec- 
tion 18 (e) is now out of print and the 
Bureau is considering a revision of the 
circular. National Bureau of Standards 
Handbook M85, mentioned in a footnote 
to Section 18 (d), has been superseded 
by Handbook H22 (1937). This hand- 
book may be purchased from the Super- 
intendent of Documents, Government 
Printing Office, Washington, D. C. 
The price is 50 cents a copy. When the 
revised circular on standards of mass is 
published, the Working Committee will 
consider the possibility of revising Sec- 
tion 18 or at least bringing it up to date. 


Cement Reference Laboratory Comparative 
Sample No. 2: 


The tests on portland cement Com- 
parative Sample No. 2 of the Cement 
Reference Laboratory are covered by a 
teport'® issued by the National Bureau of 
Standards under the date of January 6, 
1939. Results were submitted by 161 


; Mad Supplement to Book of A.S.T.M. Standards, 


, A brief summary of the detailed report appears in 
ue Appendix on p. 323. a 


laboratories and 134 of them made 
chemical analyses which are given in 
Table I of the report in the Appen- 
dix. Attention is called to the great 
amount of variation in the analyses. 
Methods of chemical analysis cannot 
be made foolproof and it appears from 
these results that the chemical analysis 
of cement should be undertaken only by 
analysts who are careful and experienced 
in this kind of work. 

It is also to be noted that the number 
of laboratories departing from the pre- 
scribed methods in various ways is 
great. Some of the deviations are 
doubtless due to a desire to save time 
or avoid the purchase of requisite sup- 
plies, but some deviations cannot be 
explained except as a disregard or a 
careless reading of the directions. When 
a number of analysts undertake to 
assist in any important cooperative 
program, they should follow the instruc- 
tions faithfully to the best of their 
ability; otherwise much of the value of 
their work may be lost. 

It is not enough to provide methods 
which, if used properly, will give accu- 
rate results. There is need, as shown by 
these tests of the comparative sample, 
for a sample of portland cement with an 
accurate analysis certified by a recog- 
nized authority. It would be.a great 
help to cement analysts in checking their 
work. Some years ago the Working 
Committee discussed with Dr. G. E. F. 
Lundell the possibility of the National 
Bureau of Standards issuing a standard 
sample of portland cement with a 
certified analysis. He seemed to be 
favorable to the idea but there was a 
special problem in this case because of 
the tendency of cement to absorb 
moisture and carbon dioxide from the 
air. The possibility of putting this 
cement up in small ampules instead of 
large bottles was considered. In view 


of the need for such a standard sample, 
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it is suggested that the officers of Com- 
mittee C-1 take up this matter with 
Dr. Lundell and the Bureau. 


Acknowledgment: 


The thanks of the A.S.T.M. and the 
Working Committee are due many who 
have assisted in these cooperative studies 
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in various ways, especially those who 
for a third time cooperated in the 
investigation of methods for phosphorus 
pentoxide, 


Respectfully submitted on behalf of 
the Working Committee, 
W. C. Hanna, 


Chairman, 
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Announcement was made of the plans 
for the sixth inspection tour which is 
now in progress among cement labora- 
tories. Requests for inspection were 
received from 280 laboratories. Seven 
requests were already recorded when 
the tour was announced. The 290 
laboratories thus far involved are classi- 
fied as follows: 


Cement producers.............. 120 
Commercial testing ............ 69 
20 
9 
16 


The numbers of laboratories request- 
ing inspection in the five preceding tours 
were respectively 208, 265, 224, 229, 
and 309. 

Inspections at 146 laboratories have 
been made. The field work is practi- 
cally completed in the eastern, southern, 
and southwestern states. 

The U. S. Bureau of Public Roads 
and the Public Works Administration 
have continued to require the Cement 
Reference Laboratory inspection at labo- 
ratories involved in testing cement for 
certain government projects. 

Consideration has been given to 
increasing the attention given to such 
items as small flow tables, cube molds, 
testing of masonry cements, and prepara- 
tion of plastic mortar cubes. The cali- 
bration of compression testing machines 
has also received additional thought. 
The electrical division of the National 
Bureau of Standards has studied one 
of the proposals discussed at the Novem- 

meeting of Committee C-1: namely, 
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the field testing of microammeters used 
with the Wagner turbidimeter. As a 
result of this study, equipment suitable 
for field tests of microammeters has been 
finally decided upon and specifications for 
the purchase of the necessary assemblies 
of field equipment have been prepared. 

Miscellaneous work has included the 
usual routine correspondence and rec- 
ords, furnishing equipment information, 
cooperating in tests of substitute sands 
during the scarcity of the standard 
20-30 Ottawa sand, testing miscellaneous 
cement equipment received at the labo- 
ratory, and endeavoring to secure more 
uniformity in turbidimeter details. 

The last of the 161 laboratories which 
participated in the tests of Comparative 
Sample No. 2 submitted their reports 
in the late summer. The data were 
tabulated and summarized by the Ref- 
erence Laboratory into a report which 
was distributed by the National Bureau 
of Standards to the laboratories which 
had submitted data. Copies of the 
report were also distributed to those 
members of Committee C-1 who had 
not participated in the tests. Thus, 
each member of the committee has had 
an opportunity to review the results of 
these comparative tests. Studies not 
included in the report were also made 
in the endeavor to learn more about 
the possible effect of some variables. 
Some of these additional studies were 
made the subject of discussion at the 
spring meeting of Committee C-1. A 
compact summary of the results of the 
tests of Comparative Sample No. 2 is 


appended to this report. 


10 
t= 
0 
MN. 


REPORT OF COMMITTEE C-1 


Assistance was given to the Sub- 


committee on Tests of Additions to 
Cements in abstracting the lengthy 
complete report which the Reference 
Laboratory had submitted to that sub- 
committee at the end of the first series 
of tests of TDA in high-early-strength 
cements. Work was started on the 
that 


second series of tests of TDA, 


material now being tested as an addi- 
tion during the grinding of normal 
portland cement. 


Respectfully submitted on behalf of 
the subcommittee, 
E. Warren, 
Chairman. 
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Because of the interest in the results 
of the tests on the first general compara- 
tive sample of the Cement Reference 
Laboratory, a second sample was pre- 
pared and distributed early in 1938 
under the designation of Comparative 
Sample No. 2. The results of sample 
No. 1' were helpful in planning the tests 
of sample No. 2, but the scope of the 
work for sample No. 2 was made greater 
than for the earlier sample, which had 
been distributed to only 50 laboratories. 
The second sample was sent to all lab- 
oratories which had taken part in recent 
inspection work of the Reference Labora- 
tory and which desired to participate in 
the tests. The tests on sample No. 1 
had consisted of the more commonly 
made physical determinations and a 
study of the agreement in results when 
certain tests were made on three different 
days. The program for sample No. 2 


included the standard physical tests; — 


autoclave expansion tests; turbidimeter | 
fineness, and compressive strength de- 

terminations; and chemical analyses, 

the latter including the determinations 

of some of the minor constituents. 

_ Each of the laboratories participating 

in the tests of sample No. 2 has received 

4copy of a lengthy report? wherein are 

presented many details and comparisons. 

The more compact brief summary herein 

presented is intended to offer the essence 


“Report on Cooperative Tests of Portland Cement 
parative Sample C.R.L. No. 1, ASTM Butietin, 
1937, p. 19. 

Those laboratories which may desire to study the 
ittails of the more complete report may secure a copy, so 
Ong as the supply thereof is available, by addressing the 
ement Reference Laboratory at the National Bureau of 

ds, Washington, D. C. 
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RESULTS OF TESTS ON COMPARATIVE SAMPLE NO. 2 OF THE 
CEMENT REFERENCE LABORATORY 


of the larger report in a convenient form 
for the information of other laboratories. 


PARTICIPANTS 


The names and locations of the 161 
laboratories which submitted test re- 
sults are shown in the detailed report 
mentioned above. It is desired to em- 
phasize that neither the alphabetical 
order of names in the detailed report, nor 
the order of interest grouping herein, 
correspond in any way with the order of 
laboratory identification numbers in the 
tabulations in the larger report. 


DISTRIBUTION OF PARTICIPATING LABORATORIES 
ACCORDING TO INTERESTS 


Interest Laboratories 
Commercial testing... 28 
Cement producers. ................- 66 

6 
161 


SAMPLE AND INSTRUCTIONS 


The sample was carefully selected and 
prepared so as to secure uniformity of 
material throughout. After the final 
mixing, the dry cement was placed in 
metal containers and the lids thereof 
soldered in place. A study of certain of 
the results indicates that satisfactory 
uniformity of material was obtained. 
Each of the participating laboratories 
received instruction sheets and report 
forms. The instructions, in so far as 
possible, made use of existing A.S.T.M. 
standards. The methods used are men- 
tioned in the following discussion of the 


test results. 


68 

ae 
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Test RESULTS 
General: 

When calculating the averages, devia- 
tions, etc., for any certain test, all of the 
reported values were used except as 
otherwise indicated in the tables. Not 
all of the laboratories made all of the 
tests outlined, and a few laboratories 
submitted results too late for inclusion 
in the summaries of some tests. 

It should be kept in mind, particularly 
when studying the results of the chemi- 
cal analyses, that the averages are pre- 
sented for the convenience of readers in 
making the usual comparisons, and that 
emphasis is placed on the fact that such 
averages are not submitted as necessarily 
the most probably correct values. The 
maximum and minimum values are 
presented with full realization that some 
of the wide departures from average 
values may be the result of errors in 
calculating or reporting results. Graph- 
ical and tabular presentations of fre- 
quency distributions of results are given 
in this report to afford more complete 
information as to agreement between 
laboratories than is furnished by brief 
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statements of average, maximum, and 


minimum values. 


Chemical Determinations: 


The methods as prescribed for certain 
of the determinations were as follows: 

(a) Silicon oxide, ferric oxide, alumi- 
num oxide, calcium oxide, magnesium 
oxide, sulfuric anhydride, loss on igni- 
tion, insoluble residue, determined in 
accordance with the chemical determina- 
tions described in the Standard Methods 
of Sampling and Testing Portland Ce- 
ment (C 77 — 

(6) Phosphorus, manganese, sodium 
and potassium oxides, and water-soluble 
alkali determined in accordance with the 


os 21937 Supplement to Book of A.S.T.M. Standards, p. 


of Portland Cement (C 114-38 

The results of chemical determinations 
are presented in Table I. Some lab. 
oratories reported deviations from 
prescribed methods for certain deter. 
minations. 

During the summarizing of the chemi- 
cal data there arose a number of ques. 
tions which were brought to the 
attention of parties engaged in studying 
methods of analyzing cement. Par- 


TABLE I.—CHEMICAL ANALYSES. 


Num- 

Aver- | Maxi- | Mini- | Labora- 

. age, mum mum, | tories 
Constituent per per ° per’ | In- 

cent cent | cent | cluded 

in Aver- 

| age 
21.22 22.15 18.52 124 
Se eee: 2.09 6.42 0.16 | 122 
5.83 | 8.24 2.02 122 
TO: 64.43 | 66.50 | 61.66 | 1% 
«BS are 3.08 7.26 1.43 | 133 
1.86 2.17 1.69 | 133 
Ignition loss . pekakakaee 1.09 2.91 0.38 | 133 
Insoluble residue..... 0.17 1.60 0.02 130 
0.27 0.60 0.08 | 82 
0.25 | 0.51 | 0.04 | 32 
Re 0.08 0.55 trace 70 
0.20 0.59 0.07 | 67 
— | 0.18 | trace | 3 

Water soluble alkali 

0.52% | 0.01% | 13 
Soluble NazO........ — | 0.04 | oo1 | 4 
Soluble K:0......... -- 0.07 0.04 4 


* Nine results varied from 0.06 to 0.08 per cent, both 
inclusive. 


ticularly has attention been invited to 
the matter of greater uniformity in the 
manner of reporting cement analyses 
and also to the question of how many 
decimal places are warranted in reporting 
the various determinations. When pre- 
paring the tables, the chemical results 
were tabulated to two decimals, since 
that was the method of reporting used 
by nearly all of the participating labor- 
tories. However, it is not to 

4 Proceedings, Am. Soc. Testing Mats., Vol. 38, Patt 


I, p. 738 (1938); also 1938 Book of A.S.T.M. Tentative 
Standards, p. 468. 
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Fic. 3.—Frequency Distribution of Results of Determinations of MgO and SO3. 
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concluded therefrom that two decimal 
places are recommended as the appro- 
priate manner to report the chemical 
determinations on cement. 

Figures 1 to 6 show the frequency dis- 
tribution of the results of determinations 
for the first twelve items in Table I. 


Fineness: 


The specific surface values as pre- 
sented in Table II were determined with 
the Wagner turbidimeter. The speci- 
fied procedure was that of the 1937 


TABLE II.—FINENESS. 


Specific Surface, in sq. cm. per g., determined by the 
Wagner Turbidimeter. 


Specific Surface, 


sq. cm. per g. 
Grand average of 102% els . 1810 


After omitting 7 results (1990, 1990, 1990, 1940, 1940, 
1710, 1690), there is obtained an average of 1300 sq. cm. 
per g. fee those 95 laboratories which did not vary more 
than plus or minus 5 per cent from this revised average. 
The } stribution of the values reported by the 102 labora- 
tories with res) —_ to this revised average of 1800 sq. cm. 
per g. is as fo 


DISTRIBUTION OF RESULTS 


Range in Specific Deviation from Number of 
Surface, Average, Labora- 
sq. cm. per g. per cent tories 
1700 and less more than 5 1 
1710 to 1740 more than 3, not over 5 4 
1750 to 1770 more than 1, not over 3 22 
1780 to 1820 not over 1 41 
1830 to 1850 more than 1, not over 3 17 
1860 to 1890 more than 3, not over 5 il 


1900 and more more than 5 6 


An additional reported a low value of 
1600 sq. cm. per g. which was omitted from above summary 
singe standard turbidimeter was not used. 

These values are given to the nearest per cent and 
specific surface values are considered to the nearest 10 
sq. cm. per g. 


edition of the Tentative Method of Test 
for Fineness of Portland Cement by 
Means of the Turbidimeter (C 115 — 34 
T).6 The values were tabulated to the 
nearest 10 sq. cm. per g. Some labor- 
atories reported variations from the 
specified method. The value for each 
laboratory was the average of results of 
_ three determinations. 


5 Proceedings, Am. Soc. Testing Mats., Vol. 35, Part 


I, p. 777 (1935); also 1937 Book of A.S.T.M. Tentative 
Standards, p. 466. 
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Normal Consistency: 


The results of the standard wend 
consistency determinations on neat- 
cement paste, made according to 
A.S.T.M. Method C 77 — 37,3 are summa- 
rized in Table III. 


TABLE III.—NORMAL CONSISTENCY, 
Normal 
Consistency 
Grand average value (for 157 laboratories). 24.2 per cent 
23.0 per cent 


DISTRIBUTION OF RESULTS 


_ Range in Percentage Number 
of Water for of Labora- 
Normal Consistency tories 
103 
21 
Laboratories varying not over + 0.2 per cent water 
Laboratories varying not over + 0.3 per cent water 
105 
Laboratories varying not over + 0.5 per cent water 


Time of Setting: 


Setting times, determined by the 
standard Gillmore method as described 


TABLE IV.—TIME OF SETTING (GILLMORE 
METHOD). 


Initial Set Final Set 
Grand average for 157 : 
laboratories............. 3 hr. 40 min. 6 hr. 0 mip. 
5 hr. 15 min. 9 hr. 30 min. 
2hr.25min. 3 hr. 0 mis. 
DISTRIBUTION OF RESULTS 
Initial Set 
Number 
Departures from Average of — 
ories 
more than 1 hr., less than 14 hr. above avg...... 7 
more than 45 min., less than 1 hr. above avg.. 8 
more than 30 min., less than 45 min. above avg... 8 


more than 15 min., less than 30 min. above avg... 29 
15 min. above or below avg. ale 
more than 15 min., less than 30 min. below avg... 24 
more than 30 min., less than 45 min. below avg... 12 


more than 45 min., less than 1 hr. below avg..... 7 
more than 1 ra less than 1 hr. below avg...... 3 
more than 1% h re, less than 1% hr. below avg.... 1 
more than 1% hr., less than 134 hr. below avg.... 2 
more than 1% hr., less than 2 hr. below avg...... i 
Final Set 

Number 

Departures from Average of ny 
more than 3 hr., less than 3)4 hr. above avg.....- 1 
more than 24 hr., less than 3 hr. above avg....- 0 
more than 2 hr., less than 2% hr. above avg....-- 2 


more than 1% br., less than 2 hr. above avg....-- 4 
more than 1 hr., less than 114 hr. above avg.....- 6 
more than 30 min., less than 1 hr. above avg..... 4 
30 min. above or below 
more than 30 min., less than 1 hr. below avg...-- > 
more than 1 hr., less than 1 \% hr. below avg...--- ° 
more than 1% hr., less than 2 hr. below avg....-- 

more than 2 hr., jess than 2% hr. below avg....-- 2 


Average 
Maximt 
Minimu 
Average 
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in A.S.T.M. Method C 77 — 37,3aresum- Compressive Strength: 


marized in TableIV. Compressive strengths of 2-in. = 
: _ tar cubes are summarized in Table VI. 
eat: Soundness: 
The specified test method was that de- 
bo The usual 5-hr. steam test was made scribed in the Tentative Method of Test 
_ on neat cement pats by 158 laboratories. for Compressive Strength of Portland- 
All of those laboratories reported satis- Cement Mortars (A.S.T.M. Designa- 
factory results. Steam chest tempera- tion: C 109~37T).6 When calculating 
mal tures below the allowable minimum were 
BLE VI.—COMPRESSIVE STRENGTH -IN. 
r cent reported by 8 laboratories. TA co OF 2-IN 
Norte.—See Fig. 7. 
. e > ay | days | days | days 
Tensile strength tests, summarized in an 
(a) Compressive strength, 
Table V, were made on standard 1:3 ce Gond average....| 718 |1750 |3200 |5160 
Maximum 1120 2420 14590 7980 
355 9 |2180 
TABLE V.—TENSILE STRENGTH OF 1:3 (b) Laboratories included in 
STANDARD MORTAR BRIQUETS. 117 | 117 | 118 | 115 
i th, psi. ¢) Standard deviation for a 
ter 1 day be oe days laboratories, psi......| 123 241 | 420 | 710 
ter Maximum. ........... 225 360 480 555 
105 17.1) 13.8) 13.1] 13.8 
Minimum beset 115 230 310 385 (e) of variation for 
ter Average of deviations lcmetaidl 
of laboratory results pan 
ee average, 8.7 5.9 5.6 4.5 controlled work rooms, 
the ip average.......... 156 156 . 10 laboratories (also 
ribed DisTRIBUTION OF LABORATORY RESULTS 
Deviations from Grand umber of Laboratories perature controlled 
Average, per cent work rooms belonging 
(ORE lday 3days 7 days 28 days to one organization, 
Netover $............ @ 84 81 101 and accustomed to 
1 Set More than + 5, not over comparative tests....| 11.2) 7.7) 6.5) 5.2 
a 44 45 52 40 — 
in. More than + 10, not over DISTRIBUTION OF RESULTS OF ALL LABORATORIES 
0 min 15 26 21 21 10 
30 min. Mev then 15......... Number of Laboratories 
Ottawa sand mortar briquets prepared 
Labor “cording to Method C 77-37,3 the 
tories ; Deviation from Average 
strengths being determined at four ages: | 
3,7, and 28 days. In the detailed 30 | 41 | 42 | 38 
tabulations the individual results were 31 | 37 | 33 | 44 
° e or an , no 
reported to the nearest 5 lb., which 19 | 11 | 20 | 33 
apparently was the custom with many 


12 
1 
: of the laboratories. In the preparation 
; of the tables of the larger report, the the values for the larger report, the 
individual briquet strengths and the strengths and spreads were expressed to 
Numbe. I *erages of each set of three specimens the nearest 5 lb. up to 1000 lb., to the 
tosis were tabulated to the nearest 5 lb., in nearest 10 lb. for greater strengths, al- 
° the manner of reporting employed by though calculations of deviations from 
‘ most of the laboratories. However, in grand average merge made ety closely. 
4 culating the deviations from the The reports of these cube tests con- 


“2 brand averages, the averages for each * Proceedings, Am. Soc. Testing Mats., Vol. 37, Part 


I, p. 726 (1937); al Book of A.S.T.M. Tentati 
ratory were more closely computed. Sidraards Of AS 
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tained numerous details not shown in 
this summary—details such as capacity 
of machine, rate of loading, bearing 
block designs, etc. These additional 
details will be studied as material for 
discussion in connection with any pro- 
posed revisions of Method C 109. 

Figure 7 was prepared to show not 
only the frequency distribution of the 
test results, but also certain variables 
entering into the tests. Each dot, or 
circle, regardless of its markings, repre- 
gnts the result of one laboratory, there 
being in all approximately 115 labora- 
tories represented for each test age. 

The question of capacities of testing 
machines has often arisen in considering 
the tests of 2-in. cubes, particularly at 
early ages. The solid circles, or dots, 
represent machines of more than 
100,000-lb. capacity, regardless of type 
of machine. A careful study of this 
feature of the graph is warranted. A 
few of the smaller capacity machines 
were hand-operated, and the results 
obtained on them are indicated by hori- 
wntal lines through the circles. 

Since the 2-in. mortar cube, a tenta- 
tive standard specimen, has not been so 
frequently made by some laboratories, 
as by others, it was thought advisable 
to learn what might be the relative 
positions of the results of those labora- 
tories which were well experienced in 
the test. It was known that certain 
laboratories had either participated in 
sme of the cooperative studies spon- 
red by the Working Committee on 
Plastic Mortar Tests, or had made many 
ests of 2-in. cubes. The results of 
these laboratories are identified by X- 
marks through the circles or dots. An 
‘amination of Fig. 7 will show that, in 
general, the results of these experienced 

ratories are relatively near the aver- 
age value. 

Studies of reported temperatures did 
tot throw much light on the question of 
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However, a comparison was made be- 
tween the results of all laboratories and 
the results of 25 laboratories which 
possessed temperature controlled work 
rooms and, therefore, probably had very 
satisfactory temperatures throughout 
the test period. There then appeared a 
closer agreement in results within the 
smaller group than was evident for the 
entire number of laboratories. This is 
illustrated by items (d) and (e) in Table 
VI. 

The two comparisons last mentioned 
lead to inquiry as to what might be the © 
relative agreement within a group of 10 
laboratories belonging to one organiza- 
tion, possessing temperature controlled 
work rooms, and accustomed to making 
comparative tests through a supervising © 
central laboratory. The generally bet- 
ter agreement among these 10 labora- 
tories, as shown by items (d), (e), and (f) 
of Table VI, appears as a favorable en- 
dorsement of temperature control and 


uniformity of procedure. 


Autoclave tests were made according 
to the suggested method presented as 
Appendix I to the 1937 report’ of Com- 
mittee C-1, but with certain modifica- 
tions. Since the preparation of the in- 
structions for tests of sample No. 2, a 
revised proposed method, substantially 
as followed in these tests, has been pub- 
lished. In the proposed test method is 
the requirement “‘Any test in which the 
percentage expansions of the individual 
specimens differ more than 0.05 shall be 
repeated.” It is interesting to find that 
agreement reported between bars in these 
tests is well within those limits, the differ- 
ence in percentage expansion between the 


how variations in temperature = 
have affected the strengths of the cubes. 


Autoclave Tests: 


1 Proceedings Am. Soc. Testing Mats., Vol. 37, Part I, 
p. 290 (1937). . 

8 Proceedings, Am. Soc. Testing Mats., Vol. 38, Part I, 
p. 297 (1938). 


Fs 
; 
3 
| 
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two bars in a set not exceeding 0.01 for 
79 of the laboratories. 

_ The modifications above referred to 

- were: (1) the soaking period prior to 

autoclaving of bars was omitted, and 

(2) the bars were placed in boiling water 

immediately after opening of the auto- 


‘TABLE VII.—AUTOCLAVE EXPANSION TESTS OF 
NEAT-CEMENT BARS, 


Autoclave Expansion, 
per cent 


Maximum 


for 82 laboratories 


4 Deviation from Average Expansion, Number of 
per cent Laboratories 


‘Not over + 0.010................... 27 
More than + 0.010, not over + 0.020 31 
More than + 0.020, not over + 0.030 15 
More than + 0.030, not over + 0.040 4 
More than + 0.040.............. 


rted b 
omitted from the calcu 
and 0.84 per cent. 


2 additional laboratories were 
tions. Those values were 0.012 


@ Values re 


clave, the water cooled to 21 C. (26.5 
C. if preferred) in 15 min., then main- 
tained at that temperature for an ad- 
ditional 15 min. when bars were to be 
removed and measured, as specified in 
the method later proposed.* 

The results of the autoclave tests are 
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summarized in Table VII. Some fey 
of the results were obtained using bars 
4.6 to 6 in. in length, instead of the 
longer bar specified. 
Temperature Data: 


Some laboratories submitted tem. 
perature charts from recording instru. 
ments; some other laboratories reported 
temperature ranges. A digest of such 
data regarding laboratory room and 
storage equipment appears in the larger 
report and indicates whether and how 
storage apparatus temperatures were 
controlled. Temperature of mixing 
water and relative humidity of labor- 
tory room were also included for parts 
of the work. Some further studies are 
being made of these data. It is encour 
aging to find that numerous laboratories 
have been equipped with temperature 
controlled work rooms. 


GENERAL 
The preparation and distribution of 
the sample, the larger detailed report, 
and this summary of the test results were 


conducted by the Cement Reference 
Laboratory. 


|| 
REF 
In 
| the 
C-1, 
0.09 C1 
tory 
non-l 
land 
| abst 
| had 
Labo 
comr 
those 
plete 
toha 
ceme 
work 
and 
in Fe 
| 
made 
Six ¢ 


few 
bars 


tem- 
stru- 
orted 
such 
and 
larger 
| how 
were 
nixing 
bora- 
parts 
eS are 
tories 
rature 


ion of 
report, 
Ls were 
ference 


REPORT OF SUBCOMMITTEE ON TESTS OF ADDITIONS TO CEMENT 


In compliance with action taken at 
the June, 1938, meeting of Committee 
(-1, there was prepared and distributed 
to all of the members of Committee 
C-1 a summary of the results of tests 
made by the Cement Reference Labora- 
tory to determine whether TDA was 
non-harmful in high-early-strength port- 
land cement. This summary was an 
abstract of the lengthy report which 
had been prepared by the Reference 
Laboratory and transmitted to this sub- 
committee upon the completion of 
those tests. 

The Dewey & Almy Chemical Co. com- 
pleted arrangement with the A.S.T.M. 
tohave TDA tested in normal portland 
cement. The money to defray cost of 
work was deposited with the Society 
and the laboratory work was started 
in February. 

This second series of tests is being 
made on laboratory-ground cements. 
Six clinkers are being used. The clink- 


rs were all received early in the year. 


The program of tests is not so extensive 
as for the first series and the tests have 
been modified to some extent from the 
procedure of the earlier investigation. 
The program includes chemical analyses 
of the clinkers, setting time and sound- 
ness tests, standard tensile strength 
tests at various ages up to at least six 
months, compressive strength tests for 
the same ages on 2-in. cubes of miniature 
concrete, freezing-and-thawing tests on 
bars of the same make-up as used for 
the cubes, turbidimeter fineness tests, 
autoclave tests, and some miscellaneous 
determinations. 

This second series of tests is being 
performed by Mr. H. J. Kurtz who also 
conducted the tests made by the Cement 
Reference Laboratory on TDA and 
high-early-strength cements. 


Respectfully submitted on behalf of 
the subcommittee, 
H. J. GILKey, 


& Chairman. 
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Committee C-5 on Fire Tests of Ma- 
terials and Construction has held no 
meeting since the annual meeting of the 
Society in June, 1937, nor have any of its 
subcommittees held any formal meet- 
ings. The committee has carried on 
its work by correspondence, as the in- 
vestigations being made preparatory to 
the formulation of specifications have 
not yet reached the stage where definite 
provisions can be drafted and subjected 
to discussion at a meeting. 

Committee C-5 has promulgated only 
one standard, namely, the Standard 
Specifications for Fire Tests of Building 
Construction and Materials (C 19 — 33). 
With the advent of the 1939 annual 
meeting of the Society, this standard 
will have stood six years without re- 
vision. Because of the economic condi- 
tion of recent years the standard has not 
had extensive application during that 
period. Such use as has been made 
since its adoption in 1933 has not de- 
veloped deficiencies or difficulties to 
require revision, and it is still considered 
to be in accord with present good prac- 


REPORT OF COMMITTEE C5 
ON 
FIRE TESTS OF MATERIALS AND CONSTRUCTION 


tice. Its continuance in its present 
status is recommended. 

There is one existing tentative stand- 
ard under the jurisdiction of Committee 
C-5, namely, the Tentative Specifications 
for Fire-Retardant Properties of Wood for 
Scaffolding and Shoring (C 132-377). 
Experience with these specifications 
during the past year has been limited, 
and no criticisms nor requests for re- 
vision have been received. The con- 
mittee is not prepared to suggest their 
adoption as standard as it feels that 
further experience is desirable. It is 
recommended that the specifications be 
continued as tentative for another year. 


This report has been submitted to 
letter ballot of the committee which 
consists of 30 members; 27 members 
returned their ballots, all of whom have 
voted affirmatively. 


Respectfully submitted on behalf of 
the committee, 
R. P. MILLER, 
Chairman. 


H. M. Rosinson, 


Secretary. 
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; _ REPORT OF COMMITTEE C-7 


LIME 


Two regular meetings of Committee 
C-7 on Lime were held during the year: 
the first on June 10, 1938, at Chalfonte- 
Haddon Hall, Atlantic City, N. J., and 
the second on March 9, 1939, at the 
Deshler-Wallick Hotel, Columbus, Ohio. 

Committee C-7 sponsored an exten- 
sive Symposium on Lime at _ the 
AS.T.M. Regional Meeting in Co- 
lumbus, Ohio, on March 8, 1939. The 
symposium, comprising eleven papers, 
covered various phases of tests and 
properties of lime and lime products, and 
presented information and data from 
the standpoint of both research and 
experience. Approximately two hun- 
dred persons attended the symposium. 
The list of papers! presented is as follows: 


“Variations in Properties of Dolomitic Lime 
Putties with Method of Hydration,” by John 
E. Conley, 

“The Hydration of Magnesian Lime and 
the Autoclave Test,” by F. C. Welch, 

“Manufacturing Lime for the Glass In- 
dustry,” by A. H. Nieman, 

_ “Factors Affecting Milks of Lime Employed 
in Industry,” by D. E. Washburn, 

“Quality of Lime Desired for Water Treat- 
ment,” by Charles P. Hoover, 

“Prevention of After-Precipitation in Lime- 
teated Industrial and Municipal Waters by 
threshold Treatment,” by Owen Rice, Everett 
. Partridge, and R. E. Hall, 

“Soil Acidity and Liming, and Some Factors 
that should Determine the Standards for Lime 
for the Soil,” by E. O. Fippin, 

“Criteria for the Evaluation of Agricultural 


ymposium on Lime, Columbus Regional Meeting, 


:. Testing Mats. (1939), available as a separate 
ubuication. 


Ground Limestone,” 
C. J. Schollenberger, 

“Preliminary Investigation of the Determi- 
nation of Fluorine in Lime,” by C. J. Koehler 

“Fundamental Mechanics of Calcination and 
Hydration of Lime and Methods of Control,” 
by Victor J. Azbe, and 

“Lime Characteristics and Their Effect on 
Construction,” by Walter C. Voss. 


by R. M. Salter and 


During the year the following were 
elected to membership on Committee 


C-7: 


Kermit Herndon, Ohio State University, 
F. S. Pritchett, Delaware Testing Labora- 
tories, 


H. C. Plummer, Structural Clay Products 
Institute, 


W. C. Voss, Massachusetts Institute of 
Technology, and 


H. H. Waples, Procurement Division, U. S. 
Treasury Department. 


Since the election of these new mem- 
bers more than balances the committee 
with respect to producers and non- 
producers, the election of S. G. Price, 
Gibsonburg Lime Products Co., now 
becomes effective. Mr. Price qualified 
for membership on April 28, 1937, and 
was approved by the committee at a 
meeting held on June 10, 1938, to be- 
come effective when the balance of the 
committee would permit. The mem- 
bership of the committee now totals 50, 
classified as 25 producers, 7 consumers, 
and 18 general interest members. 

The only new tentative specifications 
approved by Committee C-7 during 
the year were the Tentative Specifica- 
tions for Hydraulic Hydrated Lime for 
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Structural Purposes (C 141-38T). 
These specifications originated in Sub- 
committee X on Hydraulic Lime (W. 
E. Carson, chairman) which was or- 
ganized as a result of action taken at 
the meeting of Committee C-7 held in 
Chicago on June 25, 1931. At the 
meeting of Committee C-7 in Wash- 
ington, D. C., on March 7, 1934, 
Mr. Carson presented a report from 
Subcommittee X stating that a special 
committee, comprising L. S. Wells and 
J. A. McCormick, had been appointed 
and instructed to prepare a draft of 
specifications for hydraulic lime. A 
copy of the draft entitled “Eminently 
Hydraulic Lime” was presented, dis- 
cussed, and made an appendix to the 
minutes of the meeting. From 1934 to 
1938 these proposed specifications were 
reviewed at various meetings of Com- 
mittee C-7 and revised in accordance 
with the comments and suggestions 
received. On June 30, 1938, at the 
meeting of Committee C-7 in Atlantic 
City, N. J., thespecifications, as drafted, 
were approved by the committee and 
subsequently presented to the Society 
through Committee E-10 on Standards. 
There were no new methods of testing 
included in these specifications. The 
specifications were accepted? for publica- 
tion as tentative on August 25, 1938, 
and appear in the 1938 Proceedings. 

Subcommittee III on Lime for the 
Chemical Industries (D. E. Washburn, 
chairman) is continuing its study of the 
Proposed Specifications for Quicklime 
for Causticizing Leached Liquors in the 
Soda-Pulp Process for the Manufacture 
of Paper, for Quicklime for Use in the 
Manufacture of Paper Pulp Where the 
Precipitated Carbonate is Employed as 


_ 2 In submitting these tentative specifications to Com- 
mittee E-10 on Standards, Committee C-7 reported results 
of the letter ballot vote as follows: Of a total membership 
of 43, 38 members returned their ballots, of whom 27 
voted affirmatively, 4 negatively, and 7 members marked 
their ballots “not voting.” 

3 Proceedings, Am. Soc. Testing Mats., Vol. 38, Part I, 
_p. 757 (1938); also 1938 Book of A.S.T.M. Tentative 
tandards, p. 500. 
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a Pigment or Filler, and of the Proposed 
Method for Determination of Available 
Lime in High-Calcium Quicklime and 
Hydrated Lime by the Rapid Sugar 
Test, which were published as informa- 
tion last year.‘ 

Subcommittee VIII on Nomenclature 
and Definitions (W. E. Carson, chair- 
man), in attempting to prepare a com- 
prehensive definition for the term “lime,” 
has compiled from numerous sources 
an extensive list of definitions for this 
term which has been distributed to the 
membership of Committee C-7 for study 
and comment. 

Subcommittee [IX on Research Prob- 
lems (J. R. Withrow, chairman) was 
instrumental in arranging for the Sym- 
posium on Lime, referred to above. The 
papers of this symposium indicate that 
there is a considerable interest in re- 
search on various lime problems. 


I. REVISION OF STANDARDS 


For the sake of simplicity and to 
incorporate certain editorial changes, 
the committee recommends that the 
Standard Specifications for Quicklime for 
Use in Water Treatment (C 53-27); 
and for Hydrated Lime for Use in 
Water Treatment (C 54 be com- 
bined into a single specification entitled 
“Standard Specifications for Quicklime 
and Hydrated Lime for Water Treat- 
ment.’® The committee asks for the 
necessary nine-tenths vote at the annual 
meeting in order that this recommenda- 
tion may be referred to letter ballot of 
the Society for immediate adoption. 


II. ADOPTION OF TENTATIVE STAND- 
ARD AS STANDARD 


The Tentative Specifications for Sand 
for Use in Plaster (C 35 — 36 T),’ under 


4 Proceedings, Am. Soc. Testing Mats., Vol. 38, Part I, 
PP. 306 to 309 (1938). 0. 
6 1936 Book of A.S.T.M. Standards, Part II, pp. 38. po 
® These specifications were adopted as standard 
Society and appear in the 1939 Book of A.S.T.M.S' 
art II. 


t Proceedings, Am. Soc. Testing Mats., Vol. 36, Part |, 
p. ag (1936) ; ma 1938 Book of A.S.T.M. Tentative Stand 
ards, p. 505. 
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g, Part I, 


C-11 on Gypsum and Committee C-7, 
are being revised to limit the amount of 
saline, alkaline, or organic substances. 
As previously written, Section 3: on 
Deleterious Substances permitted 5 per 
cent of material finer than 200 mesh. 
This could be interpreted to allow as 
much as 5 per cent of saline, alkaline, or 
organic material, whereas it was in- 
tended to refer only to fine sand. The 
words “deleterious substances’ have 
been deleted, and Section 3 has been 
made Section 2 (6) under “Grading.” 
Committee C-7 has approved these 
revisions, which are given in detail in 
the report of Committee C-11 being 
presented at this annual meeting.® 
Committee C-7 concurs with Committee 
C-ll in recommending that Specifica- 
tions C 35 as revised be approved for 
reference to letter ballot of the Society 
for adoption as standard. 


Ill. ADOPTION AS STANDARD OF TEN- 
TATIVE REVISION OF STANDARD 


At the June, 1938, meeting of the 
committee a tentative revision was 
approved of the Standard Definitions of 
Terms Relating to Lime (C 51 — 28).® 
This modification comprised the substi- 
tution of the word “activity” for the 
word “affinity” in the definition of the 
tem “hydrated lime.” It was the 
opinion of the committee that the word 
“afinity” was indefinite and unscientific. 
Subsequent to the 1938 annual meeting 
Committee C-7 presented this revision 
to the Society through Committee 
E40 on Standards. The revision was 
accepted’? for publication as tentative 

n submitting this revision to Committee E-10 on 
tall rds, Committee C-7 reported results of the letter 
vote as follows: Of a total membership of 43, 38 


ers returned their ballots, of whom 31 voted af- 


tively, 1 negatively, and 6 members marked their 
ts “not voting.”’ 


the joint jurisdiction of Committee 


on August 25, 1938, and appears in the 
1938 Proceedings." 

At the March, 1939, meeting of the 
committee further consideration was 
given to this proposed change. It was 
pointed out that by usage over a con- 
siderable period of time the trade had 
become familiar with the word “af- 
finity” and understood its meaning. To 
further clarify the definition for hydrated 
lime, it was suggested that the phrase 
“for water” be inserted directly fol- 
lowing the word “affinity” to prevent 
possible misinterpretation that combi- 
nation might be with chemicals other 
than water. The committee accordingly 
recommends that the tentative revision 
published last year be further revised, 
as given below, and asks for the neces- 
Sary nine-tenths vote at the annual 
meeting in order that this recommenda- 
tion may be referred to letter ballot of 
the Society for immediate adoption: 


Hydrated Lime.—Change this defini- 
tion to read as follows by the addition 
of the italicized words and the omission 
of the word in brackets: 

Hydrated Lime.—A dry powder obtained 
by treating quicklime with water enough to 
satisfy its chemical [activity] affinity for water 
under the conditions of its hydration. 

IV. STANDARDS AND TENTATIVE STAND- 
ARDS CONTINUED WITHOUT 
REVISION 


The following standards and tentative 
standards which have stood for a number 
of years without revision have been 
reviewed, and changes of an editorial 
nature have been made: 


Standard Specifications for: 


Quicklime and Hydrated Lime for Cooking 
of Rags in the Manufacture of Paper 
(C 45 — 25), 

Quicklime for Use in the Manufacture of 
Sulfite Pulp (C 46-27), 


11 Proceedings, Am. Soc. Testing Mats., Vol. 38, Part I, 
>. 1325 (1938); also 1938 Book of A.S.T.M. Tentative 
p. 1691. 
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d Hydrated Lime for the Manufacture of returned their ballots, of whom 35 


Varnish (C 47 - 27), h ivel ( 
Quicklime and Hydrated Lime for Use in ave voted atiematively os — 


the Textile Industry (C 48 - 24), tively. 
Standard Methods of: 


_ Chemical Analysis of Limestone, Quicklime, 
and Hydrated Lime (C 25 - 29), 


TABLE I, ANALYSIS OF LETTER BALLOT VOTE. 


Sampling, Inspection, Packing, and Mark- 
ing of Quicklime and Lime Products - Items 
(C 50-27), 


Tentative Specifications for: 
Quicklime for Structural Purposes (C 5- I. REVISION OF STANDARDS 

34 T)," and Spec. for Quicklime for Use in Water 

: Hydrated Lime for Structural Purposes Treatment (C 53 - 27), and for Hy- 


drated Lime for Use in Water 
(C6-34T).” Treatment (C 54 - 27), combined 


into a single specification, imme- 
i The latter two tentative specifica- ‘ite adoption 


tions are in effect a tentative revision II. Apoption oF TENTATIVE 
STANDARD AS STANDARD 


Ballots Marked 
Voting” 


| Affirmative 


of the existing Standard Specifications 
Spec. for Sand for Use in Plaster 

C5-26 and C6-31. (C 35 - 36 T), as revised.. aa 

ENTATIVE KEVISION OF 
The recommendations appearing in Sean 
this report have been submitted tO Definitions of Terms Relating to 
letter ballot of the committee which Lime (C 51 - 28), definition of hy- 
drated lime...... 
consists of 50 members; 27 have re- meee 
turned their ballots, with the results 


shown in Table I. Respectfully submitted on behalf of 


the committee, 
This report has been submitted to J. R. Wirnrow, 


letter ballot of the committee which 
consists of 50 members, 36 members J. W. SrockeETT, JR. 


12 See Editorial Note below. Secretary. 


Chairman. 
{ 


EDITORIAL NOTE 


Subsequent to the annual meeting Committee C-7 — to the So- 
ciety through Committee E-10 on Standards a recommendation for with- 
drawal of the Tentative Specifications for Quicklime for Structural Pur- 
poses (C 5-34 T) and for Hydrated Lime for Structural Purposes (C 6-34 T). 
This recommendation was accepted by Committee E-10 on August 24, 1939. 
The existing Standard Specifications for Quicklime for Structural Purposes 
(C 5 —- 26) and for Hydrated Lime for Structural Purposes (C 6 — 31) are re- 
tained as standard and appear in the 1939 Book of A.S.T.M. Standards, 
Part II. 
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Committee C-8 on Refractories held 
two meetings during the year: in Bedford 
Springs, Pa., on September 1, 1938, 
and in Columbus, Ohio, on March 7, 
1939. The former meeting was held 
in conjunction with the summer meeting 
of the Refractories Division of the 
American Ceramic Society, and the 
latter meeting was in conjunction with 
the spring group meetings of the Society. 

The committee has been quite active 
during the year and has brought forth 
several distinct improvements in exist- 
ing procedures, which are being recom- 
mended for adoption. 

A new Section on Retest Data (L. J. 
Trostel, chairman) hasbeen formed for 
the purpose of obtaining the information 
necessary for establishing the require- 
ments of retesting clauses in the several 
C-8 specifications. This section has 
made progress in obtaining fundamental 
information along these lines. 

A Joint Committee (R. H. Heilman, 
chairman) has been formed to serve 
with Committee C-16 on Thermal Insu- 
lating Materials on matters pertaining 
to high-temperature insulation to pre- 
vent any overlapping of activities of 
the two committees. 


I. New TENTATIVE STANDARD 


The present Standard Method of Test 
‘or Refractory Materials Under Load at 
igh Temperatures (C 16-36) has 
‘en in need of revision for quite some 
‘me. The committee has now com- 
pleted a new procedure for this test 
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which incorporates several worth-while — 
changes, together with new furnace 
designs. Portions of the old procedure, 
which pertain to the testing of silica 
brick, have been omitted because it 
has been known for some time that the 
test is of little use in evaluating present- 
day silica brick. The present furnace 
design is retained and, in addition, 
there are included two new types of 
furnaces embodying a direct load for 
the specimen in place of the present use 
of levers. One of these furnaces is 
electrically heated, and the other is an 
improved design for use with either gas 
or oil as fuel. It is accordingly recom- 
mended that the new Tentative Method 
of Test for Fireclay and Alumina- 
Diaspore Refractories Under Load at 
High Temperatures! be accepted for 
publication as tentative to replace the 
present Standard Method C 16 — 362 _ 


II. REviIsions OF TENTATIVE 
STANDARDS 

During the year the committee has 
evolved a new procedure for measuring 
refractory brick and shapes for size, 
and for determining bulk density. This 
represents an improvement and a revi- 
sion of the present Tentative Methods of 
Test for Size, Warpage, and Bulk 
Specific Gravity of Refractory Brick 
(C 134 —- 38 T).* The committee ac- 


1These methods were eooeund as tentative by the 
Society and appear in the 1939 Book of A.S.T.M. Stand- 
ards, Part II. 
2 1936 Book of A.S.T.M. Standards, Part II, p. 224. 
3 Proceedings, Am. Soc. Testing Mats., Vol. 38, Part I, 
. 791 (1938); also 1938 Book of A.S.T.M. Tentative 
Standards, p. 601. 
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cordingly recommends that the revised 
procedure entitled ‘Tentative Methods 
of Test for Size and Bulk Density of 
Refractory Brick’! be accepted for 
publication to replace the present Tenta- 
tive Methods C 134 — 38 T. 

Studies of the Tentative Methods of 
Testing High-Temperature Heat Insu- 
lation (Compression, Flexure, Shrink- 
age) (C 93 — 34 T)* have resulted in two 
recommendations. The order of ac- 
curacy in measuring samples for the 
shrinkage test is being changed from 
“0.01 in.” to read “0.02 in.,” and im- 
proved procedures are presented for 
determining the compressive and flexural 
strengths. It is recommended that the 
revised methods entitled “Tentative 
Methods of Testing Insulating Fire 
Brick (Compression, Flexural Strength, 
and Permanent Linear Change after 
Heating)’' be accepted for publication 
as tentative. 


Ill. TENTATIVE REVISIONS OF 
STANDARDS 


Recent studies have brought forth an 
additional factor of control in the 
preheating operation of the panel spall- 
ing test. Accordingly, the committee is 
presenting for publication as tentative 
the following revision of the Standard 
Method of Panel Test for Resistance to 
Thermal and Structural Spalling of 
High Heat Duty Fireclay Brick (C 107 - 
36),® and of Super-Duty Fireclay Brick 
(C 122 - 

Section 4.—Add a new paragraph as 
Paragraph (d) and a Note to read as 

follows: 


(d) The furnace gas pressure during the 24- 
hr. preheating period shall be within the limits 
of 0.3 to 0.6 in. of water for gas-fired furnaces. 


4 Proceedings, Am. Soc. Testing Mats., Vol. 34, Part I, 
. 791 (1934); also 1938 Book of A.S.T.M. Tentative 
tandards, p. 596. 

6 1936 Book of A.S.T.M. Standards, Part II, p. 220. 
61937 Supplement to Book of A.S.T.M. Standards, 
83. 
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Norte.—In furnaces used for the purpose of 
obtaining control or experimental data, and 
when the method is followed in all details except 
that oil is used as a fuel, it is recommended that 
the furnace gas pressure be maintained between 
0.1 and 0.2 in. of water. 


Apoprion oF TENTATIVE 


«STANDARDS AS STANDARD 


The committee recommends that the 
following tentative standards be ap- 
proved for reference to letter ballot of 
the Society for adoption as standard: 


Tentative Methods of Test for Cold Crushing 
Strength and Modulus of Rupture of Refrac. 
tory Brick and Shapes (C 133 - 37 T),? 

Tentative Methods of Chemical Analysis of 
Refractory Materials (C 18 - 37 

Tentative Symbols for Heat Transmission 
(C 108 34 and 

Tentative Definitions of 50 per cent, 60 per cent, 
and 70 per cent Alumina-Diaspore Refrac- 
tories appearing in the Tentative Definitions 
of Terms Relating to Refractories (C71- 
37 T)? to be added to the Standard Defini- 
tions for Fireclay Refractories (C 27-37). 


V. ADOPTION AS STANDARD OF 
TENTATIVE REVISIONS OF 
STANDARDS 


The committee recommends that the 
revisions published as tentative’ last 
year in the following three specifications 
be approved for reference to letter ballot 
of the Society for adoption as standard 
with the section on permissible varia- 
tions modified as given below: 


Standard Specifications for: 


Fireclay Brick for Malleable Furnaces with 
Removable Bungs and for Annealing Ovens 
(C 63 - 36), 

Fireclay Brick for Stationary Boiler Servic 
(C 64 - 36), and 

Refractories for the Construction of In 
cinerators (C 106 36). 


‘ I 
7 Proceedings, Am. Soc. Testing Mats., Vol. 37, Part 
pp. 785, 760, 790 (1937); also 1938 Book of A.S.T.M. Tents 
tive Standards, pp. 591, 566, 606. tl 
8 Proceedings, Am. Soc. Testing Mats., Vol. 34, a 
also 1938 Book of A.S.T.M. Tental 
tandards, p. 608. 
9 Prosolings, Am. Soc. Testing Mats., Vol. 38, 
p. 1321 (1938); also 1938 Book of A.S.T.M. Tentaty’ 
Standards, p. 1687. 
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Section 2.—Change from its present 
form to read as follows: 


Standard Method of Test for Refractory Mate- 
rials Under Load at High Temperatures 


(C 16 — 36),!° to be replaced by new Tenta- 


2. When tested according to the Tentative 
Methods of Test for Size and Bulk Density of 
Refractory Brick (A.S.T.M. Designation: C 134),‘ 
the standard 9-in. fire-clay brick shall not show 
a size variation of more than plus or minus 2 
percent. Tile or shapes shall not show a size 


Items 


TABLE I.—ANALYSIS OF LETTER BALLOT VOTE. 


Affirmative 


Negative 


tive Method of Test for Fireclay and Alu- 
mina-Diaspore Refractories Under Load at 
High Temperatures.! 


The recommendations appearing in 
this report have been submitted to letter 


Ballots 
“Not 


I. New TENTATIVE STANDARD 


Test for Fireclay and Alumina-Diaspore Refractories Under Load at High 
Temperatures (C 16 - 39 T) 


II. ReEvistons OF TENTATIVE STANDARDS 


Test for Size, an, onpeat, and Bulk Specific Gravity of Refractory Brick 
(C 134 - 

Testing igh-Tem Insulation (Compression, Flexure, Shrink- 
age) (C 93 - 34 


III. TENTATIVE REVISIONS OF STANDARDS 


Panel Test for Resistance to aa and Structural Spalling of High 
Heat Duty Fireclay Brick (C 107 - 36) 

Panel Test for Resistance to Thermal and Structural Spalling of Super 
Duty Fireclay Brick (C 122 — 37) 


IV. ApopTion oF TENTATIVE STANDARDS AS STANDARD 


Test for Cold Crushing Strength and Modulus of Buptwe of Retractors) 
Brick and Shapes (C 133 - 37 T). 
Chemical Analysis of Refractory Materials (C 18 - 37 T). 
Symbols for Heat Transmission (C 1 SA eee 
Definitions of Terms Relating to heh (C71 - 37 T), three defi- 
nitions 


V. ADOPTION AS STANDARD OF TENTATIVE REVISIONS OF STANDARDS 


= for Fireclay Brick for Malleable Furnaces with Removable Bungs and 
spec. for Fireclay Brick for Stationary Boiler Service (C 64 - 36)......_. 
spec. for Refractories for the Construction of Incinerators (C 106 - 36)..... 


VI. WiTHDRAWAL OF STANDARDS 


ec Aor Fireclay Brick for Marine Boiler Service (C 65 - 28)............ 
t for Refractory Materials Under ] L Load at High Temperatures (C 16 - 36) 


iriation of more than plus or minus 2 per cent 
on dimensions of 4 in. or over, and plus or minus 
} per cent on dimensions smaller than 4 in. 


VI. WirHDRAWAL OF STANDARDS 


It is recommended that the following 
standards be withdrawn: 


andard Specifications for Clay Fire Brick for 
Marine Boiler Service (C 65-28); this (I 
standard has served its period of usefulness 
and circumstances are such that it is not in 


order for the committee to attempt to revise 
it, 


11986 B Book of A.S.T.M. Standards, Part II, pp. 
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ACTIVITIES OF SUBCOMMITTEES 


Two new surveys 


oe oo- 


NNN 


ao 


ballot of the committee, which consists 
of 33 members, with the results shown 
in Table I. 


= 


Subcommittee I on Industrial Survey 
.. C. Hewitt, chairman) has continued 
in its productive work in the preparation 
of industrial surveys. 
were completed during the year, one 
for Conditions 


of 
cept 
that 
1 0 
0 4 
28 0 2 
— 
27 
27 
27 
30 
| | 
| 
“a 


Service in Lime Burning," and the other 
on Conditions Surrounding Refractory 
Service in Continuous Plate Glass and 
Window Glass Furnaces. These have 
been referred to letter ballot of the 
committee, which consists of 33 mem- 
bers, for approval for inclusion in the 
next edition of the Manual of A.S.T.M. 
Standards on Refractory Materials. 
On the former survey, 28 members 
returned their ballots, of whom 24 
voted affirmatively, 0 negatively, and 4 
members marked their ballots “not 
voting”; on the latter, 30 members 
returned their ballots, of whom 28 
voted affirmatively, 1 negatively, and 1 
member marked his ballot “‘not voting.” 
The subcommittee is considering a new 
list of subjects for the selection of its 
study. 

Subcommittee II on Research (R. S. 
Bradley, chairman) reports progress on 
_ the investigation of the design of back-up 
insulation for the panels in the panel 
spalling test. In conjunction with the 
- Section on Spalling, this subcommittee 
is endeavoring to collect confirming data 
- from several laboratories to show any 
variation of results that might be 
expected from the suggested revision of 
the procedure. 

Work has been done on the thermal 
analysis of clays as a means of estimating 
rapidly the clay minerals present in 
raw clay. 

Because of interest in long-time load 
tests, there has been collected an appre- 
ciable amount of data from tests using a 
24-hr. holding period in place of the 
usual 1} hr. The information shows 
that even after the 24-hr. period, the 
brick continue to subside. It appears 
that periods of 8 to 10 hr. would be as 


properties of types of brick. 
Subcommittee III on Tests (F. A. 


14 See p. 345. | 


16 See p. 349. 
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Harvey, chairman) is comprised of the 
chairmen of the seven sections men. 
tioned below. The subcommittee has 
developed a new method for measuring 
size and bulk density of fireclay brick, 
which is an improvement over the pres. 
ent method (C 134 — 38 T), giving more 
definite and detailed directions and the 
description of a procedure for making 
stack measurements. It includes 4 
method for determining bulk density 
but does not contain a method for meas- 
uring warpage; this is to be the subject 
of a separate procedure. 

Section A on Load (C. M. Dodd, 
chairman) has carried out a considerable 
amount of work in the study of the 
load test, resulting in a revised procedure 
which omits the test for silica brick 
and stipulates certain conditions which 
have been in general use but which 
were not incorporated in the present 
procedure (C 16 — 36). For example, 
25 psi. is the established load, the furnace 
is required to be operated with an 
oxidizing atmosphere above 800 C, 
and no specification is placed on the 
exact design of equipment used. There 
are included two new designs of furnaces 
which employ a direct load in place of 
the use of a lever; one furnace is heated 
electrically, and the second makes use 
of gas or oil. 

Section B on Spalling (R. E. Birch, 
chairman) has studied details of the 
panel spalling procedure (C 107 - 4 
and C 122 - 37) for the purpose o 
standardizing to a further degree the 
factors contributing to reproducibility 
of test results. Recommendations are 
being made for standardizing the furnace 
gas pressure during the 24-hr. preheat 
period. Studies have shown that this 
is an important factor in heat penette 
tion and consequent spalling loss. The 
back-up insulation work has been cot 
tinued with promising results, and stué 
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ies of the factors involved during the 
heating-up period just prior to spalling 
are being made. 

Section C on Temperature (R. B. 
Sosman, chairman) has collected useful 
information on the operation of the 
several types of P.C.E. furnaces now 
used. This has been made available 
to the members of the committee, but 
as yet no recommendation concerning 
exact furnace design can be offered. 

Section D on Slagging (C. E. Bales, 
chairman) has prepared a review of the 
literature on slag tests that have been 
developed and used in recent years. 
Comparatively little is being done on 
the slag test except the continuation 
of the work at the University of Illinois, 
which has to do with minor changes in 
their equipment and the correlation of 
the test data with actual service trials. 

Section E on Analysis (L. J. Trostel, 
chairman) is recommending the adop- 
tion as standard of the Tentative Meth- 
ods of Chemical Analysis of Refractory 
Materials (C 18 — 37 T) in view of the 
fact that no further changes or refine- 
ments are imminent. 

Section F on Tests on Refractory 
Insulation (W. C. Rueckel, chairman) 
has developed a revision of the methods 
lor determining the compressive and 
flexural strengths of insulating fire brick 
which is recommended for publication 
a tentative, replacing the present 
Methods C 93 - 34 T. The section has 
made considerable progress in one phase 
of its work by collecting useful informa- 
tion on the subject of testing insulating 

lock. Committee C-8 has reaffirmed 

belief that its activities should include 
nsulating materials which are used in 
the temperature range from 1000 F. 
upward, 
_ Section G on Porosity and Permanent 

‘olume Change (C. E. Fulton, chair- 
man) is obtaining basic information on 
the factors related to the determination 


On REFRACTORIES 


of porosity and volume of refractory 
materials. A progress report has given 
information on the size of sample, order 
of accuracy necessary in weighing, 
methods of filling the pores with water 
or other liquids, and the differences in 
porosity resulting from the position in 
the brick from which the test sample 
was taken. This work will result in a 
revision of the present Standard Method 
of Test for Porosity and Permanent 
Volume Changes in Refractory Ma- 
terials (C 20 — 33). 

Subcommittee IV on Heat Transfer 
(R. H. Heilman, chairman) is working 
in cooperation with the National Bureau 
of Standards in an endeavor to develop 
a more refined method for determining 
thermal conductivity so as to obtain a 
greater degree of accuracy. The work 
to date covers principally the calorimeter 
and a more satisfactory means of obtain- 
ing good contact between the sample 
and the test equipment. 

Several members of the committee 
are carrying out comparative tests on 
block insulation to determine the order 
of accuracy which might be expected 
when testing this material by present- 
day procedures and equipment. * 

Subcommittee V on Precision and 
Tolerance (R. A. Heindl, chairman) is 
developing a procedure to be used in the 
selection of clay samples in connection 
with the ground fireclay specifications; 
this is needed to complete the specifica- 
tions for the trade. 

Section A on Retest Data (L. J. 
Trostel, chairman) is conducting a 
statistical study to learn the order of 
variation which may be expected in 
the data obtained from the different 
tests. In this way it is expected that 
the committee will learn the limits of 
accuracy which may be expected from 
each test, and so provide the information 
necessary to prepare retest clauses for 
use in the several A.S.T.M. specifications 


ae 
242 
the 
nen- 
has 
ring 
rick, 
pres- 
more | 
1 the 
nsity 
| 


covering the selection of refractory ma- 
terials. This information is of a basic 
nature, applying not only to retesting 
but also in the general use of these tests. 

Subcommittee VI on Nomenclature 
(M. E. Holmes, chairman) is at present 
making a critical study of many of the 
present definitions, looking toward re- 
vising them so as to make them more 
specific. R.B.Sosman has been unable 
to devote time to this committee work 
because of other activities, and M. E. 
Holmes has taken over the chairmanship. 

Subcommittee VII on Specifications 
(G. A. Bole, chairman) plans to coop- 
erate with Committee C-7 on Lime in 
revising the Standard Specifications for 
Lime for the Manufacture of Silica 
Brick (C 49 — 24) in view of more recent 
practice in the silica brick industry. 

The subcommittee is recommending 
the withdrawal of the specifications for 
fireclay brick for marine boiler service 
(C 65 — 28) because they have outlived 


such that it is not in order to revise 

them in line with present maritime 
practice. 

A recommendation is being made to 


Refractories, (C 71-37 T), and 


(C108 - 39). 


their usefulness and circumstances are 
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incorporate new and more rigid size 
tolerances in the specifications for fire. 
clay brick (C 63 and C 64) and for 
refractories (C 106) in view of the new 
method for measuring size. 

Subcommittee VIII, Editorial (L. J. 
Trostel, chairman) has cooperated with 
Society Headquarters in preparing the 
standards of the committee for printing 
in the new double column format, 
which has recently been adopted. The 
Refractories Manual will be revised in 
the fall of 1940, making it a triennial 
edition. 


This report has been submitted to 
letter ballot of the committee which 
consists of 33 members; 27 members 
returned their ballots, all of whom have 
voted affirmatively. 


Respectfully submitted on behalf of 
the committee, 
D. SULLIVAN, 


Chairman. 
E. H. VAN SCHOICK, 
Vice-Chairman. 
‘S. M. PHELPS, 
Secretary. 


EDITORIAL NOTE 


7 Subsequent to the annual meeting Committee C-8 presented to the So- 
=a ciety through Committee E-10 on Standards the following recommendations: 
_ Proposed Tentative Methods of Test for Apparent Porosity, Water Ab- 
sorption, Apparent Specific Gravity, and Bulk Density of Burned Refrac- 

' tory Products (C 20 — 39 T), to replace the Standard Method of Test for 
- Porosity and Permanent Volume Changes in Refractory Materials (C 20 — 33), 
Proposed revisions of the Tentative Definitions of Terms Relating to 


Proposed tentative revision of Standard Symbols for Heat Transmission 
These recommendations were accepted by Committee E-10 on December 


4, 1939, and the new tentative standards and tentative revision appear in 
the 1939 Book of A.S.T.M. Standards, Part II. 
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Burnt lime, as it comes from the kilns, 
isnearly pure calcium oxide, or a mixture of 
calcium and a lesser amount of magnesium 
oxide. It may be of primary or secondary 
origin depending upon whether it is the 
product of calcination of naturally occurring 
calcium or magnesium carbonate rock or 
whether it is recovered from some in- 
dustrial process. Primary lime is made 
from nearly pure calcite, dolomite, a mix- 
ture of calcite and dolomite, or a massive 
variety of marine fossils. Oyster shells 
are also sometimes used. Secondary lime 
may be made from various lime-wastes, such 
as the lime-sludge from paper mills, sugar 
purification, or caustic soda manufacture. 

Most of the lime in this country is made 
in Ohio, Pennsylvania, Missouri, and West 
Virginia. Slightly over one-half of the 
production is chemical lime, about one 
quarter is building lime, and the remainder 
is divided between agricultural lime and 
refractory lime (dead-burned dolomite). 


KILNS 


Two kinds of continuous kilns are now 
generally used: the vertical and rotary. 
Vertical kilns are of the separate feed type 
in which the limestone and fuel are not 
brought into contact, or the mixed feed 
types in which stone and fuel are charged 
in alternate layers. Most vertical kilns 
of the separate feed type are fired with 
coal, but some of the more modern kilns use 
gas, either natural or producer, and oil. 
A few plants still use wood. The mixed 
feed vertical kilns use coke or anthracite 
coal. Rotary kilns use coal, oil, or gas. 
A typical separate feed vertical kiln is 
shown in Fig. 1 and a rotary kiln in Fig. 2. 


‘Reference has been omitted in this survey to the 
practice in the manufacture of dead-burned 
— since it is more comparable with the manu- 

facture of portland-cement clinker. 


APPENDIX I 
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CONDITIONS SURROUNDING REFRACTORY 
SERVICE IN LIME BURNING 


The process of lime burning in continuous 
kilns is comparatively simple. Stone of 
proper size is fed into the cold end where 
drying out takes place; it then passes to the 
preheating or calcining section, then to the 
burning zone, and finally to the cooling end. 
The rate of flow through the kiln depends 
upon the capacity and time required to 
burn the charge thoroughly. The capa- 
city of modern vertical kilns ranges from 


Fic. 1.—Vertical Kiln. 


20 to 100 tons perday. Rotaries range from 
40 to 150 tons per day on high-calcium lime 
and slightly more for magnesian limes. 

Burning temperatures are designed to 
completely drive off all the carbon dioxide. 
The temperature necessary for high-calcium 
stone is somewhat higher than that required 
for magnesian limestones. A loss in weight 
occurs in burning, due to liberation of the 
carbon dioxide. This wee amount to 
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about 44 per cent for pure calcite and about 
52 per cent for pure magnesium carbonate. 


REFRACTORY REQUIREMENTS 


While the design and operation of vertical 
and rotary kilns are greatly different in 
some respects, the refractory requirements 
of the lining material are frequently similar. 
Based on the flow of the material and the 
reactions taking place, kilns may be divided 
into four zones, common to each type with 
some overlapping of adjacent zones. In 


~ addition, the refractory requirements of the 
coolers which are part of the auxiliary 
equipment of rotary kilns must be consid- 
ered. Schematic drawings indicating these 
zones are shown in Fig. 3. 

Zone No. 1, the raw-feed end of the kiln 
requires a brick that is very hard in order to 
resist the abrasion of the incoming charge. 
The brick must also be dense to prevent 
absorption of moisture, frequently present 
in wet or frozen rock charged into vertical 
kilns, and the wet slurries sometimes 
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Zone No. 2, in which the calcination of 
the stone commences, is not typified by 
conditions of unusual severity, since the 
temperatures are too low to cause reaction 
between the burden and the lining. Fur- 
thermore, this zone, being considerably 
beyond the feed end, is not subject to the 
sudden changes in temperature which 
cause spalling. 

Zone No. 3, or the burning zone in which 
the most intense temperatures prevail, 
calls for a refractory best able to resist 


Courtesy of Allis-Chalmers Manufacturing Co. 


Fic. 2.—Rotary Kiln and Cooler for Lime Burning. 


10 ft. in diameter by 150 ft. in length 
7 ft. in diameter by 73 ft. in length 


reaction with the lime and certain im- 
purities. Some of these impurities, such 
as clay, may be associated with the rock; 
others may be present as the-ash from the 
coal or coke used in mixed-feed vertical 
kilns. Because of the chemical reactions 
in progress in this zone between the charge 
and the brick, the surfaces of the latter 
approach a plastic state. This makes re 
sistance to the abrasion of the descending 
load in vertical kilns of importance. 

In vertical kilns, zone No. 3 also includes 


charged into rotaries. the firebox arches, kiln eyes, and a height 
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of up to 5 to 10 ft. above the eyes. At these load of the superstructure of the kiln, and 
by points resistance to spalling, due to the the brick accordingly should have good 
he shrinkage of the refractory under heat and load-carrying capacity when heated. 
| 
ily 
he | 
ch 
ich | 
ail, 
sist 
| 
= Preheating Raw Feed and 
‘Ned | Burning and Colcining | ha 
10/77. 
Fic. 3.—Typical Zones of Vertical and Rotary Lime Kilns with Similar Refractory Requirements. — 
TABLE I.—CLASSIFICATION OF REFRACTORIES FOR LIME BURNING. 
‘ — Material |  Temperature* Slagging Spalling | Abrasion Load Remarks 
Zone 1..... Moderate and in- | Outdoor to 800 F. | None Unim- Severe Unim- Hard, dense fire 
termediate heat (425 C.) portant portant] brick, frequently 
duty fireclay | used in vertical 
fF brick kilns. 
Zone 2.....| High heat dut | 1000 to 1700 F. (540 | None Unim- Important} Unim- 
reclay bri | to 925 C.) portant portant 
Zone 3.....| Super duty and | Vertical kilns: 1500 | Severe at} Moder- | Important! Impor- | Burned and un- 
high heat duty to 2400 F. (815 to points | ate to tant in burned magnesite 
fireclay brick, to 1315 C.) ofmax-| severe vertical) brick are some- 
high alumina Rotary kilns: Max. imum | kilns times used for ex- 
brick, silica temp. may reach only tremely severe 
brick 2600 F. (1425 C.) service in rota- 
7 ries. Spalling may 
ing Co severe in fire- 
box arches of 
is vertical kilns. 
Zone 4..... High heat duty | Vertical kilns: 1800) None Slight to | Important) Unim- Spalling may be 
fireclay brick to 100 F. (980 to | severe portant] severe in nose 
38 C.) blocks of rota- 
1 jm- Rotary kilns: 1800 ries, or in vertical 
h to 1200 F. (980 to following shut- 
suc 650 C.) downs. 
rock; 
m the ooler....) High heat duty 1200 to 100 F. (650 | None Slight to | Important} None 
‘al and intermedi- | to 38 C.) moder- 
ertica ate duty fireclay | ate 
tions brick 
charge * The equivalent Centigrade temperatures given in parentheses are to the nearest five degrees. 
saa ‘o temperature changes during firing, as Conditions in the burning zone of rotary 
ondiog well as to pinching in arches improperly _ kilns are frequently more severe than those 
lid, becomes an important property. in vertical kilns. Most rotary kilns do not 
cludes The arches at the eyes frequently carry the readily pick up a protective coating in the 
height 
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burning zone, and since (in those producing 
primary lime) the particles are much smaller 
than in vertical kilns, there is a tendency 
for the reaction between the lime and the 
lining to proceed at a faster rate. In 
rotary kilns producing secondary lime re- 
claimed from certain processing residues, as 
in the paper and sugar industries, an ap- 
preciable amount of alkalies, which readily 
attack aluminum silicates at kiln tempera- 
tures is present. Accordingly, many high- 
alumina bricks are used for the burning 
zone of both primary and recovery lime 
kilns. Magnesite brick are also frequently 


used in burning zones of recovery lime 
kilns. 

Zone No. 4, which is the discharge end of 
both types of kilns, is not a zone of unusual 
severity. The lime charge is still hot, 
however, and spalling is to be guarded 
against, particularly in the case of the nose 
blocks of rotary kilns. 

Rotary Cooler (used only in conjunction 
with rotary kilns).—Except for a moderate 
amount of abrasion, no significant refrac- 
tories problems are likely to be met in the 
rotary cooler. 

Table I gives a classification of require- 


ments for refractories for lime burning, 
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SURVEY OF CONDITIONS SURROUNDING REFRACTORY 


SERVICE IN CONTINUOUS PLATE GLASS AND WINDOW GLASS 
FURNACES 


The portion of the glass industry engaged 
in producing plate glass and window glass is 
commonly termed the “flat glass” industry. 
Plate glass is mechanically ground and 
polished flat glass. Window glass is fire- 
finished flat glass. In general, both are 
soda-lime glasses and the melting procedures 
are similar. Continuous furnaces of many 
designs are used for melting these glasses. 
These designs depend largely upon the type 
of forming or drawing process employed. 
The continuous tank considered in this 
survey is suited in design for a plate glass 
blank rolling machine or a Colburn window 
glass machine. American manufacturers 
usually operate a tank furnace for the 
production of plate or of window glass, not 
both. Modern plate glass machines roll a 
sheet at much faster speeds than window 
glass machines draw a sheet. Consequently, 
plate glass furnace operating temperatures 
and daily tonnages are much higher. The 
temperatures given in the body of this 
survey are average for plate glass furnace 
peration, whereas those given in Table I 

ver the range from low window glass to 
high plate glass tank operation. 

The term “tank furnace’ designates a 
type of furnace in which the lower portion 
acts as a container in which the raw batch 

melted and the glass refined. The 
eparately supported upper portion, con- 
ting of side walls, and walls and crown, 
nines combustion directly above the 
glass. The burner-port openings are either 
the end or side walls of the upper portion, 
epending upon the furnace design. This 
irvey is confined to the side-port type of 
lumace. The fuel is natural gas. In 
lescribing the various furnace parts, refer- 
rence will be made to the specific dimensions 
given in the furnace drawings shown in 
Figs. 1 to 3, but it should be understood that 


furnace dimensions vary considerably, de- 
pending upon tonnage, depth, type of fuel, 
and structural features. 


FURNACE PARTS 


Melting Chamber or Melter.—The melting 
chamber (Fig. 1) is rectangular in shape, 
62 by 21 ft., and has a depth of 5 ft. The 
block, called flux block, used to build the 
melting chamber are either highly siliceous 
clay or high alumina types. These may 
take the form of hand made, machine made, 
or slip cast block, but the high alumina type 
is also made by casting molten material 
into molds to produce so-called electrocast 
block. Clay blocks 12 in. in thickness are 
usually used for the bottom. In a 5-ft. 
depth tank, the side wall has one or more 
horizontal joints. Therefore, the courses 
generally consist of a 24 by 36-in. block and 
a 24 by 24-in. block, or two 24 by 30-in. 
blocks. These blocks are 12 in. in thickness 
when of the clay type, and 8 in. or less in 
thickness when of the electrocast type. 
Sometimes five 12-in. courses are used. 
The average melting chamber temperature 
is about 2790 F. (1530 C.),! but some 
furnaces maintain higher temperatures rang- 
ing up to about 3000 F. (1650 C.) The 
purpose of this chamber is to bring about 
complete fusion and solution of the glass 
batch before it passes through the neck into 
the refining chamber. 

Refining Chamber or Refiner.—The re- 
fining chamber (Fig. 1) has the same depth 
and shape as the melting chamber. It is 
24 by 16 ft. It is built of the same type 
block as the melting chamber. Clay blocks 
are more common in this part of a furnace. 
Refining chambers may vary considerably 
in shape and size, depending upon the type 


1The equivalent Centigrade temperatures given in 
parentheses in this survey are to the nearest five degrees. 
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TABLE I.—CLASSIFICATION OF REFRACTORIES FOR FLAT GLASS INDUSTRY. 


Furnace Parts 


Melting chamber: 


Si 


Tank crown......... 
End walls.......... 


Breast walls and 


Plate Block....... 


Invert arches....... 


Port sills (Plate 
block) 


Burner block........ 


Port snouts: 
Sides. 


Port chambers: 


Material 


Highly siliceous 
d made, ma- 
or sli ip- 
block. Hig 
molten 
cast block 


Same as melting 
chamber 


Same as melting 
chamber 


Same as melting 
c ber 


Silica brick 


Silica brick. High- 
alumina block 


Silica block. High- 
alumina block. 
Molten cast block 


Silica shapes 


Silica block. High- 
alumina block. 
Molten cast block 


Silica block. High- 
alumina block. 
Molten cast block 


F block. 
High-alumina block 


High heat duty fire- 
High- 
ina brick 


High heat duty fire- 
clay brick. High- 
alumina brick 


High heat duty fire- 
clay brick. High- 
alumina brick 


High heat duty fire- 
clay brick 


h heat duty fire- 
y brick. Super 
fireclay brick 


Temperature 


2450 to 3000 F. 
(1345 to 
1650 C.) 


Up to 2900 F 
(1595 C.) 


Up to 2850 F 
(1565 C. 


Up to 3000 F. 
(1650 C.) 


Up to 3000 F. 
(1650 C.) 


Up to 3000 F. 


(1650 C.) 


Up to 3000 F. 


(1650 C.) 


Up to 3000 F. 


(1650 C.) 


Up to 2900 F 
(1595 C.) 


2500 F. (1370 
C.) max. 


2550 F. (1400 
C.) max. 


Slagging 
action 


Severe 


Severe 


Moderate 
to severe 


Moderate 
to severe 


Severe 


Severe 


Severe 


Severe 


Severe 


Severe 


Severe 


Severe 


Severe in 
upper 
portion; 
slight in 
lower 
portion 


Same as for 
regener- 
ator 
chamber 


Abrasion 


Severe 


Severe 


Slight 


Moderate 


Severe in 
some fur- 
naces 


Severe in 
some fur- 
naces 


Severe 


Severe 


Severe 


Severe 


Severe 


Severe 


Severe 


Severe 


Severe in 
upper 
portion 


Severe in 
upper 
portion 


Spalling 


Slight 


Slight 


Slight 


Slight 


Important 


Unimpor- 
tant 


Slight 


Important 


Slight 


Slight 


Important 


Slight 


Slight 


Slight 


Important 


Important 


Remarks 


Spalling is of 
great impor- 
tance during 
heating up 


Same as melting 
chamber 


Same as melti 
chamber 


Same as mel! 
chamber 


Spalling of plate 
block very im- 
portant when 
replaced during 
hot repair 


Same as plate 
block 


Same as plate 
block 


{ 
‘= 


Some limited use 
- of high-alumina 
brick in crowns 


Some use of spe 
cial magnesite 
brick 


= 350 
Tun 
Sides 
{ Ends Stac 
| | | Tue 
ae = = 
some i 
Neck: 
of 
ave 
mel 
ope 
| Up to 3000 F. | | son 
= (1650 C.) 285 
Up to 3000 F. | cha 
thr 
Up to 3000 F. | ma 
he 
cha 
Up to 3000 F. | 
wid 
Up to 3000 F. | in 
join 
a flow 
cha 
Uptakes......... 
bet 
| furr 
the 
a ; | the 
NY 
‘ 


elting 


ited use 
alumina 
crowns 


SURVEY OF REFRACTORIES IN FLAT GLASS INDUSTRY _ 351 


TABLE I.—Continued 


Furnace Parts Material Temperature 


Is (canal). heat- 
aes duty fireclay brick 


Stack...............| Intermediate and 
moderate heat duty 
fireclay brick 


Tuckstones Silica shapes. High- 
alumina shapes. 
Molten cast shapes 


Cooling chamber: | 


Bottom.........1 | Same as melting | Up to 2650F. 


Sides. . . chamber |} (1455 C.) 


Superstructure....| Silica brick and a 2650 F. 
4 ° 


shapes (1455 C.) 


Floaters Siliceous clay parts, | Up to 2650 F. 


handmade and slip) (1455 C.) 
cast 


Abrasion Spalling Remarks 


None 


None 


Severe Slight Watercoolers 

| sometimes re- 
place Tuck- 
stones 


Moderate | Moderate | Important 
to severe 


Slight None Important 


Moderate | Unimpor- | Important | Requires good 
to severe tant transverse 
| strength 


of sheet-forming machine used and the 
number of machines being fed by it. The 
average temperature of 2535 F. (1390 C.) 
is maintained solely by radiation, con- 
duction, and convection of heat from the 
melting chamber because no burner ports 
open directly into it. The temperature in 
some refining chambers may be as high as 
2850 F. (1565 C.). The purpose of this 
chamber is to permit the refining, or plain- 
ing, of the molten glass before it passes on 
through the cooling chamber to the forming 
machine. 

Neck.—The neck (Fig. 1) is the connecting 
chamber between the melting and refining 
chambers. It is 8 ft. in length by 10 ft. in 
vidth by 5 ft. in depth. By comparison 
n sectional area with the two chambers it 
joins, it is a considerable restriction to the 
flow of both the glass and the combustion 
products from the melting to the refining 
chamber. The neck may or may not be 
built of the same type block as the adjacent 
chambers. The practice varies somewhat 
between plate glass and window glass 
lumaces. The thickness of block is usually 
12 in. regardless of type because of the 
greater wear experienced. 

Doghouse.—As shown in Figs. 1 and 3, 
the doghouse is a small vestibule opening 
into the center of the rear end wall of the 
melting chamber. All of the batch fed to 
the furnace passes through it. A furnace 
may have one, two, or more doghouses 


depending upon the size of the furnace and 
the means of feeding the batch. Me- 
chanical batch feeders, if used, generally 
determine the design or completely eliminate 
this part of a furnace. Since the doghouse 
is one of the points of severest attack in the 
furnace, it is usually built of special block 
and, even then, of greater thickness than 
12 in. 

Regenerators and Checker Brick.—Fig- 
ures 1 and 2 show the gas and air regenera- 
tors which parallel both sides of the melting 
chamber. ‘The furnace under consideration 
is fired with natural gas; therefore, both 
generators are used for air and the gas is 
admitted at the burner block. This is not 
uncommon practice because otherwise, 
natural gas will crack and plug the checker 
chambers. The regenerator chambers may 
vary considerably in dimensions. ‘They 
are filled completely with a mass of open 
brickwork called “checkers.” Regular 9-in. 
fireclay brick, 2} by 44 by 134-in. brick, 
and 3 by 6 by 18-in. tile of the super duty 
and high heat duty types are used to 
construct checkers. The size of the cham- 
bers and the number of courses of checker 
brick depend upon the size of the melting 
chamber and the fuel used. If producer 
gas is used as fuel, the inside chamber is 
always the gas chamber. 

The preheating of air for combustion is 
essential for obtaining the high flame tem- 
peratures required in glass melting. In 
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Fic. 1.—Regenerative Type Glass Furnace, Sectional Plan. 


order to accomplish this, the combustion 
products and other hot gases pass from the 
elting chamber by way of the ports down 
through the checker chambers on one side 
of the furnace to the tunnels (canals). and 
out the stack. These outgoing gases heat 
up the top courses of checker brick to a 
usual temperature of about 2100 F. 
(1150 C.), with 2550 F. (1400 C.) as a 
maximum, which tapers off to around 
1350 F. (735 C.) in the bottom courses. 
Meanwhile, air for combustion is retracing 
the path of the outgoing gases through the 


set of checkers on the opposite side of the 
Skew Block 
a Crown 


Burner Block __ i 
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uptakes. The number of ports on a 
furnace varies according to size of the 
furnace. The furnace under consideration 
is a six-port furnace, meaning six ports on 
each side of the melting chamber. The 
uptakes are short vertical chimneys built 
on top of the regenerator crowns and con- 
necting the horizontal port chamber with 
the regenerator chambers. The division 
wall between the two checker chambers is 
continued up to form a division wall or 
bridge wall between the two air uptakes. 
This wall ends about midway of the port 
chamber. If producer gas is used, the wall 


4 


Flux Material Silica Material 


furnace. By reversing the flow of hot 
gases and air through the two sets of 
checkers at regular intervals, generally 20 
to 30 min., the high temperature preheat of 
the air is obtained and maintained. 
Ordinarily the regenerator chamber walls, 
hich are 18 to 23 in. in thickness, and the 
heckers are built entirely of high heat duty 
ieclay brick. Super duty fireclay brick 
and special magnesite brick, however, are 
metimes used to a limited extent for the 
P courses of checkers. 
Burner Ports—The port assembly, as 
town in Figs. 1 and 2, consists of a snout, 
4 port chamber, two burner blocks and two 


Fic. 2.—Regenerative Type Glass Furnace, Half Section on Center Line of First Port. 


Port Chamber. Snout \ ! 
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Fireclay Material 


is turned and continued as a horizontal 
division wall, termed tongue arch, to the 
snout. The short, tapered end of the 
port chamber is called the snout and con- 
nects the port chamber with the port 
opening. The port openings are located 
in the melting chamber breast walls. It is 
through these port openings that the air 
and gas enter and the combustion products 
leave the furnace. A burner block is set 
in each side wall of the snout. They aim 
the gas stream through the port opening 
into the furnace. Therefore, combustion 
begins in the port opening. The entire 
port assembly is built of at least high heat 
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duty fireclay brick and shapes. The major 
portion of all batch dust and volatilized 
batch ingredients is carried by the outgoing 
gases into the several ports nearest the 
doghouse or rear end wall. Because of 
this, it is rather common practice to line 
these ports partially or totally with special 
high alumina brick and shapes. 

Crown, Side and End Walls.—The crowns, 
side and end walls (Figs. 2 and 3)! comprise 
the upper portion of the furnace. This 
entire superstructure is supported by steel 
work at a level just above the top of the 
flux block. The flux blocks, therefore, do 
not support a load other than their own. 
Since the superstructure generally outlasts 
two or more replacements of flux block, the 
horizontal separation of the upper and lower 
portions of the furnace is essential. The 
side and end walls are built well back of the 
inside face of the flux block. These walls 
are 18 in. in thickness and generally con- 
structed of silica brick or block. For reasons 
mentioned under ports, a portion of the 
breast walls including jamb and sill block 
of the port openings nearest the rear end 
wall is often built of special high alumina or 
electrocast material. The crowns, or caps, 
of the neck and of the melting and refining 
chambers are built entirely of silica brick 
and usually laid up dry. Invert arches in 
the crown protect the port openings by 
distributing the thrust lengthwise to the 
skew block. 

Tuckstones.—Tuckstones are small brick 
of triangular or trapezoidal section used 
to seal the horizontal joint between the 
top of the flux block and the bottom of the 
ide and end walls. They are merely 
placed on top of the flux block. A com- 
bination of high alumina and silica tuck- 
stones is general practice. Water coolers 
are sometimes used instead of tuckstones. 

Cooling Chamber.—The cooling cham- 
et (Figs. 1 and 3) is an 8 by 10-ft. chamber 
i varying depth which supplies the form- 
ing machine with glass from the refining 
chamber. It is a type of forehearth. It 
also serves as a conditioning chamber for 
the molten glass preparatory to forming 
the sheet. The adjustable curtain arch 
and side wall burner openings permit con- 
tol of the conditioning. The depth of 
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glass in the cooling chamber is 18 in. 
throughout except for the sloping bottom 
block at the machine end of the chamber, 
which reduces the glass depth to 7 in. 
The type of furnace considered here has 
only one machine but larger furnaces have 
two machines. Each sheet drawing process 
has a forehearth designed to suit it, and 
with some processes, the number of drawing 
machines operated from one tank furnace 
may vary from one to ten or twelve. The 
bottom and side walls of the cooling chamber 
are constructed of flux block, usually the 
siliceous clay type. The superstructure is 
built entirely of silica brick and shapes. 
From the standpoint of glass quality pro- 
duced, forehearth refractories are very 
important. Sloughed refractory particles 
make stones in the sheet, and rapid solution 
of the flux block produces heterogeneous 
glass. The average temperature is around 
2425 F. (1330 C.), and the maximum about 
2650 F. (1455 C.). 

Floaters.—Floaters are movable dams, 
generally made of two or three interlocking 
pieces. One or two dams may be placed in 
the neck. Such a dam affects the con- 
vection currents in the molten glass and 
tends to prevent the passage of floating 
impurities into the refining chamber. Suit- 
able notches in the flux block side walls 
anchor the floaters. As the dam actually 
floats almost completely submerged in the 
glass, the depth of immersion depends upon 
the design of the floaters. Wherever 
possible, the glass manufacturer makes his 
own floaters. Highly siliceous clay is 
favored. Dams are far more common in 
window glass furnaces than in plate glass 
furnaces but by no means absolutely essen- 
tial to either. Floaters are replaced often. 
Debiteuse and skimmer block are, in gen- 
eral, similar to floaters. 


CooLING 


The artificial cooling of tank furnaces by 
air and water is essential. Provisions for 


cooling are part of the furnace design and are 
many and varied. Some manufacturers 
prefer air cooling, others prefer water 
cooling. 

No mortar of any kind is used in setting 
flux block, therefore, trueness of dimension 


| 
= 


js important in permitting close fitting 
joints. The cooling effect of the outside 
air circulation about the furnace is to solid- 
ify the glass in the joints, thereby prevent- 
ing leakage. The cooling requirements 
increase with the age of the furnace. Water 
jackets are practically always used at 
points of severest attack, such as the 
metal line, doghouse and neck corners, 
regardless of the general method of cooling 
employed. Emergency fans are kept ready 
at each furnace to concentrate cooling on 
any place that may require it. 
INSULATION 
The application of insulation to the tank 
furnace in the flat glass industry is hardly 
beyond the experimental stage except in the 
case of forehearths. With some forming 
processes, insulation of the forehearths has 
long been practiced. The insulation of 
regenerator chambers naturally leads in 
number of applications being tried. Stand- 
ard insulating brick are probably most 
favored. The insulation of uptakes, port 
side walls, and main furnace crowns is 
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being tried in some plants. The trend 
toward insulating tank furnaces, in part 
at least, is definitely growing. 


REFRACTORY LIFE 


Since regular furnace life may vary from 
less than 1 to more than 3 yr., depending 
upon the many factors involved, a state. 
ment on average service life of the various 
refractories used would be misleading. The 
variable factors are furnace design and size, 
composition of the glass batch, daily ton- 
nage melted, fuel used, and furnace opera- 
tion. Comparative calculations on furnace 
life are of little value unless all figures and 
factors involved are known. Rarely, if 
ever, are two campaigns on a single furnace 
the same. Some portion of the refractories 
in the furnace will serve two, three, or more 
campaigns. The accompanying Table | 
classifies the requirements of refractories 
used in the flat glass industry. The extent 
of the destructive influences under the 
several headings of Table I is based upon 
the maximum temperatures as stated. Load 
requirements of the various refractories used 
are not important enough to be listed. 
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_ REPORT OF COMMITTEE C-9 


CONCRETE AND CONCRETE AGGREGATES 


Committee C-9 on Concrete and Con- 
crete Aggregates held three meetings 
during the year: one in Washington, 
D. C., on November 29, 1938; one in 
Columbus, Ohio, on March 8, 1939; and 
one during the annual meeting of the 
Society in Atlantic City, N. J. 

The following papers are being pre- 
sented in appendices to this report: 


“A Statistical Analysis of Compression Tests 
on Mortar Cylinders, Cubes, and Prisms,’ by 
H. W. Leavitt and H. A. Pratt, submitted by 
Subcommittee XI on Evaluation of Data,! 

“Some Observations of the Water Vapor 
Permeability of Concrete,” by H. J. Barre, 
submitted by Subcommittee VIII on Permea- 
bility Tests of Concrete, and? 

“Methods for Measuring the Passage of 
Water Through Concrete,” by W. M. Dunagan, 
submitted by Subcommittee VIII on Permea- 
bility Tests of Concrete.* 


During the year Committee C-9 
established, with the approval of the 
Society, “The Sanford E. Thompson 
Award,” as an annual token of recogni- 
tion to the author or authors of a paper 
of outstanding merit on concrete or 
concrete aggregates presented at an 
annual meeting of the Society. The 
award is named in honor of the first 
chairman of Committee C-9. The pur- 
poses are to stimulate research, en- 

urage the presentation of results of 
investigations that extend the knowl- 
edge of concrete and concrete aggregates, 
and to recognize meritorious effort. 
the award is $50 and a suitable certifi- 
cate or certificates. The rules governing 

7 


the award are presented as Appendix III 
to this report. 

Subsequent to the 1938 annual meet- 
ing, Committee C-9 presented to the 
Society through Committee E-10 on 
Standards the following recommenda- 
tions which were accepted* by Com- 
mittee E-10 on August 25, 1938, and 
appear in the 1938 Proceedings :® 


Tentative Method of Test for Clay Lumps in 
Aggregates (C 142 —- 38 T), Revision of Ten- 
tative Method of Test for Abrasion of Coarse 
Aggregate by Use of the Los Angeles Machine 
(C 131-37 T), joint recommendation with 
Committee D-4 on Road and Paving Ma- 
terials, 

Tentative revision of Standard Method of 
Test for Unit Weight of Aggregate for Con- 
crete (C 29-27), in the form of a new 
tentative method (C 29-38 T), and 

Tentative revision of Standard Method of Test 
for Structural Strength of Fine Aggregate 
Using Constant-Water-Cement-Ratio Mortar 
(C 87 — 36). 


On the recommendation of Sub- 
committee IX on Specifications and 
Methods of Tests of Aggregates (H. F. 
Clemmer, chairman) the committee is 
presenting the following proposed 
methods for publication as information: 


Proposed Method of Test for Soundness of 
Aggregates by Use of Magnesium 
Sulfate:® 
This method was formulated by C. E. 


4 In submitting these recommendations to Committee 
E-10 on Standards, Committee C-9 reported the following 
results of the letter ballot vote of a total of 37 ballots re- 
turned from a committee membership of 61: C 142 —- 38 T 
and C 131-38T, affirmative 36, negative 0, ballots 
marked “‘not voting’’ 1; C 29 - 38 T, affirmative 35, nega- 
tive 2; C 87 — 36, affirmative 37, negative 0. 

5 Proceedings, Am. Soc. Testing Mats., Vol. 38, Part I, 
Pp. 806, 803, 817 1325, (1938); also 1938 Book of A.S.T.M. 

entative Standards, pp. 632, 629, 657, 1691. 


6 See p. 885 
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Wuerpel in an effort to overcome diffi- 
culties encountered in the existing Tenta- 
tive Method of Test for Soundness of 
Aggregates by Use of Sodium Sulfate or 
Magnesium Sulfate (C88-37T). A 
paper by Mr. Wuerpel in support of 
the proposed method appears as an 
appendix to this report.’ 


Proposed Method of Test for Organic 
_ Impurities in Sand by pH Value:* 


This method was developed by Ira 
Paul in response to a need for a test 
method which would aid in evaluating 
fine aggregates. A paper by Mr. Paul 
in support of the proposed method 
appears as an appendix to this report.® 


I. Revision or TENTATIVE STANDARD 


The Committee recommends that the 
Tentative Method of Test for Soundness 
of Aggregates by Use of Sodium Sulfate 
or Magnesium Sulfate (C 88 —- 37 T)" be 
revised as follows, as proposed by Sub- 
committee IX on Specifications and 
Methods of Tests of Aggregates (H. F. 
Clemmer, chairman) and continued as 
tentative: 

Section 1.—Change the last three sen- 
tences from their present form to read as 
follows: 


In selecting aggregates, consideration should 
be given to service records of the materials 
when exposed to actual weathering conditions 
_ over a period of at least 5 yr., but, in the absence 
of such information, the test method should be 
used as the basis of acceptance or rejection of 
the material. Either or both of these methods 
may be used. However, attention is called to 
the fact that the test results by the use of the 
two methods differ considerably and care must 
be exercised in fixing proper limits in any specifi- 
_ cations which may include requirements for 
these tests. 


7 Charles E. Wooepet, “Modified Procedure for Testing 
_ Concrete Aggregate Soundness by Use of Magnesium Sul- 
fate,” p. 882. 

8 See p. 898. 

Tra Paul, Laboratory Method for Determining 
the Organic Matter in Washed Fine Aggregates,” p. 892. 

10 Proceedings, Am. Soc. Testing Mats., Vol. 37, Part I, 
__p, 804 (1937); also 1938 Book of A.S.T.M. Tentative Stand- 
ards, p. 645. 
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Section 2 (c).—Change this section 
from its present form to read as follows; 


(c) Containers.—Containers for immersing 
the samples of aggregate in the solution, ip 
accordance with the procedure hereinafter de. 
scribed, shall be perforated in such a manner as 
to permit of free access of the solution to the 
sample and of drainage of the solution from the 
sample without loss of aggregate. The volume 
of the solution in which samples are immersed 
shall be at least five times the volume of the 
sample immersed at any one time. 

Note.—Baskets made of suitable wire mesh 
or sieves with suitable openings are satisfactory 
containers for the samples. 


II. REVISIONS OF STANDARDS 


The committee recommends for im- 
mediate adoption, revisions in the fol- 
lowing methods of test, proposed by 
Subcommittee VII on Methods and 
Apparatus for Testing Concrete (A. T. 
Goldbeck, chairman), and accordingly 
asks for the necessary nine-tenths vote 
at the annual meeting in order that 
these modifications may be referred to 
letter ballot of the Society: 


Standard Method of Making and Storing 
Compression Test Specimens of Concrete 
in the Field (C 31 — 38)" 

The revisions have been incorporated 
in the revised methods appended hereto.” 
Standard Methods of Making Compres- 

sion Tests of Concrete (C 39 -— 33):" 

Section 3—Omit the fifth sentence, 
which reads as follows: 


Aggregates shall be in a room-dry condition 
when used in concrete tests. 


Add the following at the end of this 
section: 


Aggregates shall be brought to an approxi 
mately saturated condition, containing surface 


11 1938 Supplement to Book of A.S.T.M. Standards, 
114 


p. 
it This method was adopted as standard by the Sociely 
and appears in the 1939 Book of ASTM. Standards, 
Part Il. 
18 1936 Book of A.S.T.M. Standards, Part II, p. 
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moisture in sufficiently small amounts to pre- 
dude loss by draining. The amounts of sur- 
face moisture on the coarse and fine aggregates 
shall be determined, prior to making concrete 
specimens, in accordance with the Tentative 
Method of Test for Specific Gravity and Ab- 
sorption of Fine Aggregate (A.S.T.M. Desig- 
nation: C 128) and the Tentative Method of 
Test for Specific Gravity and Absorption of 
Coarse Aggregate (A.S.T.M. Designation: 
(127) of the American Society for Testing 
Materials. 


Sections 5 and 6.—At the end of these 
sections add new Paragraphs (f) and (d), 
respectively, to read as follows: 


(f) Test for specific gravity and absorption 
made in accordance with the Tentative Method 
of Test for Specific Gravity and Absorption of 
Fine Aggregate (A.S.T.M. Designation: C 128). 

(d) Test for specific gravity and absorption 
made in accordance with the Tentative Method 
of Test for Specific Gravity and Absorption of 
Coarse Aggregate (A.S.T.M. Designation: 
C127). 


Section 10.—Change to read as follows 
by the addition of the italicized words 
and the omission of those in brackets: 


10. Concrete shall be mixed by hand in 
batches of such size as to leave a small quantity 
if concrete after molding a single test specimen 
ra series of identical test specimens to be tested 
ut different ages. The batch shall preferably be 
mixed in a shallow water-tight, clean, metal pan, 
with [a 10-in.] either a blunted bricklayer’s 
trowel [which has been blunted by cutting 
of about 24 in. of the point, as follows] or a 
shovel, whichever is most convenient, using the 
following procedure: 


Section 11.—Change from its present 
lorm to read as follows: 


ll. (a) Consistency.—The consistency of 
tach batch of concrete shall be measured im- 
mediately after mixing by one of the following 

ethods: (/) Slump test made in accordance 

ith the Tentative Method of Test for Consist- 
‘ney of Portland-Cement Concrete (A.S.T.M. 
Designation: D 138), or (2) Flow test made in 
cordance with the Tentative Method of Test 
‘ot Flow of Portland-Cement Concrete by Use of 
the Flow Table (A.S.T.M. Designation: C 124). 

(b) Vield.—The yield of each batch of con- 
‘rete shall be determined in accordance with the 
‘entative Method of Test for Yield of Concrete 

\S.T.M. Designation: C 138). 
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Section 14.—Change from its present 
form to read as follows: 


14. (a2) Two to four hours after molding, 
the test specimens, if made in metal molds, 
may be capped with a thin cap of neat-cement 
paste. The cap shall be formed by means of a 
piece of plate glass } in. in thickness or a ma- 
chined metal plate 4 in. in thickness and of a 
diameter 2 or 3 in. larger than that of the mold. 
The plate shall be worked on the cement paste 
until the plate rests on top of the mold. The 
cement for capping should be mixed to a stiff 
paste 2 to 4 hr. before it is to be used in order 
to avoid the tendency of the cap to shrink. 
Adhesion of the concrete to the top and bottom 
plates may be avoided by coating them with 
heavy oil or grease. 

(6) If specimens are not capped with neat- 
cement paste, they shall be capped before 
testing in such a manner that the ends are 
perfectly plane and at right angles to the axis 
of the cylinder. The material used for capping 
and the thickness of the cap shall be such that 
it will not flow or fracture under the load. 

Note.—It is desirable that the capping 
material have a value for modulus of elasticity 
equal to or greater than that of the concrete. 


Section 20.—Change to read as fol- 
lows by the addition of the italicized 
words and the omission of those in 
brackets: 


20. The load shall be applied [uniformly and] 
without shock. The moving head of the screw 
type of testing machine shall travel at the rate 
of about 0.05 in. per min. when the machine is 
running idle. Jn hydraulic machines the load- 
ing shall be adjusted to a constant rate within the 
limits of 35 + 15 psi. per sec. 


Section 24 (e).—Change to read as 
follows by the addition of the italicized 
word and the omission of the words in 
brackets: 


(e) The method of measuring [workability 
or plasticity] consistency with “slump” or “flow” 
of concrete; 


Standard Methods of Securing Specimens 
of Hardened Concrete from the Structure 
(C 42 — 31): 


Section 6.—At the end of this section 
add a note to read as follows: 


4 1936 Book of A.S.T.M. Standards, Part II, p. 351. 
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Nore.—It is desirable that the capping ma- 
terial have a value for modulus of elasticity 
. equal to or greater than that of the concrete. 


Section7.—A minor editorial rear- 
rangement will be made in the table of 
strength correction factors. Following 
the table add a sentence to read as 
follows: 


; The specimen shall be measured for height 
; 2 after it has been capped. 


Section 8—Change the last sentence 
to read as follows by the addition of the 
italicized words and the omission of 
. those in brackets: 


In order that the tests may be made under 
uniform conditions as to moisture content, the 
test specimens shall be completely submerged 
in water at room temperature for 24 to 48 hr. 
jand the compression test shall be made imme- 
diately thereafter] immediately prior to the com- 
pression test. 


Standard Method of Test for Flexural 
Strength of Concrete (Laboratory Method 
Using Simple Beam With Third Point 
Loading) (C 78 — 38): 
Section 2 (c).—Omit the first sentence 
which reads as follows: 


when used in concrete tests. 


_ At the end of this section add two new 
7 sentences to read as follows: 


. Aggregates shall be in a room-dry condition 
Aggregates shall be brought to an approxi- 
mately saturated condition, containing surface 
moisture in sufficiently small amounts to pre- 
clude loss by draining. The amounts of sur- 
face moisture on the coarse and fine aggregates 
shall be determined prior to making concrete 
specimens, in accordance with the Tentative 
Method of Test for Specific Gravity and Ab- 
sorption of Fine Aggregate (A.S.T.M. Desig- 
nation: C 128) and the Tentative Method of 
Test for Specific Gravity and Absorption of 
Coarse Aggregate (A.S.T.M. Designation: 
C 127). 


Section 9 (a).—Change from its pres- 
ent form: namely, 


— Supplement to Book of A.S.T.M. Standards, 
Pp. 
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9. (a) The following minimum cross-sections 
shall be used for the flexure test specimens: 


Size of Coarse - Width, Depth, 

Aggregate, In. In. In. 
6 6 
6 


to read as follows: 


9. (a) The cross-section of the test specimen 
shall be 6 by 6 in. 


Section 11.—Change this section from 
its present form to read as follows: 

11. (a) Consistency.—The consistency of 
each batch of concrete shall be measured im- 
mediately after mixing by one of the following 
methods: (/) Slump test made in accordance 
with the Tentative Method of Test for Consis- 
tency of Portland-Cement Concrete (A.S.T.M. 
Designation: D 138), or (2) Flow test made in 
accordance with the Standard Method of Test 
for Flow of Portland-Cement Concrete by Use 
of the Flow Table (A.S.T.M. Designation: 
C 124). 

(b) Yield.—The yield of each batch of con- 
crete shall be determined in accordance with the 
Tentative Method of Test for Yield of Concrete 
(A.S.T.M. Designation: C 138). 


Section 18.—Change the first part 
of the first sentence from ‘“The specimen 
with the molded top up,...” to read 
“The specimen with its molded side 

Section 19.—Change the eighth line 
of Paragraph (a) from “The specific 
gravity” to read “The specific gravity 
and absorption.” 

Change Paragraph (d) to read a 
follows by the addition of the italicized 
word: 


(d) The consistency, slump, or flow of each 
batch of concrete. 


Standard Method of Making Com- 
pression Tests of Concrete Using 
Portions of Beams Broken in Flexure 
(C 116 — 36):° 
Section 1.—Change to read as follows 

by the omission of the words in brackets: 


1. This method is intended to cover com 
pression tests of concrete using for the test spe” 


6 1936 Book of A.S.T.M. Standards, Part II, p- # 
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mens portions of beams broken in flexure [in 
accordance with the Standard Laboratory 
Method of Making Flexure Tests of Concrete 


tsing a Simple Beam with Third Point Loading 
6 (4S.T.M. Designation: C 78) of the American 
0 Society for Testing Materials, or portions 
of beams having a square cross-section molded 
and tested in accordance with other recog- 
scien nized methods}. 
Section 3.—Change the first two sen- 
. from tences to read as follows by the addition 
| of the italicized words and the omission 
of those in brackets: 
cy of 
nd im- 3. [If the sides of the beam as cast consist 
lowing plane, smooth surfaces accurate to 0.005 in., 
yrdance capping will be necessary. If the sides of 
Consis- the beam as cast are not true planes they] The 
S.TM. p and bottom of the beam shall be capped in 
nade in ih a manner that plane surfaces are secured 
of Test opposite sides of the beam as cast]. 
by Use 
odie Add the following sentence at the end 
{ this section: 
of ord During the interval between testing of speci- 
with the ens as beams and testing the broken portions 
oncrele s cubes, the specimens shall be kept moist 
y sterage in a moist closet or under wet burlap. 
part Section 5—-Change from its present 
ecimen 
lorm: namely, 
d side 5. The load shall be applied uniformly and 
| thout shock. The rate of application of 
; id shall be not in excess of that applied by a 
th line sting machine, the moving head of which 
speci ler no load travels at the rate of 0.05 in. 
gravity 
read as follows: 
ead as 5. The load shall be applied without shock. 
alicized moving head of the screw type of testing 
hine shall travel at the rate of about 0.05 
‘. per min. when the machine is running idle. 
} of each hydraulic machines the loading shall be 
ijusted to a constant rate within the limits of 
Com- ) + 15 psi. per sec. 
Using imdard Method of Test for Flow of 
Flexure Portland-Cement Concrete by Use of 
the Flow Table (C 124 38) 
rackets: _ Section 3.—Change this section from 
‘present form to read as follows: 
ver 
test speci 
tI, Supplement to Book of A.S.T.M. Standards, 
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3. Samples of concrete for test specimens 
shall be taken at the mixer, or in the case of 
ready-mixed concrete, from the transportation 
vehicle during discharge. The sample of con- 
crete from which test specimens are made shall 
be representative of the entire batch. Such 
samples shall be obtained by repeatedly pass-— 
ing a scoop or pail through the discharging 
stream of concrete, starting the sampling opera- _ 
tion at the beginning of discharge and repeating 
the operation until the entire batch is dis- 
charged. The sample thus obtained shall be 
transported to the place of molding of the 
specimen and to counteract segregation the 
concrete shall be mixed with a shovel until it 
is uniform in appearance. The location in 
the work of the batch of concrete thus sampled, 
shall be noted for future reference. In the case 
of paving concrete, samples may be taken from 
the batch immediately after depositing on the 
subgrade. At least five samples shall be taken 
from different portions of the pile and these 
samples shall be thoroughly mixed to form the 
test specimen. 


Section 4.—Change the next to the 
last sentence to read as follows by the 
addition of the italicized figure and the 
omission of the figure in brackets: 

The table shall then be raised and dropped 
3 in., 15 times in about [10] /5 sec. 

III. ADorpTion OF TENTATIVE 
STANDARDS AS STANDARD 


The committee recommends that the 
following tentative standards be ap- 
proved for reference to letter ballot of 


the Society for adoption as standard: re 


Tentative Specifications for: 


Concrete Aggregates (C 33 — 37 T),'8 
Lightweight Aggregate for Concrete 
(C 130 — 37 T),}8 


Tentative Methods of Test for: 
Coal and Lignite in Sand (C 123 — 36 T),® 
Specific Gravity and Absorption of Coarse 
Aggregate (C 127 36 T),}® 
Specific Gravity and Absorption of Fine 
Aggregate (C 128 — 36 T),!® with an editorial 


revision in Section 2 (b) changing the cali- 
_ bration of the 500-ml. flask from ‘0.1 ml.” 


to “0.15 ml.” 

18 Proceedings, Am. Soc. Testing Mats., Vol. 37, Part I, 
pp. 792, 798 (1937); also 1938 Book of A.S.T.M. Tentative 
Standards, pp. 620, 626. 

19 Proceedings, Am. Soc. Testing Mats., Vol. 36, Part I, 
pp. 794, 805, 808, 811 (1936); also 1938 Book of A.S.T.M. 
Tentative Standards, pp. 634, 651, 654, 662. 


>Ctions 
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Sieve Analysis of Fine and Coarse Aggregates 
(C 136 — 38 T),”° 
Yield of Concrete (C 138 — 38 T),?° 
Clay Lumps in Aggregate (C 142 
and 
Tentative Definitions of Terms Relating to 
Concrete and Concrete Aggregates 
(C 125-367), definitions for “admix- 
ture,” “crushed stone,” “fineness modulus,” 
and “gravel.” 


38 T),29 


The committee recommends that the 
following two tentative methods be 
approved for reference to letter ballot 
of the Society for adoption as standard 
with revisions as indicated below: 


Tentative Method of Test for Abrasion 
of Coarse Aggregate by Use of the Los 
Angeles Machine (C 131-38 T),” revi- 
sions proposed by Subcommittee LX on 
Specifications and Methods of Tests of 
Aggregates (H. F. Clemmer, chairman), 
joint recommendation of Committee 
C-9 and Committee D-4 on Road and 
Paving Materials: 

Section 2.—Change the sixth sentence 


to read as follows by the addition of the 
italicized words: 


The cover shall be so designed as to maintain 
the cylindrical contour of the interior surface 
unless the shelf is so located that the charge will 
not fall on the cover, or come in contact with it 
during the test. 


Section 3 (b).Change Note to 
this section from its present form: 
namely, 


Norte.—The limiting weight for each cast- 
iron or steel sphere permits the use of a charge 
consisting of a mixture of steel balls 1] in. 
and 14% in. in diameter. When steel spheres 
heavier than the prescribed weights are ob- 
tained, it is suggested that they be reduced in 
size by grinding. Cast-iron spheres, uniform 
in size, meeting these specifications are readily 
available. 


to read as follows: 
Nore.—Steel spheres 19} in. in diameter 


and weighing 417 g. can be obtained from at 


20 Proceedings, Am. Soc. Testing Mats., Vol. 38, " art I. 
op. 808, 819, 806, 803 (1938); also 1938 Book of A.S.T.M, 
Tentative Standards, pp. 636, 659, 632, 629. 


| 


least one manufacturer. If they are nut readily 
available the next larger size {1} in.) may by 
ground to size. Cast-iron spheres, uniform j; 
size, meeting these specifications are availabl 


Tentative Method of Test for Con. 
sistency of Portland-Cement Concrey 
(D 138 — 32 T),”* revisions proposed }y 
Subcommittee VII on Methods ané 
Apparatus for Testing Concrete (A. T 
Goldbeck, chairman): 

Section 3.—Change this section from 
its present form to read the same a 
Section 3 of Standard Method C 124, 
recommended above. 

Section 4.—Change the first sentence 
to read as follows by the addition of the 
italicized words: 

The mold shall be dampened and placed ons 
flat, moist, non-absorbent surface. From th 
sample of concrete obtained as previously described, 
the mold shall immediately be filled in three 


layers, each approximately one-third the volume 
of the mold. 


Section 5.—Add a note at the end of 
this section to read as follows: 


Note.—After the slump measurement is 
completed, the side of the concrete frustrum 
should be tapped gently with the tamping rod. 
The behavior of the concrete under this treat: 
ment is a valuable indication of the cohesiveness, 
workability, and placeability of the mix. A 
well proportioned workable mix will gradually 
slump to lower elevations and retain its orig 
inal identity, while a poor mix will crumble, 
segregate, and fall apart. 


IV. ADOPTION AS STANDARD OF 
TENTATIVE REVISIONS OF 
STANDARDS 


The committee recommends that the 
tentative revisions” of the following two 
standards which were accepted for 
publication in August, °1938, through 
Committee E-10 on Standards, be 
adopted as standard and accordingly 
asks for the necessary nine-tenths vole 


21 Proceedings, Am. Soc. Testing Mats., Vol. 32, Patt! 
p. 775 (1932); also 1938 Book of A.S.T.M. Tentative Stan 
ards, p. 935. 
22 Proceedings, Am. Soc. Testing Mats., Vol. 38, Patt! 
pp. 1325, 817 (1938); also 1938 Book of A.S.T.M. Tentativt 


Standar ds » Pp. 1691, 657. 
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On CONCRETE AND CONCRETE AGGREGATES | 


ready @ at the annual meeting in order that Section 6.—Change to read as follows 
may te ® these modifications may be referred to by the addition of the italicized words: 
jorm ir ter ballot of the Society: 
er ballot of the society: : 
ailable let 6. The jigging method is applicable to ag- 
: gregates having a maximum size greater than 
Cor Standard Method of Test for Structural 9 in. and not to exceed 4 in. 
oncrele Strength of Fine Aggregate Using Con- 
ed “ stant W ater-Cement-Ratio Mortar (C 87 - New Section.—Add a new Section 7 
5 a 36), and covering Loose Weight Determination 
(A. Standard Method of Test for Unit to read as follows, renumbering the 
Weight of Aggregate for Concrete (C29~ present Section 7 as Section 8: > 
from 
as TABLE I.—ANALYSIS OF LETTER BALLOT VOTE. 
124 as Ballots 
Items Affirmative Negative | 
“Not Voting’’ 
on 
tence I. REVISION OF TENTATIVE STANDARD | 
l of the t for Soundness of - eatioataes by Use of Sodium Sulfate or Magnesium | 
II. REVISIONS OF STANDARDS | _ 
ced ono (For Immediate Adoption) | 
‘rom the king and Storing Compression Test pepevenen of Concrete in the 
: Field (C 31 — 38) 44 2 1 
Lescribed, king Compression Tests of Concrete (C 39 - 33) 43 2 2 
in three iring Specimens of Hardened Concrete from the Structure (C 42 - 31) 43 2 1 - 
| t for Flexural Strength of Concrete (Laboratory Method Using Simple 
€ volume am with Third Point Loading) (C 78 - 38) 41 0 6 7 
king Compression Tests of Concrete Using Portions of Beams Broken 
Flexure (Modified Cube Method) (C 116 - 36) 41 1 5 
end of 4 = of Portland-Cement Concrete well Use of the Flow Table | 
III. Apoption OF TENTATIVE STANDARDS AS STANDARD 
. for Concrete Aggregate (C 33 - 37 T) 44 0 2 
ement is . for Lightweight Aggregate for Concrete (C 130 - 37 T).... thot 38 0 8 ; 
t for Coal and Lignite in Sand (C 123 - 36 T) 42 1 4 
frustrum t for Specific Gravity and Absorption of Coarse Aggregate (C 127 - 
ping rod. T) 44 0 2 
: for Specific Gravity and Absorption of Fine Aggregate (C 128 - 36 T) 42 1 3 7 
his treat- t for Sieve Analysis of Fine and Coarse Aggregates (C 136 ~ 38 T) 45 0 1 
esiveness, t for Yield of Concrete (C 138 - 38 T).. Yeas 45 0 1 
\ t for Clay Lumps in Aggregate (C 142 - 38 T) 42 1 3 
- mix. nitions of Terms Relating to Concrete aaa Concrete Aggregates | 
gradually 125 - 36 T), four definitions } 34 1 2 
“ “i t for Abrasion of Coarse Aggregate by Use of the Los Angeles Machine 
1 its ong 131 ~ 38 T), as revised 41 1 5 
crumble t , Consistency of Portland- Cement Concrete (D 138 - 32 T), as 
| 46 1 
¥. ApopTION AS STANDARD OF TENTATIVE REVISIONS OF STANDARDS 
D OF t for Structural Strength of Fine Aggregate Using Constant Water- | 
ement-Ratio Mortar (C 87 ~ 36 ) 38 2 7 
\F t for Unit Weight of Aggregate for Concrete (C 29 —- 27).............. | 45 1 1 
that th ),in the form of Tentative Method 7. This method is applicable to aggregates 
wing tw Test for Unit Weight of Aggregate having a maximum size of 4 in. or less. The 
for ‘19-38 ‘sion ‘measure shall be filled to overflowing by means 
)s a uF er revisio of a shovel or scoop, the aggregate being dis- 
thr : oposed by Subcommittee IX on charged from a height of not to exceed 2 in. 
ards, pecifications and Methods of Tests about the top of the measure. Care shall be 
cording! Aggregate (H. F. Clemmer, chair- taken to prevent, so far as possible, segregation- 
aths vote an), as follows: of the particle sizes of which the sample is 
Se fi x a i composed. The surface of the aggregate shall 
ol. 32, Part , chon 5.—Add a ral heading then be leveled off with the fingers or a straight 
tative Stas lore this section to read “Compact — edge in such a way that any slight projections 
ae Weight Determination.” of the larger pieces of the coarse aggregate 
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- ghall balance the larger voids in the surface 
_ below the top of the measure. 


The recommendations appearing in 
this report have been submitted to letter 


ballot of the committee which consists - 


of 68 members, with the results shown 
in Table I. 


This report has been submitted to 
~ letter ballot of the committee which con- 


a 


sists of 68 members; 44 members re. 
turned their ballots, of whom 43 have 
voted affirmatively and 0 negatively. 


Respectfully submitted on behalf of 
the committee, 


-F. H. Jackson, 
Chairman. 


R. R. LITEHISER, 


Secretary. 
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APPENDIX 


1 


RULES GOVERNING THE SANFORD E. THOMPSON AWARD 


SPONSORED BY COMMITTEE C-9 ON CONCRETE AND CONCRETE AGGREGATES - 


The Sanford E. Thompson Award was established in 1938 by Committee 
C-9 on Concrete and Concrete Aggregates of the American Society for Test- 
ing Materials as an annual token of recognition to the author or authors of a 
paper of outstanding merit on concrete or concrete aggregates presented at an 
annual meeting of the Society. The award is named in honor of the first 


chairman of the committee. 


The purposes are to stimulate research, en- 


courage the presentation of results of investigations that extend the knowledge 
of concrete and concrete aggregates, and to recognize meritorious efforts. 


1. The Advisory Committee of Commit- 
tee C-9 shall appoint annually at its fall 
meeting a Committee on Award, consisting 
of three members of Committee C-9. Mem- 
bers of the Society’s Committee E-6 on 
Papers and Publications of the Society shall 
not serve as members of the Award Com- 
mittee. 

2. The Committee on Award shall re- 
view the eligible papers on concrete and con- 
crete aggregates presented at the preceding 
annual meeting of the Society. Papers to 
be eligible for the award shall be the bona 

de production of those who contribute 
them and shall not have been previously 
made public nor contributed elsewhere. 
Papers duly accepted by the Committee 
on Papers and Publications for presentation 
at the preceding annual meeting, including 
papers accepted for publication as appen- 

ices to the report of the committee, shall 
eligible. 

3. The Committee on Award shall ad- 

vise the ay Committee of Committee 


C-9 not later than the spring meeting of 
Committee C-9 of the paper selected for the 
award. The person or persons so selected 
to receive the award and the Executive 
Committee of the Society shall be notified 
by the Advisory Committee. 

4. The award shall be made at a session 
on concrete held during the annual meeting 
of the Society following that at which the 
selected paper was presented. 

5. When in the opinion of the Committee 
on Award, none of the papers is worthy of 
the award, no award shall be made for that 
year. 

6. The award shall be Fifty Dollars ($50) 
and a suitable certificate or certificates. 
Funds for the award shall be provided by 
Committee C-9. 

7. The Advisory Committee of Com- 
mittee C-9 shall have authority to decide 
any questions not specifically covered by 
these rules, and to make such modifications 
thereof as it may deem desirable. 


all 


have 
ly. 
ON, 


| 


= 


REPORT OF COMMITTEE C-11 


ON 


GYPSUM 


Committee C-11 on Gypsum has held 
one meeting during the past year, at the 

National Bureau of Standards in Wash- 
ington, D. C., on April 12, 1939. 

ACTIVITIES OF SUBCOMMITTEES 

Subcommittee II on Gypsum Plasters 
(J. M. Porter, chairman), and Subcom- 
mittee IV on Testing Methods (C. K. Roos, 
chairman).—These two subcommittees, 
working together, have been particularly 
active in the review of Specifications for 
Keene’s Cement (C 61-30) and for 
Gypsum Plasters (C 28 30). In addi- 
tion to the tentative revisions in these 
standards which were made last year, 
some of which are now recommended for 
adoption as standard, several additional 
revisions are being recommended, as 
mentioned later in this report. 


I. REVISIONS OF STANDARDS 


Standard Methods of Testing Gypsum 
and Gypsum Products (C 26 — 33).'\—The 
Standard Specifications for Gypsum 
Plasters (C 28 — 30) specify not less than 
1 per cent by weight of wood fiber in 
wood-fibered plaster. However, there 
is no method for the determination of 
the wood fiber content included in the 
Standard Methods of Testing Gypsum 
and Gypsum Products (C 26 ~- 33). The 
National Bureau of Standards has 
suggested two methods: an elutriation 
method, and an ammonium acetate 
method. These methods have been 
checked by several members of Subcom- 


1 1936 ~ 11936 Book of A.S.T.M. Standards, Part II, p. 106. 


mittees I] and IV, and both methods 
were found to be reasonably accurate. 
The elutriation method, however, is 
simpler and quicker. Committee C-1! 
accordingly presents for publication as 
tentative, the following revision of Meth- 
ods C 26: 

New Section.—Add the following sec- 
tion for determining wood fiber content 
in wood-fibered gypsum plaster as a new 
Section 34, renumbering the subsequent 
sections accordingly: 


34. Determination of Wood Fiber Content 
in Wood-Fibered Gypsum Plaster.—A_ 100-¢. 
sample of wood-fibered plaster, as prepared in 
Section 1, shall be placed on a No. 30 (59- 
micron) sieve nested over a No. 100 (149-micron) 
sieve. The plaster on the No. 30 sieve shall 
then be washed with a stream of cold water, 
removing the No. 30 sieve when the fiber on it 
is practically or entirely free of plaster. The 
material on the No. 100 sieve shall next be 
washed until the bulk of the plaster has been 
washed through the sieve and the residue is 
mainly fiber. The material retained on the 
No. 100 sieve shall then be transferred to 4 
3-qt. vitreous enamel lipped pan, adding the 
charge on the No. 30 sieve if the fiber contains 
any adhering particles of plaster. The material 
in the pan shall then be elutriated (purified by 
washing and straining; effecting as clean a sep- 
aration of fiber from plaster as is feasible) catch 
ing the elutriated fibers on a No. 100 sieve. To 
avoid loss of the fine particles of fiber, it may be 
necessary to make the transfer from the pan ' 
the No. 100 sieve by several stages of washing, 
stirring the charge, and quickly pouring up0! 
the sieve the fiber flotations, repeating the elu- 
triation procedure several times. The fiber col- 
lected on the No. 100 sieve shall then be & 
amined, and the elutriation shall be repeated I! 
it seems desirable. 


th 

ov 

pa 
sie 

wh 

Ire 
fib 

to 

hal 
enc 
7 

lot 
AST 
for 

dr 
) 
Sal 
wh 
con 
= m 
ne 
r it 
nir 
] 
ref 
i 
II, 
7 
e 

| 
1 


‘thods 
urate. 
er, is 
ion as 


Meth- 


1g SeC- 
ontent 
a new 
equent 


Content 
100-g. 
pared in 
30 (590- 
-micron) 
‘ve shall 
d water, 
ber on it 
er. The 

next be 
has been 
esidue is 
1 on the 
red to 4 
iding the 
- contains 
» material 
urified by 
a Sep 
catch 
jeve. 
it may be 
the pan t 
f washing 
ring up? 
1g the elu 
e fiber co 
nen be 
repeated 


7 


The sieves (or sieve, as the case may be) with 
the residue contained therein shall then be dried 
overnight in an oven maintained at a tempera- 
ture of 45 C. The sieves, or sieve, shall then 
be carefully inverted over a piece of white paper, 
and the residual material transferred to the 
paper by brushing the bottom of the inverted 
sieve. The transferred material shall then be 
examined visually, noting whether the separa- 
tion of fibers from plaster has been complete. 
The material shall then be transferred to a 
weighed platinum crucible and dried to constant 
seight at a temperature of 45 C. If the previ- 
us visual examination of the charge on the 
white paper showed that the fiber was practically 
free of particles of plaster, the weight of the 
fiber dried at 45 C., divided by 100, corresponds 

the percentage of fiber. If, on the other 

ind, the visual examination revealed the pres- 

ence of an appreciable quantity of plaster as- 
sociated with the fiber, the contents of the 
rucible shall be ignited carefully to constant 
weight. The loss on ignition, divided by 100, 
shall, in this case, correspond to the percentage 
f fiber. 


Standard Definitions of Terms Relating 
tothe Gypsum Industry (C 11 — 28).2—In- 
asmuch as the Standard Specifications 
for Gypsum Plastering Sand were with- 
drawn several years ago, and as there 
are now Tentative Specifications for 
Sand for Use in Plaster (C 35 — 36 T) 
which contain a definition for sand, the 
committee recommends the immediate 
mission from Definitions C 11 — 28 of 
the definition given below. The com- 
mittee accordingly asks for the necessary 
nine-tenths vote at the annual meeting 

order that this modification may be 

erred to letter ballot of the Society: 

Gypsum Plastering Sand.—The fine granular 

terial naturally or artificially produced by 

¢ disintegration of rock, containing not less 

an 80 per cent by weight of silica, feldspar, 

lomite, magnesite or calcite. 

il. ADOPTION OF TENTATIVE STANDARD 
AS STANDARD 


Tentative Specifications for Sand for 
sein Plaster (C 35 — 36 T).8 ~The com- 


; 1936 Book of A.S.T.M. Standards, Part II, p. 117. 
roceedings, Am. Soc. Testing Mats., Vol. 36, Part I, 


171 (1936); also 1938 Book of A.S.T.M. Tentative 
andards, p. 505, 


mittee recommends that these specifica- 
tions, which are under the joint jurisdic- 
tion of Committee C-7 on Lime and 
Committee C-11, be approved for refer- 
ence to letter ballot of the Society for 
adoption as standard with the following 
revision. Committee C-7 concurs in 
this recommendation.‘ 

Section 2.—Add a new Paragraph (6) 
to read as follows, relettering the present 
Paragraph (0) as (c): 


(b) The amount of material finer than a 
No. 200 (74-micron) sieve, shall not exceed 5 
per cent. 


Section 3.-Omit this section which 
reads as follows, renumbering the sub- 
sequent sections accordingly: 


3. The amount of deleterious substances, in- 
cluding material finer than a No. 200 sieve, 
shall not exceed 5 per cent. 


Section 5 (b).—Change the heading 
“‘Deleterious Substances” to read ‘‘Ma- 
terial Finer than No. 200 Sieve.”’ 


III. ADopTion AS STANDARD OF 
TENTATIVE REVISIONS OF 
STANDARDS 


Standard Specifications for Gypsum 
Plasters (C 28 — 30; A.S.A. A49.3-1933) 5 

Section 15 of these specifications speci- 
fies that retarded gaging plaster shall set 
in not less than 40 min. nor more than 
6 hr. Gaging plaster is frequently re- 
tarded to set in more than 6 hr. and 
there is no reason why it should set in 
less than 6 hr. 

The tensile strength of the scratch or 
first coat of gypsum ready-sanded 
plaster, according to Section 4 of these 
specifications, shall be not less than 75 
psi., and the browning or second coat 
not less than 50 psi. It has long been 
felt that these tensile strength require- 
ments are too low and in accordance with 


4 See p. 336. 
5 1936 Book of A.S.T.M. Standards, Part II, p. 89. 
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tests conducted at the National Bureau 
of Standards, it is recommended that 
these minimum requirements be 
increased. 

The committee accordingly recom- 
mends that the revision of Specifications 
C 28 published as tentative last year® be 
further revised as indicated below, and 
approved for reference to letter ballot of 
the Society for adoption as standard: 

Section 4.—Change Paragraphs (a) 
and (6) to read as follows by the addition 
of the italicized figures and the omission 
of the words and figures in brackets: 

(a) Scratch or First Coat.—This plaster shall 
have a tensile strength of not less than [75 psi. 
(54 kg. per sq. cm.)] 125 psi. 


TABLE I.—ANALYSIS OF LETTER BALLOT VOTE. 


REPORT OF COMMITTEE C-11 


nor more than 40 min., and when retarded 
shall set in not less than 40 min. [nor more than 
6 hr. 


Standard Methods of Testing Gypsum 
and Gypsum Products (C 26 — 33).7—The 
committee recommends that the revision 
of Methods C 26 published as tentative 
last year® be approved for reference to 
letter ballot of the Society for adoption 
as standard, with a minor modification 
in Section 22. The second sentence of 


this section requires that the gypsum be 
cast in a five-gang briquet mold and 
since there is no reason why it should be 
a five-gang any more than a three-gang 
or single mold, it is recommended that 
the following change be made: 


uid 


Items 


I. REVISION OF STANDARDS 


Testing Gypsum and Gypsum Products (C 26 - 33) 


Definitions of Terms Rela wads to the + Sppeee Industry (C 11 — 28), im- 


mediate adoption 


II. Apoption oF TENTATIVE STANDARD AS STANDARD 


Spec. for Sand for Use in Plaster (C 35 - 36 T), as revised 


III. Apoption AS STANDARD OF TENTATIVE REVISIONS OF STANDARDS 


. for Gypsum Plasters (C 28 - 30; A.S.A. A49.3- amy. 
Test ing Gypsum and Gypsum Products (C 26 - 33).. 


(6) Browning or Second Coat.—This plaster 
shall have a tensile strength of not less than 
(50 psi. (34 kg. per sq. cm.)] 75 psi. 

Section 8.—Change to read as follows 
by the addition of the italicized figures 
and the omission of the words and figures 
in brackets: 

8. Gypsum neat plaster as tested with two 
parts of standard Ottawa sand shall have a 
tensile strength of not less than [75 psi. (5} 
kg. per sq. cm.)] 125 psi. 

Section 15.—Change to read as follows 
by the omission of the words in brackets: 

15. Calcined gypsum for finishing coat when 
not retarded shall set in not less than 20 min. 


* Proceedings, Am. Soc. Testing Mats., ~_ 38, Part I, 
. 1322 nares ‘also 1938 Book of A.S.T.M. Tentative 
tandards, p. 1688. 


Ballots 
Marked “Not 
Voting” 


Affirmative Negative 


16 
17 


18 


17 
17 


Section 22.—Change the second sen- 
tence to read as follows by the omission 
of the words in brackets: 


Cast in a [five-gang] briquet mold of the 
shape and size shown in Fig. 2. 


IV. STANDARDS CONTINUED WITHOUT 
REVISION 


The committee has reviewed the fol- 
lowing standards, which have stood for 
at least six years without revision, an¢ 
while it has no recommendations \ 
make at this time it is continuing its re 
view of these specifications and expects 
to recommend changes next year: 


7 1936 Book of A.S.T.M. Standards, Part II, p. 1% 
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Standard Specifications for: 7 


Gypsum (C 22 - 25), 
Calcined Gypsum for Use in the Preparation 
of Dental Plasters (C 72 — 30), 
Gypsum Partition Tile or Block (C 52 — 33), 
Gypsum Molding Plaster (C 59 — 30), and 
Gypsum Pottery Plaster (C 60 - 30). 


The recommendations appearing in 
this report have been submitted to letter 
ballot of the committee which consists of 
22 members; 20 members returned their 
ballots, with the results shown in 


This report has been submitted to 
letter ballot of the committee which con- 
sists of 22 members; 20 members re- 
turned their ballots, all of whom have 
voted affirmatively. 


Respectfully submitted on behalf of 
the committee, 
L. S. WELLs, 
Chairman. 
H. J. Schwem, 


Tablel, Secretary. 
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REPORT OF SECTIONAL COMMITTEE 
ON 
IFICATIONS FOR PLASTERING 
ASA Project: 


SPE 


Sectional Committee A42 on Speci- 
fications for Plastering held no meetings 
during the past year but has been active 
through correspondence and conference. 
The work of the committee has included: 

1. The completion of Standard Speci- 
- fications for Gypsum Plastering Includ- 
ing Requirements for Lathing and Fur- 
ring. This standard was transmitted 
to the sponsors (American Society for 
Testing Materials and American Insti- 
tute of Architects) under date of May 
_ 27, 1938, and was approved as American 
standard on September 29, 1938, being 
assigned the ASA designation A42.1 
1938. The widespread distribution and 
use of the standard is very gratifying. 
Over 30,000 copies have been printed 
to date. 

2. Subsequent to consideration at a 
meeting held May 25, 1938, a revised 
draft of a proposed Standard Specifica- 
tion for Portland-Cement Stucco and 
Portland-Cement Plaster was distrib- 
uted and balloted upon. Following 
certain criticisms and suggestions re- 
ceived during the ballot, a third draft 
(February 15, 1939) was prepared and 
another ballot has been taken. Trans- 
mittal of this proposed standard to the 


sponsors is deferred pending further 
consideration of the objections offered 
by the negative voters. 

3. Informal conferences have taken 
place concerning the preparation of the 
following additional standards: (1) lime 
plaster and lime stucco, (2) cement-lime 
or lime-cement stucco, and (3) masonry- 
cement stucco. Committee A42 pr- 
poses ultimately to undertake the 
preparation of a single master standard 
which will include the separate standards 
now prepared and being prepared. 


The changes in the personnel of the 
committee are as follows: 

Arthur Bohnen replaced W. C. Miller 
as the representative of the National 
Association of Real Estate Boards. 

J. W. Stockett, Jr., replaced S. Walter 
Stauffer as the representative of the 
National Lime Association. 


Respectfully submitted on behalf of 
the committee, 


WALTER R. McCornack, 
Chairman. 
J. W. McBurney, 

Secretary. 
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Committee C-12 on Mortars for Unit 
Masonry has held three meetings during 
the past year: in Atlantic City, N. J., 
on June 29, 1938; in Washington, D. C., 
on November 2, 1938; and in Columbus, 
Ohio, on March 10, 1939. 

As this is the first formal report of 
Committee C-12 since its reorganization 
in November, 1937, some discussion of 
personnel may, therefore, be appropriate. 
The committee was reorganized with 23 
members, of whom 11 were classified as 
producers, 3 as consumers, and 9 as 
generalinterest members. ‘The member- 
ship at present totals 35, of whom 16 are 
lassified as producers, 8 as consumers, 
nd 11 as general interest members. 

The following subcommittees have 
been established: 

I, Advisory (J.W. McBurney, chair- 
man), 

II on Methods of Test (A. T. Gold- 

beck, chairman), 

IfI on Specifications for Mortar (Theo- 

dore Irving Coe, chairman), and 

IV on Specifications for Aggregates for 

Mortar (Stanton Walker, chair- 
man). 

In addition, two working subcom- 
nittees have been formed toconsider the 
ubjects of Workability and Plasticity 
{ Mortar, and Soundness and Volume 
Change of Mortar. 

These several subcommittees have 
seen quite active. During the year Sub- 
‘committee II presented a report on “A 
Preliminary Consideration of Some Pro- 
posed Methods of Sampling and Testing 
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Mortar for Unit Masonry,” which was 
published as information in the ASTM 
Bulletin. 

Subcommittee III presented a draft 
of proposed Specifications for Mortar 
for Unit Masonry at the November, 
1938, meeting of Committee C-12, and 
at the March, 1939, meeting offered a 
revised draft of these specifications. 
A letter ballot was taken on the pro- 
posal to publish this second draft to- 
gether with a “Primer on Specifications 
and Tests for Masonry Mortars,” pre- 
pared by Subcommittee ITI in collabora- 
tion with Subcommittee II as appendices 
to the annual report for information. 
This ballot resulted in a vote of 23 
affirmative, 6 negative, and 1 ballot 
marked “not voting.’’ However, at 
the meeting of the committee held in 
Atlantic City, N. J., on June 28, 1939, 
it was voted to refer the specifications 
and primer back to Subcommittee III. 
The vote was 17 affirmative, 8 negative, 
and 4 “not voting.” These two docu- 
ments will accordingly receive further 
consideration by the subcommittee be- 
fore publication. 

Subcommittee IIL is sponsoring a co- 
operative series of tests on masonry 
cement and cement-lime mortars which 
is being carried on by members of this 
committee and other interested co- 
operating laboratories. The response to 
date has been very gratifying. 

Subcommittee IV prepared and pre- 


1ASTM Buttetin, No. 94, October, 1938, p. mo 
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sented a report on “Aggregate for 
Masonry Mortar” including proposed 
specifications which have been published 
in the ASTM Bulletin? ‘These speci- 


fications are being recommended for 


publication as tentative, as indicated 
below. 


New TENTATIVE STANDARD 


The committee recommends for publi- 
cation, new Tentative Specifications for 
Aggregate for Masonry Mortar.’ The 
considerations governing the preparation 
of these specifications are presented in 
detail in the report of Subcommittee IV.” 


2ASTM Bu ttetin, No. 97, March, 1939, p. 34. 

* These specifications were accepted as tentative by 
the Society and appear in the 1939 Book of A.S.T.M. 
Standards, Part II. 


This recommendation has been sub- 
mitted to letter ballot of the committee 
which consists of 35 members; 24 mem- 
bers returned their ballots, all of whom 
have voted affirmatively. 


This report has been submitted to 
letter ballot of the committee which 
consists of 35 members, 28 members re- 
turned their ballots, all of whom have 
voted affirmatively. 


Respectfully submitted on behalf of 
the committee, 
J. W. McBurney, 
Chairman. 
H. C. PLUMMER, 
Secretary. 


C 
helc 
1935 
the 
creti 
The 
nect 
the 
sult 
for 
38 T 
TI 
cism: 
tive 
the 
form 
sider 
by 
ginee 
coun! 


= 
= 


~ REPORT OF COMMITTEE C-13 


Committee C-13 on Concrete Pipe 
held a meeting in Chicago, Ill., on May 2, 
1938, for the primary purpose of revising 
the Tentative Specifications for Con- 
crete Irrigation Pipe (C 118-35 T). 
The action of the committee in this con- 
nection was reported to the Society at 
the 1938 annual meeting,’ and as a re- 
sult the revised Tentative Specifications 
for Concrete Irrigation Pipe (C 118 
38T)? were accepted for publication. 

The committee has received no criti- 
cisms of the provisions of these tenta- 
tive specifications. On the other hand, 
the committee has been reliably in- 
formed that the specifications are con- 
sidered acceptable in their present form 
by manufacturers and practicing en- 
gineers in the irrigation regions of this 
country. 

The committee accordingly recom- 


' Proceedings, Am. Soc. Testing Mats., Vol. 38, Part I, 

355 (1938). 

_* Proceedings, Am. Soc. Testing Mats., Vol. 38, Part I, 

26 (1938) ;also 1938 Book of A.S.T.M. Tentative Stand- 
ards, p. 610 


ON 
CONCRETE PIPE 


mends that the Tentative Specifications 
for Concrete Irrigation Pipe (C 118 -— 
38 T)? be approved for reference to 
letter ballot of the Society for adoption 
as standard. This recommendation has 
been submitted to letter ballot of the 
committee which consists of 26 members; 
26 members returned their ballots, of 
whom 25 have voted affirmatively, 1 
negatively, and © members marked 
their ballots “not voting.” 


This report has been submitted to 
letter ballot of the committee which 
consists of 26 members; 26 members re- 
turned their ballots, all of whom have 
voted affirmatively. 


Respectfully submitted on behalf of 
the committee, 
"THEODORE DOLL, 
Chairman. 


M. W. Lovinc, 
Secretary. 
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Committee C-14 on Glass and Glass 
Products held one meeting during the 
year, in Atlantic City, N. J., on June 29, 
1938, during the annual meeting of the 
Society. 

Most of the six subcommittees have 
been active. Consideration is being 
given to the preparation of tentative 
standards and to the development of 
fundamental information on which such 
standards are based. The following 
four test methods have now been de- 
veloped which, after approval by Com- 
mittee C-14, will be presented to the 
Society during the summer through 


Committee E-10 on Standards for pub- 


ON 
GLASS AND GLASS PRODUCTS 


lication as tentative (see Editorial 


Note): 


Methods of: 
Chemical Analysis of Glass Sand, 
Hydrostatic Pressure Test of Glass Con- 
tainers, 
Polariscopic 
tainers, and 
Thermal Shock Test on Glass Containers. 


Examination of Glass Con- 


Respectfully submitted on behalf of 
the committee, 


Louis NAVIAS, 
Secretary. 


W. Morey, 
Chairman. 


EDITORIAL NOTE 


Subsequent to the annual meeting Committee C-14 on Glass and Glass 
Products presented to the Society through Committee E-10 on Standards the 


7 following recommendations: 
Proposed Tentative Methods of: 


Chemical Analysis of Glass Sand (C 146 
Hydrostatic Pressure Test of Glass Containers (C 147 
Polariscopic Examination of Glass Containers (C 148 
Thermal Shock Test of Glass Containers (C 149 


39 T), 

39 T), 

39 T), and 
39 T). 


‘These new tentative methods were accepted by Committee E-10 on August 
24, 1939, assigned the A.S.T.M. serial designations indicated above, and 


appear in the 1939 Book of A.S.T.M. Standards, Part IT. 
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Committee C15 on Manufactured 
Masonry Units held three meetings dur- 
ing the year: one in Atlantic City, N. J., 
on June 28, 1938, during the annual 


- meeting of the Society, one in Washing- 
ton, D. C., on November 1, 1938, and the 
, third in Columbus, Ohio, on March 9, 
1939. The committee has been active, 


but some of the important proposals 
considered were referred to the sub- 
committees concerned pending the com- 
pletion of current investigations. 

During the year all of the standards of 
the committee were revised for the pur- 
pose of making them alike as to form and 
phraseology in so far as that was feasible 
in view of the differences in composition, 
properties, and structure of the products. 
As these revisions did not result in ma- 
terial changes in substance, they are not 
included in the list of recommendations 
affecting standards. 

In appreciation of his invaluable 
service to Committee C-15 since its 
organization and of his able direction 
of the activities of the former Committee 
C-3 on Brick from 1923 to 1930, Profes- 
sor T. R. Lawson has been unanimously 
elected honorary chairman. 


of 


I. New TENTATIVE STANDARD 


The committee recommends that the 
proposed Tentative Specifications for 
solid Load-Bearing Concrete Masonry 
Units be accepted for publication as 

ntative.' These specifications apply 


These 5 ecifications were accepted as tentative by the 
mew d an anger in the 1939 Book of A.S.T.M 
ndards, Part | 
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to units having less than 25 per cent cell 

space and intended for use in load-bear- 
ing masonry, especially in masonry re- 
quiring greater strength or fire resistance 
than would normally be obtained with 


hollow units. 
II. REVISIONS OF TENTATIVE 
STANDARDS 
The committee recommends that the 
following three tentative specifications? 
be revised, as indicated below, and con- 
tinued as tentative: 


Tentative Specifications for Sewer Brick 
(Made from Clay or Shale) (C 32-37 T):3 
Section 2 (a).—In the footnote to the 

table of requirements for physical proper- 

ties, change the term “C/B ratio” to read 

“saturation coefficient (C/B).” 


Tentative Specifications for Building Brick 
(Made from Clay or Shale) (C 62-37 T) 3? 
Section 2.-In the third column of the 

table of requirements for physical properties 

and in the footnote to the table in Paragraph 

(a), and in Paragraph (c), change the terms 

““C/B ratio” and “ratio C/B” to read “‘sat- 

uration coefficient (C/B).” 


Tentative Specifications for Glazed Building 

Units (C 126— 37 T): 

Section 9 (b).-- Change to read as follows 
by the addition of the italicized words and 
the omission of those in brackets: 

(b) The [ratio of the absorption by 24-hr. 
submersion in water to the absorption by 
5-hr. submersion in boiling water] saturation 
coefficient (C/B) shall not exceed 0.80. 
Mats., Vol. 37 part, 


M.T 


2 Proceedings, Am. Soc. Testing 
pp. 749, 733, 736 (1937); also 1938 Book of AS.T. 
tative Standards, pp. 532, 514, 519 

4 See Editorial Note, p. 379. 
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III. REvisIONS OF STANDARDS 
The committee recommends for im- 
mediate adoption, revisions in two 
standards, as indicated below, and ac- 
cordingly asks for the necessary nine- 
tenths vote at the annual meeting in 


referred to letter ballot of the Society: 


37)34 


TABLE I.—ANALYSIS OF LETTER BALLOT VOTE. 


These sections cover- 


Items 


I. New TENTATIVE STANDARD 
Spec. for Solid Load-Bearing Concrete Masonry Units................... 
II. Revisions or TENTATIVE STANDARDS 
Spec. for Sewer Brick (Made from Clay or Shale) (C 32-37 T).......... 
Spec. for Building Brick (Made from Clay or Shale) (C 62 - 37 T).......... 
Spec. for Glazed Building Units (C 126 - 37 T)... 
III. Revistons oF STANDARDS 
Spec. and Tests for Load-Bearing Concrete Masonry Units (C 90 - 36), 
IV. Apoption or TENTATIVE STANDARDS AS STANDARD 


Sampling and Testing Concrete Masonry Units (C 140 - 38 T).... 
Spec. for Sand-Lime Building Brick (C 73 - 38 T) 


Spec. for Concrete Masonry Units for Use in the Construction of Catch 
Basins and Manholes (C 139 - 38 T 

Spec. for Hollow Non-Load-Bearing Concrete Masonry Units (C 129 
38 T), as revised FERS 

Spec. for Structural Clay Load-Bearing Wall Tile (C 34 - 38 T), as revised. . 


V. Apoption As STANDARD OF TENTATIVE REVISION OF STANDARD 


Spec. for Structural Clay Non-Load-Bearing Title (C 56 - 36) ery 
Spec. for Structural Clay Floor Title (C 57 - 36)...... 


Section 16 (b). Add a note to this section 
to read as follows: 


Affirmative Negative 
34 0 
41 1 
41 1 
41 1 
42 0 
34 0 
34 0 
34 0 
29 0 
34 0 
37 1 
38 0 
38 0 


and ‘Testing Concrete Masonry 
order that these modifications may be (¢ 449 — 381). 


Marked 
“*Not Voting’ 


Standard Specifications and Tests for Load 
Bearing Concrete Masonry Units (C 90 
— 36): 
Sections 10 to 25. 
ing methods of testing are substantially the 
same as the Tentative Methods of Sampling 


Units 
In the interest of econ- 
omy in publication, it is recommended that 
Standard Methods of Testing Brick (C67 Sections 10 to 25 be replaced by a section 
ee referring to Methods C 140. 


Ballots 


In addition, changes are being made in 
the specifications® so that they will conform 
Nore.-—Storage of brick, unstacked, with in phraseology with the other specifications 


separate placement, in a ventilated room under the jurisdiction of the committee 


for a period of 4 hr., with a current of air 
from an electric fan passing over them for a 
period of at least 2 hr., will cool the speci- 
mens to approximately room temperature. 


and “absorption ratio (C/B)” to read “‘sat- 
uration coefficient (C/B).” Society anc 


7? Proceedings, Am. Soc. Testing Mats., 
bo a Supplement to Book of A.S.T.M. Standards, PP 779 (1938); also 1938 B 
. . en 


appear in the 1939 Book 
Standards, Part II. 


[V. ADOPTION OF TENTATIVE 
STANDARDS AS STANDARD 


The committee recommends that the 
Specimens noticeably warm to the touch following five tentative standards’ be 
should not be used for the absorption test. approved for reference to letter ballot 

Section 22.In this section change the of the Society for adoption as standard, 


terms “absorption ratio,” ‘“C/B ratio,” 


5 1936 Book of A.S.T.M. Standards, Part II, p. 168. 
6 These specifications were adopted as standard ne 
of AS. 


Vol. 38, Part! 
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tative Standards, pp. 543, 517, 541, 539, 535. 
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with a revision in two specifications as 
indicated below: 


Tentative Methods of Sampling and Testing 
Concrete Masonry Units (C 140 — 38 T), 
Tentative Specifications for Sand-Lime 

Building Brick (C 73 — 38 T), 

Tentative Specifications for Concrete Ma- 
sonry Units for Use in the Construction 
of Catch Basins and Manholes (C 139 
— 38 T), and 

Tentative Specifications for Hollow Non- 
Load-Bearing Concrete Masonry Units 
(C129 — 38 T), revised as follows: 
Section 5 (a).—Change to read as follows 

by the omission of the sentence in brackets: 

5. (a) (Units shall contain no materials 
which will stain plaster applied thereto.] 
The combustible content present in cinder 
aggregate shall not exceed 35 per cent of the 
weight of the aggregate. 

Tentative Specifications for Structural Clay 
Load-Bearing Wall Tile (C 34-38 T), 
revised as follows to replace the Standard 
Specifications C 34 — 36: 

Section 4 (c).—Add the following sentence 
to this section: 

If no cell in side construction tile, meas- 
ured in the direction of the wall thickness, 
exceeds four times the average over-all 
thickness of either the upper or lower bear- 
ing shells, the requirements for minimum 
shell and web thickness specified in Para- 
graph 4 (b) shall be waived. 


V. ADOPTION AS STANDARD OF 
TENTATIVE REVISION OF 
STANDARD 


The committee recommends that the 
tentative revisions of the following two 
standards which were submitted for 
publication as tentative last year* be 
approved for reference to letter ballot 
of the Society for adoption as standard: 


standard Specifications for Structural Clay 
Non-Load-Bearing Tile (C 56 — 36),® and 

standard Specifications for Structural Clay 
Floor Tile (C 57 — 36). 


__ * Proceedings, Am. Soc. Testing Mats., Vol. 38, Part I, 
pp. 1324, 1325 (1938) ; also 1938 Book of A.S.T.M. Tentative 
tandards, pp. 1690, 1691. 

m~ Book of A.S.T.M. Standards, Part II, pp. 176, 


The recommendations appearing in 
this report have been submitted to letter 
ballot of the committee which consists 
of 52 members, with the results shown 
in Table I. 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee IT on Clay Building 
Brick (J. W. McBurney, chairman).— 
Proposed revisions of the Tentative 
Specifications for Building Brick (Made 
from Clay or Shale) (C 62 ~ 37 T) were 
prepared and considered by the com- 
mittee. The purpose of one of these 
was to permit the acceptance of products 
which have shown satisfactory perform- 
ance in freezing-and-thawing tests, even 
though they do not comply with all of 
the physical requirements of the stand- 
ard. Although most brick which failed 
to meet the physical requirements of the 
standard are not highly resistant to frost 
action, a few which do not conform have 
an excellent record in service as well as 
in laboratory weathering tests. Because 
of objections to the form of the proposed 
revision, the question was referred to 
the subcommittee for further study.* 

The subcommittee also gave considera- 
tion to the development of a method of 
testing bricks to determine their tend- 
ency to be a source of efflorescence on 
masonry. Bearing on this subject is a 
paper by J. M. Hardesty on “Disin- 
tegration of Face Brick by Crystalliza- 
tion of Soluble Salt,”’ appended” to this 
report. 

Subcommittee III on Concrete Units 
(W. G. Kaiser, chairman).During the 
preparation of the proposed Tentative 
Specifications for Solid Load-Bearing 
Concrete Masonry Units, the sub- 
committee reviewed available data on 
the properties of commercial products 
and their performance in service and in 
laboratory tests. These data indicated 
the desirability of making the require- 

10 See p. 971. 
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ments more rigid than those of existing 
specifications. The minimum average 
strength requirements of 1200 and 1800 
psi. for grades A and B, respectively, 
of the proposed specifications reflect 
the conclusions based on this study. 
The Tentative Specifications for Hol- 
low Non-Load-Bearing Concrete Mas- 
onry Units (C 129 —- 38 T), now recom- 
mended for adoption, have been avail- 
able for criticism for two years without 
substantial change in the technical 
requirements. Similarly, no criticisms 
have been received of the Tentative 
Specifications for Concrete Masonry 
Units for Use in the Construction of 
Catch Basins and Manholes (C 139 
38 T) and these also are recommended 
for adoption as standard. Revisions 
of other standards relating to concrete 
units were necessary because of the 
separation of the specification require- 
ments from the methods of testing. 
Subcommittee IV on Sand-Lime Brick 
(C. H. Carmichael, chairman).—As no 
suggestions for revising the Tentative 
Specifications for Sand-Lime Building 
Brick (C 73 —- 38 T) have been received 
during the year, the specifications are 
recommended for adoption as standard. 
Subcommittee V on Paving Brick (F. 
H. Jackson, chairman).—The subcom- 
mittee is following closely the coopera- 
tive investigation of the properties and 
performance of paving brick being car- 
ried out by the U. S. Bureau of Public 
Roads and the Ohio State Highway 
Commission. Pending the completion 
of this investigation, the committee 
does not expect to prepare revisions of 
the existing specifications. 
Subcommittee VI on Sewer Brick (T.R. 
Lawson, chairman).—Twice during the 
year the committee has approved a re- 
vision of the requirements for sewer 
brick. Each time, however, the criti- 
cisms received on letter ballot have in- 
dicated the need for further considera- 
tion of the proposed revision. 


_ Subcommittee VII on Glazed Brick 


REPORT OF COMMITTEE C-15 


and Tile (J. R. Kauffman, chairman) ~— 
This subcommittee prepared a program 
for an investigation of the properties of 
glazed units. At present the program 
is being considered by representatives 
of the industries concerned. 

Subcommittee VIII on Structural Clay 
Tile (H. C. Plummer, chairman).—The 
proposed revisions of the standards re- 
lating to structural clay tile have, for the 
most part, met with favor by both the 
industry and the consumers. However, 
the limitation on shell thickness of side 
construction tile seems to be unduly se- 
vere when applied to small units. Meth- 
ods of overcoming this objection are now 
being studied. 

Working Committee on Investigation of 
Methods of Capping Structural Clay 
Tile._The investigation on methods of 
capping structural clay tile carried out 
at Rensselaer Polytechnic Institute un- 
der the direction of T. R. Lawson, has 
been completed but the results are not 
as yet assembled for publication. 

Working Committee on Modular Sizes 
(Frederick Heath, Jr., chairman).—A 
Sectional Committee on Coordinatior 
of Dimensions of Building Materials and 
Equipment (A 62) has now been organ- 
ized under the procedure of the American 
Standards Association to study the 
broad problem of formulating dimen- 
sions for all types of building materials 
Close contact will be maintained with 
this project since the Society has ap- 
pointed a representative on the sectional 
committee from Committee C-15. 


This report has been submitted to 
letter ballot of the committee which con- 
sists of 52 members; 40 members re- 
turned their ballots, of whom 39 have 
voted affirmatively and 0 negatively. 


Respectfully submitted on behalf o! 
the committee, 
D. E. PARSONS, 
Chairman 
J. W. Wuirremore, 
Secretary. 
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EDITORIAL NOTE 


1).— 


ram 


ween _ Subsequent to the annual meeting Committee C-15 presented to the 
ram Society through Committee E-10 on Standards the following recom- 
Lives mendations: 
Proposed Revision of Tentative Specifications for Sewer Brick (Made from " 

Clay Clay or Shale) (C 32 - 39 T), : 
-The Proposed Revision of Tentative Specifications for Building Brick (Made : 
S re- from Clay or Shale) (C 62 —- 39 T), and 
r the Proposed Tentative Revision of Standard Methods of Testing Brick (C 67 - 
. the 39) in the form of new Tentative Method of Freezing-and-Thawing Test of 
Brick (C 67 — 39 T), to be added when adopted to the present standard. 

These recommendations were accepted by Committee E-10 on August 24, 
1939, and the revised tentative specifications and tentative revision appen ar 


4 + in the 1939 Book of A.S.T.M. Standards, Part IT. 
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Committee D-1 on Paint, Varnish, 
Lacquer, and Related Products held two 
meetings during the year: on June 30, 
1938, in Atlantic City, N. J., during the 
annual meeting of the Society, and on 
April 3, 1939, in Baltimore, Md., during 
the meeting of the American Chemical 
Society. 

The committee recommends that the 
Society continue as a member-body in 
the Inter-Society Color Council, with 
M. Rea Paul, an official delegate of the 
Society, representing the committee. 

Committee D-1 has, during the past 
year, arranged for the presentation of 
two papers at its meetings as follows: 


“Development of a Method of Classifying 
Paints According to Gloss,”! by R. S. 
Hunter and D. B. Judd, describing work 
of Group 1, Subcommittee XVIII, and 

“Color Retention of House Paints,” by C. 
H. Rose, describing work of Group 1, 
Subcommittee 


During the past year Subcommittee 
VI on Definitions, which for some time 
had been discontinued, was reorganized 
under the chairmanship of C. H. Rose. 
A special committee was formed, under 
the chairmanship of G. G. Sward, to 
develop a Symposium on Testing for 
this annual meeting of the Society. 

Since the last annual meeting, 23 new 
members have been elected, 10 resigna- 
_ tions have been accepted, and 4 deaths 

reported, leaving a total membership of 
224. 
1 ASTM Buttetin, No. 97, March, 1939, p. 11. 
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Of the three advisers and fourteen D-| 
subcommittees, five furnished reports 
of progress and six submitted detailed 
reports affecting standards, which have 
resulted in the committee making the 
recommendations given below to be 
acted upon at the annual meeting. 

In this report, recommendations ai- 
fecting standards and tentative stand- 
ards are noted in brief form below, 
together with the results of the letter 
ballot. These recommendations are ex- 
plained in the reports of the subcom- 
mittees directly responsible for them. 


I. NEW TENTATIVE STANDARDS 


The committee submits for publication 
as tentative the following two new 
specifications and three methods of test? 


Tentative Specifications for: 


Shellac Varnishes, to replace the Standar 
Specifications for Shellac Varnish (D 359 
35), and for Centrifuged Shellac Varnisi 
(D 360 — 34), proposed by Subcommittet 


XIII, 
Zinc Dust (Metallic Zinc Powder), proposed 
by Subcommittee XV, aie. 


Tentative Methods of: 


Chemical Analysis of Zinc Dust (Metallic 
Zinc Powder), proposed by Subcommittee 
VIII, 

Test for Specular Gloss of Paint Finishes, pr 
posed by Subcommittee XVIII, and 

Test for Elongation of Attached Lacquet 
Coatings with the Conical Mandrel Test 
Apparatus, proposed by Subcommittee 
XXV. 

2 These specifications and methods were accepted # 


tentative by the Society and appear in the 1939 Book of 
A.S.T.M. Standards, Part II. 
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The committee recommends for imme- 
diate adoption, revisions in the follow- 
ing standards, and accordingly asks for 
the necessary nine-tenths vote at the 
annual meeting in order that these 
modifications may be referred to letter 


ballot of the Society: 


Standard Specifications for: 
Zinc Oxide (D 79 — 24; A.S.A. K22-1937), pro- 


1 D-} posed by Subcommittee XV, 

ports Prussian Blue (D 261 — 28; A.S.A. K29-1937), 
ailed proposed by Subcommittee XV, 

have Normal Amyl Acetate (D 318 — 36), proposed 
» the by Subcommittee XXV, 

‘ be Standard Methods of: 


g. Sampling and Testing Shellac (D 29 
s al- proposed by Subcommittee XIII, and 


33), 


rand. Test for Specific Gravity of Pigments 
(D 153 — 37; A.S.A. K41-1937), proposed 
elow, by Subcommittee VIII, 
letter Routine Analysis of White Pigments 
€ (D 34-33; A.S.A. K15-1933), revised by 
com- addition of Standard Methods of Routine 
h Analysis of Titanium Pigments (D 186 — 37; 
nee. A.S.A. K43-1937) and revision of Methods 
5 D 186 proposed by Sybcommittee VIII. 
ation The committee further recommends 


new that the revisions proposed in the 


test? § following standards be accepted for 
publication as tentative: "Pa 

adesl Standard Specifications for: 

359 - Orange Shellac (D 237 — 33), proposed by 

arnish Subcommittee XIII, 

mittee Butanol (Normal Butyl Alcohol) (D 304 — 33), 
proposed by Subcommittee XXV, 

yposed Amyl Alcohol (Synthetic) (D 319 ~ 33), pro- 
posed by Subcommittee XXV, 

Standard Methods of: 

etal Routine Analysis of White Linseed Oil Paints 

mittet (D 215-37), proposed by Subcommittee 
VIII, and 

“mpling and Testing Lacquer Solvents and 
Diluents (D 268 - 33), proposed by Sub- 

sequi committee XXV. 

Test 

mittee Ul. Apoprion or TENTATIVE STAND- 

ARDS AS STANDARD 
ted The committee recommends that the 
ook of 


following tentative standards be ap- 


the Society for adoption as standard, 
and that those so indicated be revised 
as referred to in the reports of the 
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II. REVISIONS OF STANDARDS proved for reference to letter ballot of 


subcommittees: 


Tentative Specifications for: 


Petroleum Spirits (Mineral Spirits) (D 235 - 
34 T), proposed by Subcommittee XI, 
with an editorial change recommended for 
purposes of clarification, and to be con- 
sistent in terminology, changing the words 
“dry point” wherever they appear to 
read “end point,” 

Aluminum Pigment Paste for Paint (D 474 _ 
38 T), proposed by Subcommittee XV, 

C.P. Para Red Toner (D 475-387), pro- 
posed by Subcommittee XV, 

Zinc Sulfide Pigments (D 477 
posed by Subcommittee XV, 

C.P. Zinc Yellow (Zinc Chromate) (D 478 - | 
38 T), proposed by Subcommittee XV, 

Titanium Dioxide Pigments (D 476 — 38 T), 
revised as proposed by Subcommittee XV, 


38T), pro- | 


Tentative Methods of: 


Routine Analysis of Zinc Yellow Pigment 
(Zinc Chromate Yellow) (D 444 — 38 T), 
revised as proposed by Subcommittee VIII, 

Test for Relative Dry Hiding Power of 
Paints (D 344 — 37 T), revised as proposed 
by Subcommittee VIII, 

Test for Relative Dry Hiding Power of 
White Pigments (D 406-37 T), revised 
as proposed by Subcommittee VIII, 

Analysis for Spectral Apparent Reflectivity 
of Paints (D 307 —- 37 T), revised as pro- 
posed by Subcommittee XVIII, and ; 

Test for Soluble Nitrocellulose Base Solutions 
(D 365-35 T), proposed by Subcom- 
mittee XXV. 


IV. ADOPTION AS STANDARD OF TENTA- — 
TIVE REVISIONS OF STANDARDS 


The committee recommends that the 
revisions of the following five standards | 
(in four of which the revisions are in the 
form of tentative standards) be approved 


without change for reference to ae 


ballot of the Society for adoption as 
standard: 
Standard Specifications for: 


Red Lead (D 83 — 31; A.S.A. K24-1937), pro- 
posed by Subcommittee XV, 


. 
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TABLE I.—ANALYSIS OF LETTER BALLOT VOTE. 


Items | Affirmative 


I. New TENTATIVE STANDARDS 


Spec. for Shellac Varnishes, to replace Standard Specs. D 359 and D 360 

Spec. for Zinc Dust (Metallic Zinc Powder).. 

Chemical Analysis of Zinc Dust (Metallic Zinc Powder)... ee 

Test for Specular Gloss of Paint Finishes..............2.20cceccscscrceee 

Test for Elongation of Attached Saagaee Coatings with the Conical Man- 


Il. REVISIONS OF STANDARDS 


Spec. for Zinc Oxide (D 79 ~ 24; A.S.A. K22-1937), immediate adoption. ... 

Spec. for Prussian Blue (D 261 — 28; A.S.A. K29-1937), immediate eunption. 

Spec. for Normal Amy]! Acetate (D 318 36), immediate adoption........| 

Sampling and Testing Shellac (D 29 — 33), immediate adoption 

Test for Specific Gravity of Pigments (D 153-27; A.S.A. K41-1937), im 
mediate adoption 

Routine Analysis of Titanium Pigments (D 186 ~ 37; A.S.A K43-1937), im- 
mediate adoption 

Routine Analysis of White Pigments (D 34 - 33; A.S.A. Kis 1933), i imme- 
diate adoption 

Spec. for Orange Shellac (D 237 33). 

Spec. for Butanol (Normal Butyl Alcohol) (D 304 - 33).............0+.05- 

Spec. for Amyl Alcohol (Synthetic) (D 319 — 33) 

Routine Powe of White Linseed Oil Paints (D 215 - 37).............-- 

Sampling and Testing Lacquer Solvents and Diluents (D 268 - 33) . 


III. Apoption oF TENTATIVE STANDARDS AS STANDARD 


Spec. for Petroleum Spirits (Mineral Spirits) (D 235 - 34 T).............. 

Spec. for Aluminum Pigment Paste for Paint (D 474 - 38 T).............. 

Spec. for C.P. Para Red Toner (D 475 — 38 T) ; 

Spec. for Zinc Sulfide Pigments (D 477 - 38 T) eee 

Spec. for C.P. Zinc Yellow (Zinc Chromate) dp 478 ~- 38 T) Erte 

Spec. for Titanium Dioxide Pigments (D 476 - 38 T), as revised 

Mention Analysis of Zinc Yellow Pigment (Zinc C hromate Yellow) (D 444 - 

Test for Relative Dry Hiding Power of Paints (D 344 - 37 T), as revised. . 

Test for mean Dry Hiding Power of White Pigments (D 406 - 37 T), x 

—— for Spectral Apparent Reflectivity of Paints (D 307 ~ 37 T), as 
revisec 

Test for Soluble Nitrocellulose Base Solutions (D 365 - 35 7. ead 


IV. Apoption AS STANDARD OF TENTATIVE REVISIONS OF STANDARDS 


Spec. for Red Lead (D 83 ~ 31; A.S.A. K24-1937) 

Spec. for Commercial Para Red (D 264 - 28; A.S.A. K31 1937). 

for Powder for Paints (Aluminum Bronze Powder) 

Sampling a Testing Shellac (D 29 - 33) wee 

Routine Analysis of Dry Cuprous Oxide (D 283 - 36).. see enagasives 


V. WITHDRAWAL OF STANDARDS AND TENTATIVE STANDARDS 


Spec. for Shellac Varnish (D 359 — 35) sees 
Spec. for Centrifuged Shellac Varnish 
Spec. for Titanium Barium Pigment (D 382 - 35; - A.S.A, K38-1937)...... 
Spec. for Titanium Calcium Pigment (D 383 - 35; A.S.A. K39-1937)...... 
Spec. for Titanium Dioxide (D 384 - 36; A.S.A. K40-1937) ............. . 
Spec. for Zinc Sulfide - Barium Pigment (D 385 — 36)... 
Spec. for Zinc Sulfide (D 386 - 36).. ‘ 
Spec. for Zinc Sulfide Magnesium Pigment (D 443 - 37 T) 


Commercial Para Red (D 264-28; A.S.A. (D 283 
K31-1937) proposed by Subcommittee XV, Vil. 


Aluminum Powder for Paints (Aluminum 


Subcommittee XV, 


Standard Methods of: 


proposed by Subcommittee XIII, and 
Routine Analysis of Dry Cuprous Oxide 


Negative 


Bronze Powder) (D 266 - 31), proposed by V. WITHDRAWAL OF 
TENTATIVE STANDARDS 

The committee recommends the with- 
drawal of the following standards and 
atirxy ns 

Sampling and Testing Shellac (D 29 — 33), tentative standards for the “ee 
referred to in the reports of the sub 
committees: 


Ballots 
Marked “No 
Voting” 


36), proposed by Subcommitt 
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Standard Specifications for: 


Shellac Varnish (D 359-35) proposed by 
Subcommittee XIII, 

Centrifuged Shellac Varnish (D 360 — 34), pro- 
posed by Subcommittee XIII, 

Lithopone (D 208 — 26), proposed by Subcom- 
mittee XV, 

Titanium Barium Pigment (D 382-35; 
A.S.A. K38-1937), proposed by Subcom- 
mittee XV, 

Titanium Calcium Pigment (D 383-35; 
A.S.A. K39-1937), proposed by Subcom- 
mittee XV, 

Titanium Dioxide (D 384 36; A.S.A. K40—- 
1937), proposed by Subcommittee XV, 

Zinc Sulfide-Barium Pigment (D 385 — 36), 
proposed by Subcommittee XV, 

Zinc Sulfide (D 386 — 36), proposed by Sub- 
committee XV, 

Tentative Specifications for: 


Titanium Magnesium Pigment (D 442 - 
37 T), proposed by Subcommittee XV, and 

Zinc Sulfide Magnesium Pigment (D 443 
37 T). 


The above recommendations have 
been submitted to letter ballot of the 
committee which consists of 187 mem- 
bers, with the results shown in Table I. 


ACTIVITIES OF SUBCOMMITTEES 


Linseed Oil (R. D. Bonney, adviser). 

It is recommended that the present 
Standard Specifications for Raw Lin- 
ved Oil (D 234-28), and for Boiled 
Linseed Oil (D 260-33) be retained 
without revision, since a recent review 
indicates that satisfactory linseed oil 
can be produced and obtained meeting 
these specifications. 

Subcommittee VII on Accelerated Tests 
for Protective Coatings (H. A. Nelson, 
chairman).—This subcommittee reports 
Progress in the work of its several sub- 
soups. These are engaged in coopera- 
live activities to determine the effective- 
hess of different accelerated weathering 
units and certain physical tests in 
fvaluating by accelerated means film 
performance under normal conditions of 
‘xposure or use. Color retention of 
house paints and tests on enamel 
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coatings are now in progress. The 
subcommittee recommends the forma- 
tion of a group to develop a standard 
procedure for preparing test ae 


which group can maintain contact 


in its testing work with the activities 
of Subcommittee XXIX on Painting 
of Structural Iron and Steel. 


The appointment of a committee 
is also recommended to work on the 


preparation of a pictorial scale for 
evaluating rust resistance, the proposed 
committee to consist of representatives 
of all groups within the Society 
interested in this subject. 

Subcommittee VII plans to arrange 
for the publication of a questionnaire 
for the purpose of securing information 
with respect to tests now in use in 
evaluating finishes in different laborato- 
ries throughout the country. 

Subcommiticee VIII on Methods of 
Analysis of Paint Materials (E. F. 
Hickson, chairman).—This subcommitee 
recommends for publication as tentative 
new Methods of Chemical Analysis of 
Zinc Dust (Metallic Zinc Powder).* 

Recommendation is also made for 
the adoption as standard of the present 
tentative revision* of the Standard 
Method of Routine Analysis of Dry 
Cuprous Oxide (D 283 ~ 36).5 The 
revision is in the form of Tentative 
Method D 283 - 38 T and is to replace 
the present standard. 

Adoption as standard is recommended 
of the Tentative Methods of Routine 
Analysis of Zinc Yellow Pigment (Zinc 
Chromate Yellow) (D 444 — 38 T),® with 
the following revision: 

Section 7 (b), Procedure.—Change 

from its present form: namely, 
_ 3 These methods were accepted as tentative by the 
Society and appearin the 1939 Book of A.S.T.M. Stand- 
ards, Part II. 

4 Proceedings, Am. Soc. Testing Mats., Vol. 38, Part I, 

. 845 (1938); also 1938 Book of A.S.T.M. Tentative 
p. 735. 
6 1936 Book of A.S.T.M. Standards, Part II, p. 624. 
6 Proceedings, Am. Soc. Testing Mats., Vol. 38, Part I, 


p. 839 (1938); also 1938 Book of A.S.T.M. Tentative 
Standards, p. 729. 
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(b) Procedure.—To a 400-ml. beaker contain- 
ing 200 ml. of water, add 2 g. of potassium 
iodide (solid) and 5 ml. of H,SO, (sp. gr. 1.42). 
(Final acidity should be approximately 5 ml. of 
acid per 100 ml. of solution.) Pipette 25 ml. of 
the chromic acid solution into the solution of 
KI and H,SO, and after 5 min. titrate with the 
0.1 N standard sodium thiosulfate solution, using 
starch as an internal indicator. The percentage 
of chromic acid may be calculated from the fol- 
lowing values: 

1 ml. of N sodium thiosulfate = 0.01733 g. of 
Cr. or 0.03334 g. of CrOs. 

Report the amount calculated as percentage 

of CrO3. 


to read as follows: 


(b) Procedure.—To a 400-ml. beaker contain- 
ing 200 ml. of water, add 2 g. of potassium 
iodide (solid) and 5 ml. of H,SO, (sp. gr. 1.84). 
(Final acidity should be approximately 5 ml. of 
acid per 100 ml. of solution.) Pipette a 25-ml. 
aliquot from the zinc chromate — sulfuric acid 
solution as made up in the zinc oxide determina- 
tion into a 500-ml. glass-stoppered Erlenmeyer 
iodimetric flask or other suitable glass-stoppered 
bottle, containing 200 ml. of diluted sulfuric 
acid (25 ml. per liter). Add 2 g. of potassium 
iodide dissolved in 20 ml. of water, stopper, and 
allow the solution to stand for approximately 
5min. ‘Titrate the liberated iodine with sodium 
thiosulfate at room temperature until the red- 
dish-brown iodine color becomes quite faint. 
Then add 5 ml. of freshly prepared starch solu- 
tion and continue the titration until the final 
color change becomes pale green with no blue 
tinge. ‘This final titration should be carried out 
by twirling the flask at least three times after 
each addition of the sodium thiosulfate, being 
sure that there is no further color change, 
especially at the final stage of the titration. 
The green end point is definite and sharp. The 
percentage of chromic acid may be calculated 
from the following values: 

1 ml. of N sodiumthiosulfate = 
0.03334 g. of CrOs. 

Report the amount calculated as percentage 

of CrQs3. 


Adoption as standard is recommended 
of the Tentative Method of Test for 
Relative Dry Hiding Power of Paints 
(D 344 — 37 T),’ with a minor revision 
in the second and third sentences of 


7 Proceedings, Am. Soc. Testing Mats., Vol. 37, Part 
I, pp. 866, 844 (1937); also 1938 Book of A‘S.T.M. Tenta- 
tive Standards, pp. 754, 720, 
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Section 3, changing “diffuse reflection” 
to read “diffuse reflectance.” 


of the Tentative Method of Test for 
Relative Dry Hiding Power of White 


Adoption as standard is recommended 


Pigments (D 406-37 T),’ with a re 
vision in the title and first sentence of 
Section 1, adding the words “‘in a lin- 
seed oil vehicle” after the word “pig. 
ment’’; and also in the second and third 
sentences of Section 3 changing “diffuse 
reflection” to read “‘diffuse reflectance.” 


The subcommittee recommends for 


immediate adoption in the Standard 


Methods of Test for Specific Gravity of 
Pigments (D 153 — 27)* a revision in the 
weight of the glass flask prescribed in 
the second sentence of Section 13 (5 
changing “less than 35 g.” to read 
“between 50 and 60 g.” This change 
makes provision for a slightly thicker 
walled flask. 


The subcommittee recommends that 


the Standard Methods of Routine Anal- 
ysis of Titanium Pigments (D 186 - 37; 
A.S.A. K43—1937)® be added to the 
Standard Methods of Routine Analysis 
of White Pigments (D 34 — 33; A\S.A. 
K15—1933),® this consolidation to be- 
come effective immediately. The fol- 
lowing revisions for immediate adoption 
are recommended for inclusion in Meth- 
ods D 186 before the latter are incor- 
porated in Methods D 34: 


Section 9.—Second paragraph, change 


to read as follows by the addition of the 
italicized material and the omission 0! 
that in brackets: 


Dilute the filtrate to 200 cc. and add about 


5 ml. {10 cc.) of NH,OH (sp. gr. 0.90) to lower 
the acidity to approximately /0.to 15 (5) pet 
cent H.SO, (by volume). 


Section 9.—Change items (/) and (2) 


to read as follows by the addition of the 
italicized material and the omission o 
that in brackets: 


8 1936 Book of A.S.T.M. Standards, Part II, pp. 6%, 


685, 662 
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45 937 Supplement to Book of A.S.T.M. Standards, 
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(1) Run 50 cc. of the 5 per cent H,SO, 
solution through the reductor at such a uni- 


form rate as to require 5 to 10 min. for passage 


lat a speed of about 100 cc. per minute]. 

(2) Follow this with the titanium solution 
at such a uniform rate as to require 10 min. to 
pass through the reductor. 


The above changes are proposed in 
order to make the methods more reliable 
for the inexperienced operator. 

A tentative revision is recommended 
in the Standard Methods of Routine 
Analysis of White Linseed Oil Paints 
(D 215 — 37), as follows: 

Section 31.—Omit the last sentence 
of the sixth paragraph of the section on 
calculations which reads as follows: 
“The procedure followed by the Federal 
Specifications Board should be noted.” 
Also omit the footnote accompanying 
this sentence. 

This subcommittee reports the com- 
pletion of cooperative tests for measuring 
the consistency of five enamel paints, 
and plans to prepare a tentative method 
of test for consistency, using the Krebs 
modified Stormer viscosimeter. 

Subcommittee IX on Varnish (W. T. 
Pearce, chairman).—This subcommit- 
tee is studying tests with a plan of 
defining and measuring the stages of 
drying that are considered most impor- 
tant to the coatings industry. Methods 
lor measuring resistance to gas-checking 
are now under consideration, and new 
groups are being formed by the sub- 
committee to study methods of chemical 

analysis and physical tests for driers, 
chemical resistance tests for furniture 
and floor varnishes, chemical analysis 
and tests for alkyd liquids. 

Subcommittee XI on Paint Thinners 
Other Than Turpentine (M. B. Chittick, 
hairman).—This subcommittee recom- 
mends the adoption as standard, with- 

it revision, of the Tentative Specifica- 

ns for Petroleum Spirits (Mineral 

Spirits) (D 235 34 

Proceedings, Am. Soc. Testing Mats., Vol. 34, Part 


876 (1934); also 1938 Book of A.S.T.M. Tentative 
andards, p. 740. 


Subcommitiee XIII on Shellac (W. H. 
Gardner, chairman).—This subcommit- 
tee is recommending for publication as 
tentative, new Specifications for Shellac 
Varnishes," to replace the present Stand- 
ard Specifications for Shellac Varnish 
(D 359 — 35), and for Centrifuged Shel- 
lac Varnish (D 360-34)! which are 
recommended to be withdrawn. The 
subcommittee points out that there 
appears to be little demand for shellac 
varnish which has not had the dirt and 
insoluble matter removed by modern 
methods. The combining of specifica- 
tions D 359 and D 360 as revised will 
raise the general standard for shellac 
varnish without causing any undue hard- 
ship to the producer. 

This subcommittee recommends for 
publication as tentative the following 
revision of the Standard Specifications 
for Orange Shellac (D 237 

Section 2.—Change the table of physi- 
cal and chemical requirements to read as 
follows by the addition of the italicized 
words and figures and the omission of the 
figures in brackets: 


Grade A Grade B GradeC Grade D 


Iodine number, 

max. ..... [18.0] {18.0] [18.0] 24.3 
Matter insoluble 

in specified hot 

solvents, max., 

per cent . [1.75]1.25 [2.50]2.00 3.00 3.00 
Orpiment, max., 

per cent 0.025 0.025 0.20 0.20 
Moisture, max., 

per cent........ 2.0 2.0 2.0 2.0 

fax, max., per 

Matter soluble in 

water, max., per 

Ree 0.5 0.5 0.5 0.5 
Ash, max., per 

oomt...... 1.0 1.0 1.0 1.0 
a re when specified, the color shall be no 


darker than that of a sample mutu- 
ally agreed upon by purchaser and 
seller. 


Following the table add a note to read 
as follows: 


Norte.—Grades A, B, and C should show no 
presence of rosin when tested in accordance 
with the qualitative tests described in Section 


11 These specifications were accepted as tentative by 
the Society and appear in the 1939 Book of A.S.T.M. 
Standards, Part II. 

12 1936 Book of A.S.T.M. Standards, Part II, pp. 755, 


57. 
18 1936 Book of A.S.T.M. Standards, Part II, p. 754. 
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14 of the Standard Methods of Sampling and 
Testing Shellac (D 29 — 33). 


Subcommittee XIII recommends the 
adoption of the tentative revision pub- 
lished since 1936 in the Standard 
Methods of Sampling and Testing Shel- 
lac (D 29 - 33), which provides for the 
deletion of Section 19 describing the 
procedure for the determination of wax 
in orange, button, seed, and regular 
bleached shellac. 

The subcommittee recommends for 
immediate adoption a further revision in 
Methods D 29, as follows: 

Sections 20 and 21.—-Omit the center 
heading of Section 20 which reads, 
“B. For Machine-made Shellac and 
Garnet Lac and Optional Method in 
Place of Method A,” renumbering this 
section as Section 19. Omit Section 21 
which describes the procedure for the 
determination of wax in dry-bleached 
refined shellac and garnet lacs of low 
wax content; the subcommittee believes 
that this method frequently gives dif- 
ficulty and that equally satisfactory 
results can be obtained by the procedure 
described in Section 20 (new Section 19). 

New Sections.-Add as new Sections 
20 to 22, inclusive, a test for the deter- 
mination of orpiment in orange shel- 
lac,’ renumbering the subsequent 
sections accordingly. 

Subcommittee XV on Specifications for 
Pigments Dry and in Oil When Marketed 
in That Form (H. EF. Smith, chairman). 
In the report of Subcommittee XV, ap- 
pended hereto, the several recommenda- 
tions mentioned earlier in this report 
are discussed in detail. 

Subcommittee X VIII on Physical Prop- 
erties of Materials (M. Rea Paul, 
chairman).—-This subcommittee recom- 
mends for publication as tentative, a 

4 1936 Book of A.S.T.M. Standards, Part II, p. 760. 

18 This method of test was adopted as standard by the 
Society and appears in the Standard Methods of Sampling 


and Analysis of Shellac (D 29 - 39), 1939 Book of A.S.T.M. 
Standards, Part II. 
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new Method of Test for Specular Gloss 
of Paint Finishes.“ The subcommittee 
further recommends the adoption as 
standard of the Tentative Method of 
Test for Spectral Apparent Reflectivity 
of Paints (D 307-37 T),! with the 
following minor revision: 

Section 7 (b).—In the note to this 
section, change “440 m uw.” to read 
“400 m p.” 

Subcommittee X XV on Cellulose Ester 
Coatings (R. M. Carter, chairman). 
This subcommittee recommends for pub- 
lication as tentative a new Method of 
Test for Elongation of Attached Lacquer 
Coatings with the Conical Mandrel 
Test Apparatus.'® 

A new method of test for toluene 
(toluol) dilution ratio of lacquer sol- 
vents!® is recommended for publication 
as a tentative revision of the Standard 
Methods of Sampling and Testing Lac- 
quer Solvents and Diluents (D 268- 
33).'* The following editorial changes 
are presented for inclusion in the 
methods: 

Section 17, Procedure—In the fifth 
sentence change the normality of sodium 
thiosulfate from “0.5 N Na»S.0,;” to 
read “0.05 N NaeS.03.” 

Section 18.—Change to read as follows 
by the addition of the italicized words 
and the omission of those in brackets: 


18. To 100 ml. of acetone contained in 4 
250-ml. [Erlenmeyer flask] glass-stoppered con- 
tainer and maintained at 25 C., 1 ml. of 0.1 per 
cent potassium permanganate solution shall be 
added with slight stirring. The test should be 
conducted in the dark as sunlight appreciably 
affects the results. 


A tentative revision is proposed in the 
Standard Specifications for Butanol 


16 This method was accepted as tentative by the society 
and appears in the 1939 Book of A.S.T.M. Standarés 
Part Il. 

17 Proceedings, Am. Soc. Testing Mats., Vol. 37, Part’ 
p. 869 (1937); also 1938 Book of A.S.T.M. Tentative 
Standards, p. 759. si 

18 1936 Book of A.S.T.M. Standards, Part II, pp. 5” 
789, 787. 
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(Normal Butyl Alcohol) (D 304 — 33)'8 
as follows: 

Section 1.—In the table of physical 
and chemical requirements omit the 
requirement reading “Purity . . . to con- 
tain not less than 98 per cent of normal 
butyl alcohol.” This is recommended 
because there is at present no acceptable 
method of test which is applicable. 

Change the requirement for water 
fom “no cloud when one volume of 
Butanol is mixed with 19 volumes of 
6° Baumé gasoline at 20 C.” to read 
“miscible without turbidity with 19 
volumes of 60° A.P.I. gasoline at 20 C.”’ 

A tentative revision is proposed in the 
Standard Specifications for Amy] Alco- 
hol (Synthetic) (D 319 — 33),'* as follows: 

Section 1.—In the table of physical 
and chemical requirements omit the 
requirement reading, ‘Purity... con- 
sists of a mixture of the various isomeric 
forms of amyl alcohol and contains at 
least 98 per cent of these alcohols” since, 
as mentioned above, no acceptable 
method of test is at present available. 

Subcommittee XXV also recommends 
arevision of the Standard Specifications 
ior Normal Amy] Acetate (D 318 
The proposed revision comprises separat- 
ing Specifications D 318 into two 
distinct standards, one to be entitled 
“Standard Specifications for Synthetic 
Amyl Acetate,’ and the other, “Stand- 
ard Specifications for Amyl Acetate 
Made from Fuse] Oil.” This subcom- 
mittee further recommends that the 
“ord “normal” be deleted wherever 
| appears in Standard Specifications 
) 318 since it is incorrect and mis- 
tading. In view of the fact that the 
above revisions do not alter the sense 
of the specifications, it is recommended 
that these changes be accepted for imme- 
liate adoption. 

[t is recommended that the Tentative 
Methods of Test for Soluble Nitrocel- 


36 Book of A.S.T.M. Standards, Part II, p. 785. 


On Paint, VARNISH, LACQUER, AND RELATED PRODUCTS 


lulose Base Solutions (D 365 - 35 T)”° be 
adopted as standard without revision. 

A special subcommittee of Committee 
D-2 on Petroleum Products and Lubri- 
recommend to the Interstate Commerce 


cants has considered the proposal to 
Commission the use of a closed-cup 
tester in place of the open-cup tester in 
its classification of flammable liquids, 
and has made the following recommen- 
dation: 

“Change the lower limit for flammable 
liquids from 80 to 70 F. with a cor- 
responding change from the open-cup 


tester to one of two closed-cup testers, 
as follows: 
(a) For products with viscosities of 


7.4 centistokes at 100 F. (50 sec. Say- 
bolt) or less, use the Tag closed tester 
described in the Standard Method of | 
Test for Flash Point by Means of the 
Tag Closed Tester (A.S.T.M. Designa- 


tion: D 56) of the American Society for __ 
Testing Materials. 

(6b) For products with viscosities of 
over 7.4 centistokes at 100 F., use the 
Pensky-Martens tester as described in 
the Standard Method of Test for Flash 
Point by Means of the Pensky-Martens 
Closed Tester (A.S.T.M. Designation: 
D 93) of the American Society for 
Testing Materials.” 

This subcommittee desires to go on 
record as expressing its agreement in 
principle with the action of Committee 
1-2 in the matter of flash point de- 
termination, but recommends that the 
decrease in flash point be established 
by the Interstate Commerce Com- 
mission. 

Subcommittee XXV recommends the 
following editorial change in the Stand- 
ard Specifications for Industrial 90 
per cent Benzene (Benzol) (D 361- 
36) 


20 Proceedings, Am. Soc. Testing Mats., Vol. 35, Part I, 
p. 889 (1935); also 1938 Book of A.S.T.M. Tentative 
Standards, p. 748 
21 1936 Book of A.S.T.M. Standards, Part II, p. 788. 
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Section 1.—In the table of physical 
and chemical requirements change the 
requirement for water from “‘not suffi- 
cient to show turbidity” to read ‘‘not 
sufficient to show turbidity at 20 C.” 

This subcommittee further recom- 
mends that all other standards and 
tentative standards under its juris- 
diction be continued in their present 
Status. 


This report has been sult 
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omitted to 


letter ballot of the committee which 
consists of 224 members; 105 member 
returned their ballots, of whom & 
have voted affirmatively and 0 nega. 
tively. 
Respectfully submitted on behalf of 
the committee, 


E. Situ, 
Chairman 


M. REA PAUL, 
Secretary. 
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REPORT OF SUBCOMMITTEE XV ON SPECIFIC 


DRY AND IN OIL WHEN MARKETED IN THAT FORM 


New Tentative Standard: ae 


Subcommittee XV is presenting for 
publication as tentative new Specifica- 
tions for Zinc Dust (Metallic Zinc 
Powder)' as it believes that metallic 
zinc dust pigment is now used to such 
anextent as a corrosion-resistant coating 
as to merit its being covered by A.S.T.M. 
specifications. 


Revisions of Standards: 


Revisions are recommended for imme- 
diate adoption in the present Standard 
Specifications for Zinc Oxide (D 79 — 24; 
AS.A. K22-1937)? as indicated below. 
The changes being made in Section 2 
on process are in line with the policy of 
specifying the material on the basis of 
the properties and tests of the finished 
product, rather than the process of 
manufacture. A revision is being 
recommended in Section 3 on com- 
position and properties in order to give 
the purchaser the opportunity to specify 
the physical properties more or less 
completely according to the require- 
ments of his intended use of the pigment. 

Section 2.Change to read as follows 
vy the addition of the italicized words 
ind the omission of those in brackets: 

2. (a2) Pigment.—The pigment [may be made 

hall be zinc oxide of either the American 
ess type [direct from the ore,] or [by] the 
rench process type [from spelter]. The order 
ntract shall state which is desired. 
b) Paste.—The paste shall be made by thor- 
ghly grinding the specified pigment with 
ire raw or refined] linseed oil. 


these specifications were accepted as tentative by 
ciety and appear in the 1939 Book of A.S.T.M. 
lards, Part II. 
136 Book of A.S.T.M. Standards, Part II, p. 606. 
[bid., p. 588. 


Section 3. 
from its present form: namely, 


3. (a) The color and color strength, when 
specified, shall be equal to that of a sample 


mutually agreed upon by buyer and seller. 


to read as follows: 

3. (2) In such physical properties as are 
specified by the purchaser, the pigment shall 
satisfactorily match a reference sample mutually 
agreed upon by the purchaser and the seller. 


In Paragraph (6) add an additional 
requirement for moisture to read as 
follows: 


American French Process 
Process 
Max. Min. Max. Min. 
Moisture and other vola- 
tile matter, per cent.. 0.5 0.5 


The subcommittee recommends for 
immediate adoption revisions as indi- 
cated below in the Standard Specifi- 
cations for Prussian Blue (D 261 — 28; 
A.S.A. K29-1937).2 It is pointed out 
that this pigment is very hygroscopic 
and the average good and successful 
commercial material often contains much 
more than the low limit which was as- 
signed. 

Section 3.—In Paragraph (6) add the 
following requirement: ‘Moisture and 
other volatile matter, 7.0 per cent, max.”’ 

In Paragraph (c) change the require- 
ment for moisture and other volatile 
matter from ‘0.7 max., per cent” to 
read “3.0 max., per cent.” 


Adoption of Tentative Standards as Stand- 
ard: 


The subcommittee is recommending 


ATIONS FOR PIGM ENTS 


Change Paragraph (a) 


‘ 
Thich 
bers 
If of 
man 
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the adoption as standard of the following 
five tentative specifications; with a 
revision in one of the specifications as 
given below: 


Tentative Specifications for: 
_ Aluminum Pigment Paste for Paint (D 474 

38 T), 

C.P. Para Red Toner (D 475 — 38 T), 
Zinc Sulfide Pigments (D 477 — 38 T), 
C.P. Zinc Yellow (Zinc Chromate) (D 478 

38 T), and 
Titanium Dioxide Pigments (D 476 ~— 38 T), 

revised as follows: 

Attention is called to the fact that the re- 
quirement for titanium dioxide in titanium- 
barium pigment is now 24 per cent minimum. 
A grade carrying 28 per cent is at present the 
most used commercial product, although small 
quantities of pigment containing 24 per cent are 
still made. To meet this condition, the follow- 
ing revision is recommended: 

Section 3 (b).—In the table of requirements, 
under titanium barium pigment, change the 
minimum requirement for titanium dioxide from 
“24.0 per cent,” to read “Class A, 28.0 per 
cent” and “Class B, 24.0 per cent.” 


Adoption as Standard of Tentative Revi- 
sions of Standards: 


The subcommittee is recommending 
that the revisions® of the following three 
standard specifications® (in the form of 
tentative standards) be approved for 
adoption as standard: 


Standard Specifications for: 


Red Lead (D 83 — 31; A.S.A. K24 1937), 

Commercial Para Red (D 264 - 28; A.S.A. 
K31-1937), and 

Aluminum Powder for Paints 
Bronze Powder) (D 266 ~ 31). 


(Aluminum 


Withdrawal of Standards and Tentative 

Standards: 

Withdrawal of the following speci- 
fications is recommended since they are 
to be superseded by new or revised 
specifications: 


4 Proceedings, Am. Soc. Testing Mats., Vol. 38, Part I, 

$22, 826, 833, 831, 829 (1938) ; also 1938 Book of A.S.T.M. 
Tentative Standards, pp. 703, 707, 716, 714, 710. 

5 Proceedings, Am. Soc. Testing Mats., Vol. 38, Part I, 
pp. 827, 824, 821 (1938); also 1938 Book of A.S.T.M. Tenta- 
tive Standards, pp. 708, 705, 702. 

6 1936 Book of A.S.T.M. Standards, Part II, pp. 590, 
586, 565 
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Standard Specifications’ for: 
Lithopone (D 208 -— 26), 


Titanium Barium Pigment (D 382 
A.S.A. K38-1937), 
Titanium Calcium Pigment (D 383 


A.S.A. K39-1937), 
Titanium Dioxide (D 384 — 36; A.S.A. K4 
1937), 
Zinc Sulfide Pigment (Barium) (D 385 
Zinc Sulfide (D 386 ~ 36), 
Tentative Specifications® for: 
Titanium Magnesium Pigment (D 442 
37 T), and 
Zinc Sulfide Magnesium Pigment (D 44 
37 T). 
Editorial Changes: 


Certain editorial changes are being 
recommended for the sake of uniformity 
and precision in several of the pigment 
specifications. ‘The expression proposed 
for designating moisture and_volatil 
matter is that now used in the greater 
number of pigment specifications. These 
editorial changes are as follows: 

In Section 3 (c) of the Standard Speci 
fications for Chrome Yellow (D 211 — 27 
A.S.A. K27-1937)*® change ‘Water an 
other volatile matter...” to rea 
“Moisture and other volatile matter . 

In Section 3 (c) of the Standar 
Specifications for Lampblack (D 209 
30; A.S.A. K26-1937)® change “Mate- 
rial volatile at 105 C.” to read “‘Moistur 
and other volatile matter, per cent 

In Section 3 (c) of the Standar 
Specifications for Ochre (D 85-2/ 
change, “Moisture and volatile er 
per cent” to read “Moisture and 0 
volatile matter, per cent.” 

The subcommittee further recom 
mends that all standards and tentative 
standards for pigments, éxcept thos 
enumerated below, be revised ed 


7 1936 Book of A.S.T.M. Standards, Part II, 5 
592, 594, 596, 612, 610. 

's Proceedings, Am. Soc. Testing Mats., Vol. 37, 
pp. 840, 842 (1937); — 1938 Book of A.S. ae M. Te 
Standards, pp. 712, 71 

9 1936 Book of A. S TM. Standards, Part II, 
580, 584. 
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rially by the addition of a general clause 
on methods of test, to read as follows: 


Methods of Test.—Tests shall be conducted in 
accordance with the appropriate methods of the 
American Society for Testing Materials, where 
applicable. Test procedures not covered by 
AS.T.M. methods shall be mutually agreed 
upon by the purchaser and the seller. 


Those pigment specifications in which 
such a section is now included should 
have that section revised in wording to 
be consistent with the above recommen- 
dation. The two exceptions are the 
Specifications for Aluminum Powder 
for Paints (Aluminum Bronze Powder) 
(D 266), and for Aluminum Pigment 
Paste for Paint (D 474), since both of 
these specifications contain a reference 
to the methods of analyzing aluminum 
pigments for paste. 


On SPECIFICATIONS FOR PIGMENTS 


The subcommittee has before it for — 


consideration, a revision of the Standard 
Specifications for Leaded Zinc Oxide 
(D 80 — 24) to provide requirements for 
various classes with respect to per- 
centage of lead compounds in order to 
meet present commercial conditions; 
a study of the moisture content of nom- 
inally dry pigment, with a view to 
specifying requirements for this im- 
purity where needed; the preparation of 
specifications for carbon black pigment; 
and a revision of the Standard Specifi- 
cations for Ultramarine Blue (D 262 - 
28) for the purpose of describing more 
definitely the normal composition of the 
pigment. 


Respectfully submitted on behalf of 
the subcommittee, 
H. E. Smira, 
Chairman. 
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REPORT OF COMMITTEE D-2 


ON 


Committee D-2 on Petroleum Prod- 
ucts and Lubricants held three regular 
meetings during the past year (in June 
at Atlantic City, N. J., in January at 
Detroit, Mich., and in March at Wash- 
ington, D. C.). 

During the year the following changes 
in subcommittees and technical com- 
mittees have been made: Subcommittee 
I on Pharmaceutical Tests has been or- 
ganized, and Subcommittee X on Sligh 
Oxidation Test has been discontinued; 
a new Section VIII on Aviation Gasoline 
Specifications of Technical Committee A 
has been organized, and Section IIT on 
Vapor Lock has been discontinued. 

The following tabulation contains 
changes in status of American standards 
and American tentative standards for 
petroleum products, approved by the 
American Standards Association on the 
recommendation of Sectional Committee 
Z11 on Petroleum Products and Lubri- 
cants: 


PETROLEUM PRODUCTS AND LUBRICANTS 


A Symposium on Determination of 
Sulfur in Petroleum Oils by Lamp Meth- 
ods was held in connection with the 
Washington meeting of the committee. 
The papers dealt with the accuracy and 
reproducibility of the present A.S.T.M. 
method and various modifications em- 
ployed in research laboratories. Sub- 
committee VII on Sulfur (H. M. Han- 
cock, chairman) plans further work to 
improve the Tentative Method of Test 
for Sulfur in Petroleum Oils by Lamp 
Method (D 90 — 34 T). 

Subcommittee XIII on Neutralization 
Number and Saponification (E. B. 
McConnell, chairman) has undertaken 
a program to improve the Tentative 
Method of Test for Neutralization Num- 
ber (D 188-27 T) as applied to used 
oils. Meanwhile a revision of the 
method has been found to yield repro- 
ducible results on used aviation oils and 
is presented as information in an ap- 
pendix to this report. 


Title 


REVISION OF AMERICAN TENTATIVE STANDARD 
Method of Test for Knock Characteristics of Motor Fuels 


REVISION OF AMERICAN STANDARDS 


maeed of Test for Distillation of Gas Oil and Similar Distillate Fuel 


Method of Test for Viscosity by Means of Saybolt Viscosimeter... . 
Method of Test for Distillation of Gasoline, Naphtha, Kerosine and 


Similar Petroleum Products. . 


ADVANCEMENT OF AMERICAN TENTATIVE STANDARD TO. | 


AMERICAN STANDARD 


Method of Test for Color of Refined Petroleum Oil by Means of Saybolt. 


WITHDRAWAL OF AMERICAN STANDARDS 
Method of Test for Saponification Number.. 


Method of Test for Penetration of Greases and Petrolatum 


The voting membership of Committee 
D-2 now consists of 36 producers, 31 con- 
sumers, and 12 general interest members. 


392 


A.S.T.M. Designation! 


A.S.A. Number 

MR re D 357 - 38 T Z11.37 - 
D 158 38 Z11.26 1938 
D 88 - 38 | Z11.2 - 1938 
D 86-38 Z11.10 — 1938 
D 156 - 38 Z11.35 1938 
D 94-36 Z11.20 - 1936 


Subcommittee XXIII on Carbon Resi 
due (L. C. Beard, Jr., chairman) has 
made a comparison on six oils by the 
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Standard Method of Test for Carbon 
Residue of Petroleum Products (Conrad- 
son Carbon Residue) (D 189 - 36) and 
the Ramsbottom Method of The In- 
stitute of Petroleum of Great Britain. 
The results are contained in Table I. 
Better reproducibility was obtained with 
the Ramsbottom method, and this test 
is accordingly being recommended for 
publication as tentative. 

Section I on Gum (T. H. Rogers, 
chairman) of Technical Committee A on 
Gasoline has developed a method for 
gum stability that is being recommended 
for publication as tentative as indicated 
below. The report of the section is ap- 
pended hereto. 

Section VII on Tetraethyl Lead in 

Gasoline (Graham Edgar, chairman) of 
Technical Committee A has studied 
methods for determining tetraethyl lead 
in gasoline and the HCI reflux method is 
being recommended for publication as 
tentative. The report of the section is 
appended hereto. 
Section VIII on Aviation Gasoline 
Specifications (J. B. Macauley, Jr., 
Chairman) of Technical Committee A on 
Gasoline, composed of representatives of 
the Army, Navy, producers of aviation 
gasoline, aircraft engine manufacturers 
and air transport operators, has recom- 
mended the publication as information 
only of specifications for aviation gaso- 
lines." 


I. New TENTATIVE STANDARDS 


The committee recommends that the 
= three methods of test be ac- 
cepted for publication as tentative: 


Tentative Methods of: 


Test for Carbon Residue of Petroleum 
Products (Ramsbottom Carbon Residue), 


_ proposed by Subcommittee XXIII on Carbon | 
Residue (L. C. Beard, Jr., chairman), nee 


1See p. 414. 
2 These methods were accepted as tentative by the 
Society and appear in the 1939 Book of A.S.T.M. Stand- 
ards, Part III. 
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Test for Gum Stability of Gasoline, pro. 
posed by Technical Committee A on Gasoline 
(C. B. Veal, chairman), and 

Test for Tetraethyl Lead in Gasoline, 
proposed by Technical Committee A. 


II. REVISIONS OF TENTATIVE 
STANDARDS 


The committee recommends revisions 
of six tentative standards, as follows: 


Tentative Methods of Test for Color of Lu- 
bricating Oils by Means of A.S.T.M. 
Union Colorimeter (D 155 — 34 T), and 
Test for Color of Petrolatum by 
Means of A.S.T.M. Union Colorimeter 
(D 218 - 34T):° 


The committee recommends that these 
two methods be combined into a single 
method* by making the necessary edi- 
torial additions to Method D 155. 


Tentative Method of Test for Distillation 
of Plant Spray Oils (D 447 — 37 T): 


The following addition is  recom- 
mended by Subcommittee XVII on 
Plant Spray Oils (J. B. Terry, chairman) 
to provide the usual correction for 
barometric pressure: 

Section 6.—Add a new Section 6 to 
read as follows: 


6.—The actual barometric pressure shall be 
ascertained and recorded, but no correction shall 
be made except in case of dispute. In such 
cases the temperature points shall be corrected 
to 760 mm. (29.92 in.) by the use of the Sydney 
Young equation, as follows: 
For Centigrade readings: 
Ce = 0.00012 (760 — P) (273 + t.) 
For Fahrenheit readings: 
Cy = 0.00012 (760 — P) (460 + ty) 
where: 
C, and Cy = correction to be added to the ob 
served temperature oF 
respectively, and 
actual barometric pressure ! 
millimeters of mercury. 


3 Proceedings, Am. Soc. Testing Mats., Vol. 34, Part, 
pp. 885, 890 (1934) ; also 1938 Book of A.S.T.M. Tentativ' 
Standards, pp. 775, 779. : — 

4 This method was accepted as tentative by the 
and appears in the 1939 Book of A.S.T.M. Standarés 
Part IIL. 

5 Proceedings, Am. Soc. Testing Mats., Vol. 37, Par : 
p. 875 (1937) ; also 1938 Book of A.S.T.M. Tentative Stan 
ards, p. 788. 
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Tentative Methods of Test for Saponifica- 
tion Number (D 94 — 38 T):* 


The following revision is recommended 
by Subcommittee XIII on Neutraliza- 
tion Number and Saponification (E. B. 
McConnell, chairman): 

Section 1.—Change the first sentence 
ions of the description of Method B to read as 
follows by addition of the italicized words 


pro- 
dline 


line, 


’ Lu. and omission of the word in brackets: 

‘oo Method B, used for the determination of the 
and saponification number of new and used elec- 

by trical insulating oils, and other new and used 
ter noncompounded [petroleum] oils, except that 


Method A shall be used on oils found to have a 
saponification number of 5.0 or greater by this 
these method. 


ingl 

oe Sections 11 and 12.—In the sixth and 
m fifth sentences, respectively, of these 
sections change the time of refluxing 

neg from “30 min.” to read “2 hr.” 

Lenative Method of Test for Vapor Pres- 

—* sure of Petroleum Products (Reid 

man) Method) (D 323 — 38 T):' 

n for The following minor improvements in 


this method are recommended by Sub- 
6 to committee XXII on Natural Gasoline 
G. G: Oberfell, chairman): 


hall be Section 2 (a).—After the second sen- 
on shall #§ tence add a new sentence as follows: 
in such 
yrrected The internal diameter of the connection 
Sydney ween the air chamber and the pressure gage 
be not less than 4%, in. 
ia section 3.—Change the first sentence 
read as follows by the addition of the 
talicized words: 
b 
apse ¢ pressure gage shall be a Bourdon-type 
hal g gage of test-gage quality, 4} to 5} in. 
_ liameter with a passageway not less than ¥g in. 
: liameter from the Bourdon tube to the atmos- 
34, Part |, 
Tentative 
; | foceedines, Am. Soc. Testing Mats., Vol. 38, Part I, 
she Society *41 (1938) ; also 1938 Book of A.S.T.M. Tentative Stand- 
Standards, p. 809. 
1 foceedings, Am. Soc. Testing Mats., Vol. 38, Part 1, 
37, Part, -*® (1938) ; also 1938 Book of A.S.T.M. Tentative Stand- 
Five Stand ads, p. 822. 
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1,007 centistokes at 68 F. (20 C.) 


Section 16 (c).—Change this paragraph 
to read as follows by the addition of the 
italicized words: 


(c) The air chamber shall be thoroughly 
purged of liquid gasoline and gasoline vapor. — 
This may be accomplished by filling the air 
chamber with warm water (above 90 F.) and 
allowing it to drain, repeating the operation 
at least five times (Note 5). 


Tentative Methods of Test for Kinematic 
Viscosity (D 445 — 38 T)38 


The following revision is recommended 
by Subcommittee V on Viscosity (J. C. 
Geniesse, chairman) in order to permit 
the use of additional forms of capillary- 
tube viscosimeters that will give equal 
accuracy: 

Substitute the following general state- 
ments for the present statement on 
Scope and follow with the present Meth- 
ods A and B as appendices: 


1. Scope.—This method is intended for 
determining the kinematic viscosity of any 
petroleum product or lubricant which is a true 
viscous liquid at the temperature of the test. 


2. Apparatus. —The apparatus shall be of the 
capillary type and shall be capable, under 
proper manipulation, of measuring viscosity 
with an error not greater than 0.2 per cent 
within the viscosity range in which it is to be 
used. 

3. (a) Procedure-—Two procedures meeting 
the requirements prescribed in Section 2 appear 
in the Appendix. 

(b) No method shall be used unless it gives 
an accuracy equal to or greater than (not more 
than 0.2 per cent error) the methods referred 
to in Paragraph (a), when testing the standards 
given in Section 4 (a) and (6). 

4. (a) Calibration.—Pure distilled water 
shall be the primary viscosity standard. The 
kinematic viscosity of water shall be taken as: 

0.689 centistokes at 100 F. (37.8 C.) 
0.518 centistokes at 130 F. (54.4 C.) 

Note.—For calibration of viscosimeters by 
means of water, see Section .. .*. 

@ Section 5 (b) in Method D 445 - 38 T.8 


8 Proceedings, Am. Soc. Testing Mats., Vol. 38, Part I, 
p. 900 (1938) ; also 1938 Book of A.S.T.M. Tentative Stand- 
ards, p. 832. 
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(b) Oil samples may be used as secondary 
standards. These oil standards may be ob- 
tained from the American Petroleum Institute 
or the National Bureau of Standards. Also 
oil samples whose viscosities have been deter- 
mined by a procedure conforming to the require- 
ments prescribed in Section 2 may be used as 
secondary standards. 


III. REVISIONS OF STANDARDS 

The committee recommends for im- 
mediate adoption, revisions in five 
standard methods of test, as indicated 
below, and accordingly asks for the 
necessary nine-tenths vote at the annual 
meeting in order that these modifications 
may be referred to Society letter ballot: 


Standard Method of Test for Burning 
Quality of Kerosine Oils (D 187 — 36):* 
The following amplification of the in- 

formation to be reported at the end of a 

burning test is recommended by Sub- 

committee XIX on Illuminating Oils 

(L. C. Beard, Jr., chairman): 

Section 4(d).—-Change to read as fol- 
lows by the addition of the italicized 
words and the omission of those in 
brackets: 


At the end of the test, the height and width 
of the flame and [the condition of the chimney, 
flame, and wick,] any change in these dimensions 
during the performance of the test shall be [ob- 
served and] recorded. ‘The final flame measure- 
ment shall be taken without refilling the lamp. 
The chimney shall be examined and any deposit 
on it shall be reported as light, medium, or heavy. 
The color of the deposit shall be described, for 
example, as white, yellow, or brown. The tensile 
strength of the wick fiber as determined by pulling 
the charred portion with the fingers shall be quali- 
latively expressed by designating the wick fiber as 
uninjured, weakened, or destroyed. 


Standard Method of Test for Cloud and 
Pour Points (D 97 — 34): 


The revision given below in the speci- 
fication for the A.S.T.M. low cloud and 


* Compilation of ‘‘A.S.T.M. Standards on Petroleum 
Products and Lubricants,’’ p. 29, October, 1938, available 
as a separate publication. Originally published, prior to 
editorial rearrangement, in 1936 Book of A.S.T.M. Stand- 
ards, Part II, p. 834. 

10 Compilation of “A.S.T.M. Standards on Petroleum 
Products and Lubricants,”’ p. 42, October, 1938, available 
as a separate publication. Originally published, prior to 
editorial rearrangement, in 1936 Book of A.S.T.M. Stand- 
ards, Part II, p. 853. 


pour-point thermometer is recommended 
by Subcommittee XVI on Cloud and 
Pour Test (L. C. Beard, Jr., chairman). 
In explanation of these changes, the sub- 
committee states that both cloud- and 
pour-point thermometers are calibrated 
for 4{-in. immersion and are employed 
at approximately that immersion in 
making the cloud test. In making the 
pour test, the thermometer is raised so 
that the immersion is about 3 in., which 
causes an error of about 5 F. at —30F. 
in the low thermometer. The change in 
immersion of this thermometer increases 
its accuracy for use in determining pour 
points while sacrificing accuracy in deter- 
mining cloud point, and is proposed be- 
cause of the greater importance of the 
former. No change is recommended for 
the mercury thermometer used above 
—30F. because of the small error re- 
sulting in variation of immersion of this 
type of thermometer. 


Section 3(b), Table I7-—Change the 
paragraph on immersion and standardi- 
zation to read as follows by the addition 
of the italicized words and figures and 
the omission of those in brackets: 


ImmeERSION: [108 mm. (4} in.)] 76 mm 
(3 in.). The words “[{108] 76-mm. immersion” 
on Centigrade thermometers, or “([4}] 3-in. im- 
mersion” on Fahrenheit thermometers, and 4 
line around the stem [108 mm. (4.25 in.)] 76 
mm. (3 in.) above the bottom of the bulb, shall 
be etched on the thermometer. 


STANDARDIZATION: The thermometer shall 
be standardized at the ice point and at intervals 
of approximately 20 C. or 35 F. for [108] 76-mm. 
or [4}] 3-in. immersion, and for an average 
temperature of 21 C. or 70 F. for the emergent 
liquid column. 


Stand ' Method of Test for Distillation 
of Natural Gasoline (D 216 — 32):" 


The following addition is recom 
mended by Subcommittee XXII 0 


1 Compilation of ‘‘A.S.T.M. Standards on Petroleum 
Products and Lubricants,” p. 82, October, 1938, available 
as a separate publication. Originally published, li 
editorial rearrangement, in 1936 Book of A.S.T.M. Stan? 
ards, Part II, p. 879. 
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Natural Gasoline (G. G. Oberfell, chair- 
man): 

Section 5.—Add the following as a new 
Paragraph (g): 


(g) The sum of the volume collected in the 
cylinder at any specified temperature and the 
distillation loss may be recorded as the per- 
centage evaporated at the temperature in 
question. 


Standard Method of Test for Sulfur in 
Peroleum Oils by Bomb Method 
(D 129 - 34):" 


A revision of this method,” involving 
a rearrangement and numerous changes 
of an editorial nature in the text, is 
recommended by Subcommittee VII on 
Sulfur Determination (H. M. Hancock, 
chairman). 


Standard Method of Test for Thermal 
Value of Fuel Oil (D 240 — 27): 


A revision of this method," involving 
changes primarily of an editorial nature, 
is recommended by a special subcom- 
mittee. 


IV. ADOPTION OF TENTATIVE 
STANDARDS AS STANDARD 


The committee recommends that the 
lollowing five tentative standards be 
approved for reference to letter ballot of 
the Society for adoption as standard: 


Tentative Method of Test for Acid Heat of 
Gasoline (D 481 — 38 T),"° on the rec- 
ommendation of Technical Committee 
A on Gasoline (C. B. Veal, chairman), 
revised to clarify the wording about 
the fit of the cork, as follows: 


* 1936 Book of A.S.T.M. Standards, Part II, p. 974. 
is method was adopted as standard by the Society 
aha in the 1939 Book of A.S.T.M. Standards, 


1936 Book of A.S.T.M. Standards, Part II, p. 977. 
, +his method was adopted as standard by the Society 
in the 1939 Book of A.S.T.M. Standards, 


* Compilation of ““A.S.T.M. Standards on Petroleum 
‘ucts and Lubricants,” p. 16, October, 1938, available 
va 1-4 publication. Originally published in Proceed- 
Am. Soc. Testing Mats., Vol. 38, Part I, p. 862 (1938); 
938 Book of A.S.T.M. Tentative Standards, p. 771. 


Section 2(b).—Change the second sen- 
tence to read as follows, by the addition 
of the italicized words and the omission 
of those in brackets: 


This rubber stopper shall [fit snugly in the 
mouth of the bottle] be shaped to seat on the rim 
of this bottle, the inserted portion fitting loosely 
in the neck, and means shall be provided to hold 
the rubber stopper firmly in place. 


Tentative Method of Test for Knock Char- 
acteristics of Motor Fuels (D 357 - 
38T)," on the recommendation of 
Technical Committee A, revised as 
follows: 

Section 1.—Delete the word “the’’ be- 
fore “knock” in the first sentence; add 
an explanatory note to the section on 
Scope, to read as follows: 


Norte.—The field of knock testing is complex 
and the following statement of fact, while well- 
known to the expert, is presented as a warning 
to others who might assume that the test may 
be used without limitations to evaluate motor 
fuels in service: 

It has been demonstrated through years of 
research that no single laboratory test can be 
used as an accurate measure of the knock char- 
acteristics of a motor fuel. ‘The tendency of a 
fuel to knock varies in different engines and 
depends upon the weather conditions, the ad- 
justment of the spark, carburetor, etc., and the 
design and condition of the engine. When 
used in a given engine, the complete knock 
characteristics of a given motor fuel can be 
determined only by running the fuel in that en- 
gine under varying driving conditions. The 
A.S.T.M. octane number is an evaluation of the 
knock characteristics of the fuel in the C.F.R. 
engine under arbitrarily prescribed test condi- 
tions. Deviations of ratings of fuels on the 
road from ratings by the A.S.T.M. method may 
be large. In general these deviations are less 
than +3 octane numbers, although in excep- 
tional cases they may amount to as much as 10 
octane numbers. 


Tentative Viscosity-T emperatureCharts for 
Liquid Petroleum Products (D 341 — 
37 T)"* and Method for Conversion of 
Kinematic Viscosity to Saybolt Universal 


" Proceedings, Am. Soc. Testing Mats., Vol. 38, Part I, 
p. 871 (1938) ; also 1938 Book of A.S.T.M. Tentative Stand- 
ards, p. 791. 

1s Proceedings, Am. Soc. Testing Mats., Vol. 37, Part 1, 
pp. 914, 911 (1937); also 1938 Book of A.S.T.M. Tentative _ 
Standards, pp. 841, 845. 
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recommendation of Subcommittee V 
on Viscosity (J. C. Geniesse, chair- 
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TABLE II.—-ANALYSIS OF LETTER BALLOT VOTE. 


Ballots 
Items Affirmative Negative Marked 
‘Not Voting” 
PUBLICATION AS INFORMATION ONLY 
I. New Tentative STANDARDS 
Test for Carbon Residue of Petroleum Products (Ramsbottom Carbon 
Test for Gum Stability 43 0 7 
Test for Tetraethyl Lead in Gasoline...................ccccccccccccceces 43 0 10 
IJ. Revisions or TENTATIVE STANDARDS 
Test for Color of ace rs Oils (D 155 - 34 T), and Color of Petrolatum 
(D 218-34T) by A.S.T.M. Union Colorimeter, combined into one 
Tentative Method of Test for Distillation of Plant Spray Oils (D 447 - 
Test for Saponification das 58 1 5 
Test for Vapor Pressure of Petroleum hd aah (Reid Method) (D 323 - 
Test for Kinematic Viscosity (D 445 - 38 61 1 2 
III. Revisions or STANDARDS 
be ae Burning Quality of Kerosine Oils (D 187 - 36), immediate ame 
‘ 44 0 6 
Test & Cloud and Pour Points (D 97 - - 34), ‘immediate ‘adoption. ere 61 0 3 
Test for Distillation of Natural Gasoline (D 216 - 32), immediate adoption. 54 0 10 
Test for Sulfur in Petroleum Oils by Bomb Method (D 129 - 34), imme- 
Test for Thermal Value of Fuel Oil (D 240 - 27), immediate adoption...... 45 0 5 
IV. ApopTion or TENTATIVE STANDARDS AS STANDARD 
Test for Acid Heat of Gasoline (D 481 - 38 T), asrevised................ 52 0 12 
Test for Knock Characteristicsof Motor Fuels (D 357 - 38 T), as revised. . 49 0 15 
Viscosity - Temperature Charts for Liquid Petroleum Products (D 341 - 
Method for Conversion of Kinematic Viscosity ‘to Saybolt ‘Universal Vis- 
Def. of Terms Relating to Petroleum (D 288 - 36 T)...................-- 48 0 2 
V. ApopTion AS STANDARD OF TENTATIVE REVISIONS OF STANDARDS 
Test for Carbon Residue of Petroleum Products (Conradson Carbon Resi- 
Test for Cloud and Pour Points (D 97 - 34)........ 61 0 
Test for Gravity of Petroleum and Petroleum Products by Means of the 
VI. WitapRaAWAL oF TENTATIVE STANDAR? 
Test for Expressible Oil and i Moisture j in Paraffin Waxes (D 308 - 29 T). 46 0 18 


Tentative Definitions of Terms Relating to of the following three methods be tr 
Petroleum (D 288 — 36 T),8on therec- ferred to letter ballot of the Society for 


sal Viscosity (D 446 — 37 T),%on the V. ADOPTION AS STANDARD OF TeENTA- 
TIVE REVISIONS OF STANDARDS 


\ The committee recommends that the 
man). tentative revisions published last year" 


ommendation of Subcommittee XX on adoption as standard: 
Nomenclature(A.E.Miller,chairman). Standard Methods of Test for: 
Carbon Residue of Petroleum Products (Con: 


19 Proceedings, Am. Soc. Testing Mats., Vol. 36, Part 1, 
a: = os also 1938 Book of A.S.T.M. Tentative Stand- 
ards, p. 847 


2 Proceedings, Am. Soc. Testing Mats., Vol. 38, Part | 
p. 1331 (1938); also 1938 Book of A.S. T.M. Tentative 
Standards, p. 1697. 
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radson Carbon Residue) (D 189 - 36; A.S.A. 
711.25 — 1936), 

Cloud and Pour Points (D 97 — 34; A.S.A. 
711.5 - 1934), and 

Gravity of Petroleum and Petroleum Prod- 
ucts by Means of the Hydrometer (D 287 — 37; 
AS.A. Z11.31 — 1937). 


VI. WITHDRAWAL OF TENTATIVE 
STANDARDS 

The committee recommends that the 
Tentative Method of Test for Ex- 
pressible Oil and Moisture in Paraffin 
Waxes (D 308 - 29 T)* be withdrawn. 
The recommendation originated in Sub- 
committee III on Paraffin Wax (L. C. 
Beard, Jr., chairman) after further co- 
operative work had demonstrated that 
the method does not give satisfactory 
results and is not susceptible to im- 
provement. 


VII. TENTATIVE STANDARDS CONTINUED 
AS TENTATIVE 

The following tentative standards 
have remained in the tentative status 
for a period of three years or longer 
without revision: 

Tentative Method of Test for Neutralization 
Number of Petroleum Products and Lubricants 
‘D 188-27 T), and 

Tentative Method of Test for Sulfur in Pe- 
troleum Oils by Lamp Method (D 90 - 34 T). 

These tentative standards may be 
revised before being recommended for 
adoption as standard as a result of fur- 
ther work by the responsible subcom- 
mittees. It is accordingly recommended 
that they be continued as tentative. 


Proceedings, Am. Soc. Testing Mats., Vol. 29, Part I, 
82 (1929) ; also 1938 Book of A.S.T.M. Tentative Stand- 
». 805. 


_the committee, 


VIII. STANDARDS CONTINUED WITHOUT 
REVISION 


Seven standard methods have been 
published for a period of six years or 
more without revision, as follows: 


Standard Methods of Test for: 


Autogenous Ignition Temperatures of Petro- 
leum Products (D 286 — 30), a 
Burning Quality of Mineral Seal Oil 
(D 239 — 30), 
Flash and Fire Points by Means of Open 
Cup (D 92 - 33), 
Melting Point of Petrolatum (D 127 — 30), = 
Sampling Petroleum and Petroleum Prod- 
ucts (D 270 — 33), 
Detection of Free Sulfur and Corrosive Sulfur 


Compounds in Gasoline (D 130 — 30), and 

Water in Petroleum Products and Other Bi- 
tuminous Materials (D 95 — 30). 7 
These methods have been considered by 
the committee and require no revision. : 7 


The recommendations appearing in 
this report have been submitted to letter 
ballot of the committee which consists of 
79 voting members, with the results 
shown in Table IT. 


This report has been submitted to 
letter ballot of the committee which con- 
sists of 79 voting members; 64 members 
returned their ballots, of whom 63 have 
voted affirmatively, and 0 negatively. 


Respectfully submitted on behalf of 


T. A. Boyp, 
Chairman. 


Secretary. 
wes 


Pa 


Subsequent to the annual meeting, Committee D-2 on Petroleum Prod- 
ucts and Lubricants presented to the Society on August 24, 1939, through 
Committee E-10 on Standards a revision of the Tentative Specifications for 
Fuel Oils (D 396-38 T). This revision was accepted by Committee E-10 
and the specifications in their revised form appear in the 1939 Book of 
A.S.T.M. Standards, Part III. 
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REPORT OF SECTION ON GUM 


TECHNICAL COMMIT 


An earlier report! of this section pro- 
_ posed a method for determination of 
gum content and introduced the subject 
of gum stability. Since that time an 
extensive amount of work has been done 
on accelerated methods of determining 
gum stability and upon the relation of 
such tests to storage behavior. 

A metal bomb, suitable for making 
oxidation tests under pressure at ap- 
proximately 212 F., was designed and 
one of these bombs was obtained by each 
member of the section. In developing 
this design, advantage was taken of the 
experience of various laboratories on 
the use of metal bombs, attention being 
given to such factors as mechanical 
suitability, ease of cleaning, temperature 
lag, and ratio of oxygen to sample. At 
the outset, a reference method for 
carrying out the test was drawn up, 
which involved use of a temperature 
of 211 F. and initial pressure of 100 lb. 
A comprehensive exploratory program 
was undertaken, in which a number of 
variables were studied. Altogether, 
about 25 gasolines were included in this 
work and a large number of cooperative 
tests were carried out. The low-pres- 
sure induction-period test? (Voorhees 
method) and the copper-dish test were 
also studied. The present report sum- 
marizes the work of the last 5 yr. 


1 Proceedings, Am. Soc. Testing Mats., Vol. 32, Part I, 
p. 407 (1932). 

2 V. Voorhees and J. O. Eisinger, ‘“The Significance of 
Gum in Gasoline,” Proceedings, Am. Petroleum Inst., 
Vol. 10, Part II, p. 169 (1928). 

T. H. Rogers, J. L. Bussies and P. T. Ward, ‘Gum 
Formation in Gasoline. I. Measurement of Gum Sta- 
bility in Gasoline,”’ Industrial and Engineering Chemistry, 
Vol. 25, pp. 397-402 (1933). 
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EXPLORATORY OXIDATION TEsTS paralle 
Criteria of Break.—A common method re 
of expressing the results of accelerated r re | 
oxidation tests on gasoline is in terms 
of the induction period, which is the _ 
time from the start of the oxidation 
test until a sharp increase in rate of 
oxidation, or “‘break,” isreached. Vari- 
ous methods of defining the break point 
were used, including a total drop of 5 
or 10 lb. and a rate of pressure drop of 
2 lb. in 15 min. Also, gum contents 
were determined at different lengths of 
time of oxidation. — 
The results obtained indicated that 
the use of the induction period, as 
defined by the rate of pressure drop, 
the most satisfactory from the stand- 
point of reproducibility. Other findings Bj {abi 
were as follows: *Inhit 
1. The determination of amount d §- 
gum formed at a fixed time gives very When 
erratic results. 
2. The amount of gum present at the J Sankir 
break point, however defined, is not 4 § ™ 4s 
fixed value for different gasolines but ducti 
ase 


varies with the stability of the gasolines. 

3. A significant temperature rise was 
noted in the gasoline at the break point. 
This may amount to as much as 10F. 
and is the result of rapid oxidation of 
the gasoline. This phenomenon tends 
to interfere with the use of the method 
as an isothermal accelerated test but, 
on the other hand, it tends to accet 
tuate the break point and make the us 
of the induction period criterion a pract 
cal one. 
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Temperature.—The induction periods 
of several gasolines, including some con- 
taining an inhibitor, were determined 
at four temperatures over the range 
{85 to 225F. These data formed a 
straight line when log of induction pe- 
riod was plotted against reciprocal of the 
absolute temperature, and the curves 
for the different gasolines were closely 
sarallel. This is in accordance with 
ther published data,* showing that the 
lation between the induction period 
and temperature may be expressed as 
follows: 


> 


log IP = A + = 


On GuM 


amount of data obtained, Table I may 


TABLE I.—EFFECT OF PRESSURE ON INDUCTION PERIOD. 
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25 ml. of gasoline, the induction period 
being increased slightly as the volume of 
the sample was decreased. Although 
the induction period was not greatly 
affected by change in the volume of the 
sample, it was found that the amount 
of gum formed after a given time was 
much greater in the case of the smaller 
sample. 

Pressure.—A_ substantial amount of 
work was done with varying initial pres- 
sure in the bomb test, inasmuch as some 
cases had been noted where there were 
marked differences in the ratio of results 
between the low-pressure Voorhees type 
of test and the bomb test. From a large 


Induction Period, min. 


Bomb (100 Ib.) | 


Control Gasoline Inhibited® Inhibited’ Inhibited* 

‘ Lab. 4| Lab.6 | Lab.8 | Lab.6 | Lab. 8 Lab. 4 | Lab. 6 Lab.4 | Lab.8 
fomb, 135-lb. initial pressure......... 105 | 180 190 230 | 215 220 | 235 270 | 365 
bomb, 100-Ib. initial pressure......... 180 188 190 245 240 225 250 390 | 405 
bomb, $0-lb. initial pressure.......... 210 195 217 | 290 290 270 267 | #465 | 475 
Voorhees 212 228 225 | 380 292 290 316 595 575 
Iatig, Voorhees Method 1.18 | 1.20 | 1.18 | 1.55 1.18 1.23 1.53 | 1.42 


| 1.30 


‘Inhibited with benzol ‘aminophenol. 
‘Inhibited with alphanaphthol. 
‘Inhibited with hardwood creosote. 


When the induction period is expressed 
1 minutes and temperature in degrees 
Rankine, the average value of B for the 
‘ gasolines studied was 10,300. The 
iduction period is doubled for a de- 
tase in temperature of approximately 
SF. showing that accurate tempera- 
it@ control is essential in the test. 
Volume of Sample.—It was found that 
volume of the sample used has but 
ght effect on the induction period. 
‘s between volumes of 100 and 110 ml., 
0 perceptible difference was noted. 
‘ts were also made with 50 ml. and 


Ramsay, Stability of Gasolines,”” Indus- 
"land Engineering Chemistry Vol. 24, pp. 539 542 (1932). 
Aldrich and N. P. Robie, “The Gum 
“solines,” Journal, Soc. Automotive Engrs., Vol. 
198 207 (1932). 


be given as typical of the results. It 
will be noted that the effect of pressure 
is not very great, and that in the neigh- 
borhood of 100 lb., a few pounds varia-— 
tion will not have significant effect. The 
results show that the ratio between the — 
low-pressure test and the high-pressure 
test increases as the induction period — 
of a gasoline is increased by adding 
inhibitor. 

Effect of Glass Liner.—Tests were 
made with various gasolines, in which 
the results with and without a glass liner ~ 
were compared. These tests showed 
that exposure of the gasoline to the 
metal had a slight accelerating effect, | 
but this was not pronounced in any eo 


— = 
rated 
terms 
| 
| 
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In general, 
lowered by about 10 per cent by elimina- 
tion of the liner, part of which may be 
accounted for by the decrease in tem- 
perature lag. 


the induction period was 


Purging and Shaking.—The reference 


procedure originally used consisted in 
filling with oxygen to a pressure of 125 


lb., followed by purging and refilling 
‘TABLE Il.—EFFECT OF SHAKING ON INDUCTION 
PERIOD. 
Induction Period, min. | 5 | 
ia 
Sample D | Sample E a 
| 
Bomb | Bomb 
| 
3 | n - 
150, 150, ...| 195| 150| ...| 0.74| 1.0 
157, ...| 206 197 ...| 0.75 | 0.74 
4 145) 335 225) 185 | s40l 1.0 | 0.80 | 1.03 
150) 355, 205) 180) 320) ... 
| 335) ...| 
| 
2 180, 165) 484 240 210 438) 0.75 | 0.75 | 1.12 
180) 150) 475, 240) ... sad 
| | 
6 208 163) 355, 234 225) 365| 0.83 | 0.71 | 1.03 
185 165, 395| 240, 240, 375| .... | .... 
...| 375| 230) ...| 355] .... 
370, 232| ...| 360] ... 
| | 
188, 168 ...| 243, 228) ...| 0.78 | 0.74 
198 168 .. pos 228 
| | 
249, 190 ...| 272, 235) ...| 0.91 | 0.82 
| 
10.. 180 150, ...| 225 180, ...| 0.78 | 0.80 
11 150, 120, ...| 210, 165) ...| 0.71 | 0.70 
Grand | 177) 149| 375, 0.79 | 0.78 | 1.06 
Avg. | 


* Tests made in this laboratory were at 209 F, and are 


not included in the average. 


twice and final adjustment of the pres- 
sure to 100 Ib. 
showed that this procedure gave the 
same results as did a single filling with- 
out purging. Also related to this were 
tests in which the bomb was shaken 
thoroughly in order to attain saturation 
more quickly. 
dure, the liner was eliminated. Com- 


Comparative tests 


In the shaking proce- 
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parative tests are shown in Table I], 
and it will be noted that the induction 
period is decreased somewhat by shak.- 
ing, although this decrease is of about 
the same order of magnitude as that 
obtained by elimination of the glass liner 
without the shaking procedure. The 
results serve, incidentally, to show the 
reproducibility obtained in various lab- 
oratories. As will be noted, the rela- 
tionship between the two gasolines js 
about the same whether or not the shak- 
ing procedure is employed. It was, 
therefore, decided that the simple pro 
cedure of filling the bomb, adjusting the 
pressure, and allowing the bomb to stand 
quiescent after putting it in the bath 
should be adopted. 


STORAGE TESTS 


The relation between accelerated gum 
stability and storage tests has been 
studied* extensively in various labora- 
tories. Both the Voorhees method and 
the 100-lb. bomb test have been used, 
and the copper-dish test has also been 
employed in this connection. A general 
relationship between these accelerated 
and storage tests is brought out, but 
various discrepancies and departures 
from exact correlations have been noted. 
The object of the work of this section 
was not to cover completely the question 
of commercial storage of gasoline but 
to make a series of cooperative storage 
tests under a standard condition thought 
to be significant and to compare the 
results of these tests with accelerated 
tests. As predictive tests, the following 
were employed: 

(a) Bomb Test.—_-The bomb test, 4 
developed in the above described work 


4T. H. Rogers, J. L. Bussies and P. T. Ward, | 

Carl Winning and R. M. Thomas, “Predicting St 
of Gasolines to Aging,” Industrial and E ngineering ( Chem 
istry, Vol. 25, pp. 511-516 (1933). 

Dryer, J. C. Morrell, G. Egloff and C. 
r., “Inhibitors in Cracked Gasoline. I 
Stability as Related to Induction Period and Cr 
Oxidation Potential,’ Industrial and Engineering 
istry, Vol. 27, pp. 15-20 (1935). 
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and as now proposed as a tentative 
method.® 

(b) Voorhees Method.—The Voorhees 
method, in which the following varia- 
tions from the published‘ procedure were 
used: The flask was not shaken; a 50-lb. 
recording gage was used, and the break 
point was taken as the point at which a 
pressure drop of 0.58 Ib. in 30 min. 
occurs; 10 min. were subtracted from 
the observed induction period to allow 
for temperature lag. 

(c) Copper-Dish Test.—The copper- 
dish test following the procedure® which 
is employed in a number of laboratories. 
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volume of gasoline corresponded roughly 
to that obtained in a 50-gal. barrel. 
Three basic gasolines were used and 
the above storage tests were carried out 
in eight laboratories. The gasolines 
were all-cracked stocks which had been 
sweetened with a doctor solution. With 
these stocks as the basis, other samples 
were prepared by blending, addition of 
an inhibitor, tetraethyl lead, etc. Also, 
several other gasolines of entirely differ- 
ent sources were included in the series, 
The latter groups of modified gasolines 
were tested in only one or two labora- 
tories, samples of the initial stock being 


TABLE III.—SUMMARY OF ACCELERATED AND STORAGE TESTS. 


Gasoline 


Cracked, sweetened 
Cracked, sweetened 
B-1 + inhibitor............ ion 
-1 + inhibitor.......... 
-1 + inhibitor... 

-3b + ne Fluid 


ele) 


Acid treated 
Gray process 
| Cracked, X-3-2, sweetened............... 


! 


The storage tests were carried out in 
brown glass bottles of approximately 1- 
gal. capacity. These were maintained 
at a temperature of 90 F. in a water 
bath, provision being made for access 
of air by placing a small capillary tube 
in the cork stopper. One set of tests 
was carried out in glass with no catalyst 
or water present. A similar test was 
made in which 250 ml. of distilled water 
and a steel strip were placed in the 
bottle. The ratio of metal surface to 


5 This method was accepted as tentative by the Society 
and pees in \the 1939,Book of A.S.T.M. Standards, 
Part Ill. 

6 Federal Specification for Lubricants and Liquid 
Fuels (VV-L-791a), Section IV, Method 330.1. 


Grand Average 
Stored By Rndustion Dusted, | Copper | Storage 
ish, | ife, 
| Bomb | Voorhees | _ on 
All labs. 56 53 | 100 | 85 
All labs. 93 116 150 110 
Alllabs. | 192 | 251 130 160 
Lab. 4 85 | 108 25 255 
Lab. 4 174 250 20 365+ 
Lab. 6 205 330 70 290 
Lab. 2 205 330 70 120 
Lab. 8 172 203 100 255 
Lab. 8 161 228 ~| 180 255 
Lab. 7 156 254 | 140 105 
Lab. 2 130 267 90 100 
Lab. 1 271 369 5 365+ 
Lab. 5 271 369 5 385 
Lab. 1 390 641 10 365+ 
Lab. 5 250 395 10 310 
Lab. 3 96 83 85 | 10 
Lab. 3 238 302 35 (365+ 
Lab. 7 39 32 220 F) 
Lab. 6 170 230 230 150 
Lab. 6 160 195 135 215 


checked in several laboratories by the 
accelerated tests. 

In general, a reasonably good agree- 
ment in storage results was obtained in 
the different laboratories. Figure ! 
gives, as an example, all of the test 
results obtained on one of the gasolines. 
The data from the separate’ laboratories 
show a linear relationship between the 
logarithm of gum content and time 0 
storage. In view of this method o 
plotting, the differences which are ap 
parent in low gum contents are no 
significant and the storage time to form 
10 mg. of gum was, with one excepto, 
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in reasonably good agreement for all the three basic gasolines and from four 
laboratories. Table III shows the aver- laboratories in the case of other gaso- 
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dish tests from three to seven labora- 
tories. In general, duplicate tests were 
made in each laboratory. 

Figure 2 shows an attempted correla- 
tion between the storage life (to form 
10 mg. of gum) and the copper-dish 
test. The length of the horizontal line 
shows the spread obtained in the tests 
by the different laboratories and the 
point indicates the grand average. It 
will be noted that there is a rough rela- 
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tionship. Figure 5 shows another type 
of correlation in which a combined 
factor, involving both the copper-dish 
test and the induction-period test are 
used. This correlation shows some im- 
provement over those preceding, al- 
though the nature of the relationship 
and the unsatisfactory reproducibility 
of the copper-dish test do not justify 
recommendation of this as a standard 
procedure. 


400 
*C-6B 
300 ¥C-3A Lab.6 
4 
C58 
C120) 
200}- 4. __ 
6 
2 
o | C-3A Lab. 2 
@ 100} 3¢-2 
eis | 
7 X-2 
° 0 
5s 0 100 200 300 400 500 
Cc Dish G 
Factor = Bomb Induction Period +100 - oe = 


Fic. 5. 


tionship, but that the variation in the 
copper-dish test is extremely wide, and 
at low copper-dish values, the relation of 
this test to storage behavior is quite 
indefinite. Figures 3 and 4 show the 
relationship between the Voorhees test 
and the bomb test, respectively, and 
storage life. The variation in the ac- 
celerated test results is not as serious as 
in the case of the copper-dish test. 
Each of the curves shows fair correlation 
between induction period and storage 
life, although there are various marked 
exceptions to a linear or smooth rela- 


Storage Stability versus Induction Period 


Copper Dish Factor. 


The storage tests in the presence of 
water and metal strip showed rather 
marked acceleration over those of gaso- 
line alone. The results, as might be 
expected, were more irregular. In gen- 
eral, the degree of acceleration was 
roughly the same for all the gasolines, 
so that it appears that the imposition of 
these added factors would not particu- 
larly affect the relative stability of the 
gasolines. In one set of tests, water 
alone and metal alone was added to 
gasoline. These tests show that the 
water did not accelerate but rather 
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slightly inhibited the rate of gum forma- 
tion. The effect of the metal strip was 
markedly to accelerate gum formation 
in line with the general tests already 
described. 

In addition to these laboratory tests, 
two series of storage tests in automotive 
fuel tanks have been made with four of 
the gasolines. In the first series the 
temperature averaged 70.6 F., without 
great fluctuation. Summarized results 
are shown in Table IV. Owing to the 
rapid rate of gum formation in some 
tests, it is preferable to make compari- 


TABLE IV.—STORAGE TESTS OF GASOLINES IN 
AUTOMOTIVE FUEL TANKS. 


Days to Form 50 mg. of 
Gum T.M. Method | 


Gasoline | Tank 81-36) 

| 

| 1 
SERIES A. STORAGE AT CORAL GaBLEs, FLA 
C4.........| Old tanks 105 | 140 | ... 
See New tanks 50 45 55 
| Spee | New tanks 100 60 90 
“Se | New tanks 140 85 a. 
ee New tanks 175 225 

SERIES B. STORAGE A AT Detroit, MicH. 

oud New tanks 300 | —- 290 
| ORS | Newtanks | 250 | 300 | 240 
Se | Newtanks | 320 | 320 | 320+ 
Gece New tanks | more than 320days 


* Inthe samples from the new tanks an oily residue of 
5to 15 mg. per 100 ml. was obtained consistently; this 
was subtracted from the total residue to obtain the actual 
gum content. 

Standard Method of Test for Gum Content of Gaso- 
line (A.S.T.M, Designation: D 381), 1936 Book of 
AS.T.M. Standards, Part II, p. 935. 


sons of storage life using a relatively 
high gum content limit, 50 mg. being 
arbitrarily selected. These tests showed 
4much more rapid rate of gum forma- 
tion than in glass bottles, in spite of the 
ower storage temperature. Except for 
thé reversal in behavior of gasolines 
B-l and C-1, the comparative order of 
stability of gasolines was the same as 
those in the glass-bottle storage tests. 
\ finding which is quite significant 
's that new automotive fuel tanks 
cause much more rapid gum formation 
than do used tanks. In the second 


series of tests, storage extended from 
November, 1937, through the following 
summer at atmospheric temperature in 
Detroit. As shown in Table IV the rate 
of gum formation was much slower. 
The order of stability appears to corre- 
late better with laboratory storage, but 
the variable temperature of storage 
precludes quantitative comparisons. 


CONCLUSIONS 


It is the opinion of the members of 
this section that a standardized form of 
accelerated oxidation test should be 


TABLE V.—COMPARISON OF RESULTS BY 
VARIOUS BOMB TESTS. 


| Induction period, min. 
. | Pro- | Univer-| Stand- | 
Sample | posed | sal Oil | ard Oil | Socony | Ethyl] 
| Tenta- | Prod- | of New Vacuum!) Gas 
tive ucts | Jersey | Bomb* Bomb? 
Method*, Bomb? | Bombé | 
55 4s 66 45 
_ ae 93 101 130 93 
SRE. 192 258 182 203 
205 215 172 
161 230 188 
250 | ... 275 | 262 
128 | 180 120 
Sane 175 210 180 
, SR 272 260 | 210 
eee 385 530 360+ 
@ Gustav Egloff, J. C. Morrell, C. D. Lowry, Jr., and 
C. G. Dryer, “Inhibitors in Cracked Gasoline. I. Rela- 


tion of Structure to Inhibiting Effectiveness,’”’ Industrial _ 
and Engineering Chemistry, Vol. 24, pp. 1375-1382 (1932). 

4D). T. Flood, ky’ and Graham Edgar, 
“Chemical Nature of Gum- forming Constituents in Gaso- 
line,” Industrial and Engineering Chemistry, Vol. 25, 
pp. 1234-1239 (1933). 


made available to the industry. Stor- 
age tests have shown that, although such 
tests have some drawbacks, they are 
broadly significant with respect to gum 
formation. Of the two tests available, 
the data obtained do not show marked 
advantage in favor of one or the other. 
The bomb test is more generally used in 
the industry, and this type of test has 
accordingly been drawn up as a proposed 
Method of Test for Gum Stability of 
Gasoline’ which is being recommended 
for publication as tentative. 

It should be pointed out that because 
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of differences in design, particularly as 
regards ratio of oxygen to sample, the 
results with this proposed method can- 
not be expected to agree with other bomb 
tests, even though the tests are carried 
out at the same temperature and pres- 
sure. Table V gives some data showing 
a comparison of results by A.S.T.M. 
bomb with those obtained by some other 
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bombs which are in general use. These 
results are useful for general information 
but are not suitable for quantitative 
transposition of results from one bomb 
test to those of another. 


Respectfully submitted on behalf of 
the section, 
T. H. Rocers, 
Chairman, 
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of RE PORT OF SECTION ON TETRAETHYL LEAD IN GASOLINE 7 


TECHNICAL COMMITTEE A ON GASOLINE 
- The section was formed about two _ gasolines of known lead content covering 
years ago and shortly thereafter co- a variety of chemical types using this 
operative work was begun on the meth- modified method. The results of these 
ods of analysis then commonly used for cooperative tests were so satisfactory 
determining tetraethyl lead in gasoline. that at its meeting on January 16, 1939, 
Serious shortcomings were foundin these the section voted to recommend the 
methods when applied to certain types method to Technical Committee A for 
of motor fuels. Shortly thereafter the publication as a tentative standard. 
attention of the section was called to a The test data are summarized in Table I. 
method developed by the Imperial Oil Briefly the conclusions which can be 
Co. of Canada in which the gasoline was drawn from the data are as follows: 
refluxed with concentrated hydrochloric The proposed method is the most 
acid, the acid later being extracted and accurate of any of the methods for ex- 
the lead salts therein later converted into tracting lead from gasoline. Followed 
lead nitrate. Preliminary examination by an accurate method for determining 


TABLE I.—MEAN ERROR IN MILLILITERS OF TETRAETHYL LEAD PER GALLON. 


1 | 2 | 3 4 5 | 6 
Actual lead content, ml. per gal..........00..00ee00- 2.820 | 0978 | 2.989 | 1.430 "0.286 | 2.293 
HCl-Reflux Method (proposed method).............. —0.003 | —0.010 -0. on —0.006 | —0.009 | —0.039 
HCl-Reflux Method (omitting heavy distillate)...... —0.043 | —0.014 | —0.019 | —0.008 | —0.005 | —0.032 
—0.043 —0.013 —0.062 —0.041 —0.041 —0.124 
Imperial Oil Method (one laboratory) ............... —0.010 +0.022 —0.019 —0.030 +0.004 —0.053 


of this method indicated that it had the extracted lead it gives results which 
many advantages over the more com- average 0.7 per cent low and which are 
monly used methods but that it was reliable to about 1.4 per cent when com- 
time-consuming and not too welladapted paring an individual result with the 
to serve the needs of laboratories doing mean of results from the same labora- 
a large amount of this work. tory, or to 3 per cent when comparing re- 
The Ethyl Gasoline Corporation’s sults from different laboratories. Omis- 
laboratory developed a modification of sion of the heavy distillate gives equally 
this method employing the same general good results for gasolines of normal vola- 
principle but using special equipment by _ tility (samples 3, 4, 5 and 6), but gives 
means of which the time for the deter- results having a higher negative error 
mination was cut down very materially (about 2 per cent) for highly volatile 
and the precision increased. Duringthe gasolines, such as samples 1 and 2. 
latter part of 1938 and early 1939, the The bromine method (at present the 
“ction carried out cooperative tests on most widely used of all methods) ores 
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a greater error, averaging 3 per cent 
low, the error being particularly large 
(6 per cent) in the case of a highly 
cracked gasoline such as sample 6, and 
the variation between laboratories is 
higher (about 4 per cent). 

The Imperial Oil Method, based on re- 
sults from one laboratory, is almost as 
accurate as the proposed method. No 
other method examined gives as good 
results. 

Finally, the proposed method gives 
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more accurate and reproducible results 
than any other known method, and in 
addition lends itself readily to multiple 
determinations for laboratories carrying 
out large numbers of lead determina- 
tions. The apparatus employed, while 
special, is not expensive and involves no 
difficulties to the manufacturer. 


Respectfully submitted on behalf of 
the section, 


GRAHAM EDGAR, 
Chairman. 
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Scope 

1. This method of test is intended 
to indicate in used aviation oils the pres- 
ence of organic constituents having acid 
characteristics, and the contamination 
by mineral acids. 


Neutralization Number 


2. Neutralization Number.—Neutrali- 
zation number is the weight in milli- 
grams of potassium hydroxide required 
to neutralize one gram of oil. 


Special Solutions Required 


3. (a) Aqueous Potassium Hydroxide 
(1 ml. = 5 mg. of KOH).—Dissolve 
j.1 g. of c.p. KOH in 1 liter of freshly 
boiled and cooled distilled water. Add 
a very small amount of barium hydrox- 
ide, sufficient to precipitate any potas- 
sium carbonate present. Standardize 
this solution against National Bureau 
of Standards’ standard sample No. 39e 
of benzoic acid, using phenolphthalein 
as an indicator according to the follow- 

grelation: 


mg. of KOH 
g. of benzoic acid 


56.104 g. of KOH 


~ 422, 048 g. of benzoic acid 
10.88 g. of benzoic acid 


I ml. of KOH = 


Under the standardization procedure of the Society, 
Pye method is under the jurisdiction of the 


= Committee D-2 on Petroleum Products and 
ibricants. 


> 


APPENDIX I 


PROPOSED METHOD OF TEST FOR NEUTRALIZATION NUMBER OF 
USED AVIATION OILS' 
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This is a proposed method and is published as information only. Comments are 
solicited and should be addressed to the Society, 260 S. Broad St., Philadelphia, Pa. 


This weight of benzoic acid is required 
for standardization. The weight of 
benzoic acid should be dissolved in 50 
ml. of 95 per cent alcohol and titrated 
cold. For the blank, use the same 
amount of alcohol and correct the 
titration. 

Make necessary adjustments of the 
solution so that the value of potassium 
hydroxide equals 5 mg. of KOH per 
1 ml. 


Nore.—Fit the solution bottle with a guard 
tube of soda lime to prevent access of carbon 
dioxide. The solution should be restandardized 
at necessary intervals. 


(b) Neutralized Ethyl Alcohol Solu- 
tion.—Prepare a solution of 1 part of 
95 per cent pure ethyl alcohol and 1 
part of distilled water. Bring the 
solution to the boiling point on a hot 
plate, remove and neutralize carefully 
with the aqueous potassium hydroxide, 
using phenolphthalein as the indicator. 
Do not use denatured alcohol. 

(c) Phenolphthalein Indicator.— Dis- 
solve 10 g. of the indicator in 1 liter of 


95 per cent pure ethyl alcohol. 
Apparatus 


4. The apparatus shall consist of the 
following: 

(a) Erlenmeyer Flask.—An_ Erlen- 
meyer flask of 250-ml. capacity, made of 
heat-resistant glass. 
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(b) Burette—A burette of any con- 
venient capacity (5 ml. or greater) 
graduated in 0.05 ml. 

(c) Balance.—A platform balance ac- 
curate to at least 0.1 g. 

(d) Hot Plate.—A hot plate capable 
of heating samples from room tempera- 
ture to boiling within 5 min. 

Procedure 

5. (a) Weigh 20 + 0.1 g. of a repre- 
sentative sample into an Erlenmeyer 
flask. Add 100 ml. of the neutralized 
ethyl alcohol solution, and 1 ml. of the 
phenolphthalein indicator. Agitate the 
mixture by vigorous swirling in the un- 
stoppered flask, place on the hot plate, 
and heat to boiling. Agitate by swirling 
during the heating process at 30-sec. 
intervals or more frequently, if neces- 
sary, to prevent bumping. When boil- 
ing, agitate the mixture by vigorous 
swirling for a period of 1 min. Then 
introduce 0.1 ml. of the KOH solution, 
agitate by vigorous swirling for 5 sec. 
(or longer if necessary to obtain thor- 
ough mixing as indicated by the absence 
of red streaks in the alcohol layer) 
and let the flask stand until the oil and 
alcohol have separated sufficiently to 
permit a clear observation of the color 
of the alcohol layer. The color of this 
layer may best be observed by raising 
the flask and tipping at an angle. For 
satisfactory observations, good daylight 
or a daylight lamp should be employed. 
Do not allow the flask to stand between 
agitation and the next addition of alkali 
longer than is required for observation 
of the alcohol layer. If this layer is not 
pink, continue the titration as rapidly 
as possible by the addition of 0.1-ml. por- 
tions of the alkali, agitating and settling 
as described above until a pink color is 
observed. Then reheat the mixture to 
boiling, and agitate by swirling for an 
additional 1 min. If the color persists, 
the total amount of alkali added repre- 
sents the amount required to neutralize 


whe 


the acid contained in 20 g. of the oil. 
If the color disappears, add alkali in 
0.1-ml. portions, agitating for 5 sec., 
reheating to boiling, and agitating for 
30 sec. after each addition, until, on 
settling, a faint pink color is observed. 
It is important to make a careful ob- 
servation of any color change in the 
alcohol layer as the faint pink color may 
be masked by color from oil dissolved 
in the alcohol. In all cases, carry the 
titration a little beyond the first pink 
coloration to ascertain whether the true 
end point has been reached. If the 
addition of a small amount of alkali 
increases the intensity of the pink color, 
the point at which the color change was 
observed represents the end point and 
the quantity of alkali added to the 
solution to bring about this first change 
or faint pink color shall be recorded as 
the number of milliliters of alkali re- 
quired to neutralize 20 g. of the oil. 
(b) Calculation.—Calculate the neu- 
tralization number of the oil as follows: 


Neutralization number 


_ ml. of KOH used X KOH per ml. of solution 
wt. of oil 


rere: 


Precautions 


6. Because of the difficulties in ob- 
taining reproducible results on neutrali- 
zation numbers of used aviation oils 
when determinations are made by differ- 
ent laboratories, close attention to de- 
tails is required, particularly the follow- 
ing: 
(a) Adhere exactly to the time periods 
specified for agitation, using a stop 
watch. 

(b) Be sure that the mixture is ac 
tually boiling when boiling is specified. 

(c) Swirl as vigorously as possible 
without spilling the liquid. The periods 
of time of agitation specified are based 
on vigorous swirling and the results may 
be affected if gentle swirling is used. 
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(d) Take a faint pink color as the end 
point, the depth of this color to be as 
nearly comparable as possible with the 
faint pink color customarily taken as 
the end point in quantitative titrations 


of acids and bases. ~~ 


(e) Allow sufficient time in the last 
portion of the titration for separation 
of the oil and alcohol layers to insure 
that the oil particles in the alcohol layer 


are not preventing the observation of 
the color change. 
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APPENDIX II 


PROPOSED SPECIFICATIONS FOR AVIATION GASOLINE! 


‘These are proposed specifications and are published as information only. Comments 


are solicited and should be addressed to the Society, 260 S. Broad St 


At the request of the Air Transport Asso- 
ciation of America, the Survey Division of the 
Cooperative Fuel Research Committee in 1938 
made a study of the.score or more of the then 
existing aviation gasoline specifications. This 
group, representing the leading air line oper- 
ators, engine manufacturers, and petroleum 
refiners, reached agreement on five specifications 
which it believed would meet adequately the 
requirements of present-day engines. ‘The sub- 
ject was then referred to the American Society 
for Testing Materials. When there was ques- 
tion as to the relative merits of any item of 
specification, the limits retained were invariably 
in accord with current practice. In a number 
of cases no reliable data are available at this 
time to define the appropriate limits for satis- 
factory operation and investigations are now 
in progress to obtain such data. At present 
these specifications are restrictive of potentially 
suitable fuels which can be included, provided 
volatility limits can be expanded and other 
controversial restrictions eased or eliminated as 
a result of research now in progress. 

Particular attention is called to Notes 1, 2, 3, 
and 4 relating to requirements for tetraethyl 
lead content, volatility, gum, and acid heat 
which are the principal controversial items. 


Scope 


1. (a) These specifications are for the 
use of purchasing agencies in formulating 
specifications for purchases of aviation 
gasoline under contract. 

(6) These specifications are not a 
definition of aviation gasoline, nor do 
they include all types of fuel satisfactory 


1 Under the standardization procedure of the Society, 
these pr “am specificaiions are under the jurisdiction of 
the A.S. . Committee D-2 on Petroleum Products 
and Lubricants. 


., Philadelphia, Pa. 


for spark-ignition aviation 
may require fuels having special char- 
acteristics. 


Grades 
2. Five grades of aviation gasoline are 
provided, varying chiefly as to octane 
number. The grades are designated by 
their respective A.S.T.M. octane num- 
bers as follows: 
Grade 73 
Grade 80 
Grade 87 
Grade 90 
Grade 95 
General 
3. These specifications state the r 
quired properties of gasoline at the time 
and place of delivery in bulk. 


Detailed Requirements 


4. The five grades of aviation gasoline 
shall conform to the requirements pre- 
scribed in Table I. 


Methods of Testing 


5. The properties enumerated in Table 
I shall be determined in ‘accordance 
with the following methods of testing: 

(a) Octane Number.— Standard Meth- 
od of Test for Knock Characteristics of 
Motor Fuels (A.S.T.M. Designation: 
D 357). 


2 1939 Book of A.S.T.M. Standards, Part III, p. 179 
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‘TABLE FOR AVIATION 
GASOLINE 


Grade (Grade|Grade|Grade 


Octane number, 


ciame 73 80 87 90 95 
yl 
er ga 
, none 2.0 | 3.0 | 4.0 4.0 
...... 
NS ices aes not darker | blue | blue | blue | blue 
than +21 
Requirements for All Grades 
Distillation temperature, max., deg. 
ahr. (Note 2): 
per cent evaporated............ 158 
50 per cent evaporated............ 212 
90 per cent evaporated............ 257° 
Sum of 10 and SO per cent “— 

rated temperatures, min ; 

Distillation recovery, min., per cent. 97 
Distillation residue, max., per cent. . BY 
Distillation loss, max., per cent...... 1.5 
Acidity of distillation residue........ neutral 
Vapor pressure, max., PSi............ 7.0 
Corrosion: 

no gray or black 
discoloration 
Copper dish. no gray or black 
discoloration; 
residue on evap- 
oration of 100 
ml. not to ex- 
a ceed 5 mg. 
Gum, accelerated, max., mg. per 100 

ml, (Note 3 6 
Seller, POT CONE... 0.10 
Freezing point, max., deg. Fahr...... —76 
volume change not 

to exceed +2 ml. 
Acid heat, max., deg. Fahr. (Note 4) 15 
Calorific value (higher), min., B.t.u. 
per lb. (optional requirement)... 19 740 


Nore 1: Tetraethyl Lead.—It will be noted 
that a minimum lead content is specified for the 
9) and 95 grades. This minimum of 3.5 ml. 
per gal. was included because investigations by 
the Aviation Fuels Division of the Cooperative 
Fuel Research Committee? indicate that a mini- 
mum content of tetraethyl lead provides greater 
freedom from detonation in a full-scale engine 
than does a gasoline of lower tetraethyl lead 
content, but the same A.S.T.M. octane number. 
In other words, in the absence of an adequate 

iboratory knock-test method it is considered 
essary that A.S.T.M. octane numbers should 
ualified in accordance with the lead content 
the gasoline in the 90 to95 range. At present 
nvestigations are under way to develop a knock 
test for aviation gasoline which will correlate 
ith full-scale engine operation without quali- 
lying statements as to composition. 
_ Note 2: Volatility ——The Cooperative Fuel 
‘esearch Committee has organized a series of 


Rating Aviation Fuels in Full-Scale Aircraft Engines, 
ort of Cooperative Fuel Research Committee, H. K. 
nmin . Journal, Soc. Automotive Engrs., December, 
8, Vol. 43, No. 6, pp. 497 to 503. 
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research projects to study the subject of avi- 
ation-gasoline volatility requirements with the 
object of determining: (a) those factors which 
dictate engine performance as affected by fuel 
volatility, and (6) the quantitative limits to be 
assigned to these factors throughout the dis- 
tillation range. These findings, which may 
indicate the desirability of changes, will be 
reported to the Society. 

Note 3: Acid Heat.—The object of including 
the maximum acid-heat requirement is to elimi- 
nate certain possible types of fuels which would 
meet other items of the specifications but might 
still be unsatisfactory in service from the stand- 
point of those difficulties in operation usually 
attributable to gum. Acid heat is recognized 
as being a quite indirect method of evaluation 
and a composition-limiting item. It is further 
realized that while it eliminates certain un- 
desirable fuels it may also eliminate fuels which 
would be satisfactory. This subject is being 
studied by the Society in the hope that a more 
direct method of solving this problem may be 
obtained. 

Note 4: Gum.—The accelerated gum test, 
as described, does not provide for a bomb of 
specific design and dimensions. This is a short- 
coming, since these factors affect the heat 
transfer through the bomb and influence the 
results which will be obtained. The Tentative 
Method of Test for Gum Stability of Gasoline 
(A.S.T.M. Designation: D 525) of the American 
Society for Testing Materials‘ is intended pri- 
marily for automobile gasoline, but the Society 
will undertake an investigation of the appli- 
cability of this method and apparatus to aviation 
gasolines making such changes in technique as 
may be indicated. The method and require- 
ment for gum stability prescribed in these 
specifications should therefore be considered 
only as a temporary expedient. 


(b) Tetraethyl Lead.—Tentative Meth- 
od of Test for Tetraethyl Lead in Gas- 
oline (A.S.T.M. Designation: D 526).° 

(c) Color..-Standard Method of Test 
for Color of Refined Petroleum Oil by 
Means of Saybolt Chromometer 
(A.S.T.M. Designation: D 156).° 

(d) Distillation Standard Method of 
Test for Distillation of Gasoline, Naph- 
tha, Kerosine, and Similar Petroleum 
Products (A.S.T.M. Designation: D 86).” 


41939 A.S.T.M. Standards, Part III, p. 611. 


5 Jbid., 


Ibid. 
7 [bid., p. 117. 
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(e) Acidity of Residue.—F.S.B. Meth- 
od No. 510.2 as described in the Federal 
Specifications for Lubricants and Fuels; 
General Specifications (Methods for 
Sampling and Testing) (VV-L-791a). 

(f) Vapor  Pressure.—Tentative 
Method of Test for Vapor Pressure of 
Petroleum Products (Reid Method) 
(A.S.T.M. Designation: D 323).* 

(g) Corrosion: 

Copper Strip.—Standard Method of 
Test for Detection of Free Sulfur and 
Corrosive Sulfur Compounds in Gasoline 
(A.S.T.M. Designation: D 130).° 

Copper Disu.—F.S.B. Method No. 
530.11 as described in the Federal Spec- 
ifications for Lubricants and Fuels; 
General Specifications (Methods for 
Sampling and Testing) (VV-L-791a). 

(h) Gum (Accelerated Aging Test 
with Oxygen).—Immerse sufficient, clean 
steel, (S.A.E. No. 1020) tubing { in. 
in diameter (strips twisted into a spiral 
so that flat contact is avoided may be 
used) to furnish 35 sq. in. of exposed 
surface in 200 ml. of the finished gasoline 
in an 8-oz. oil sample bottle. Cover the 
bottle loosely to prevent the ingress of 
foreign matter and place in a dry bomb 
with the bomb and contents at room 
temperature. Fill the bomb with oxy- 
gen to a pressure of 95 to 100 psi., then 
allow the oxygen to escape to flush out 
air. Repeat the operation. Charge the 
bomb with oxygen to a pressure of 95 to 
100 psi. for a third time, close the charg- 
ing valve and disconnect the bomb from 
the oxygen charging line. Immerse the 
bomb and contents for 5 hr. in a steam 
or water bath heated to 208 to 212 F. 
(97.8 to 100 C.). At the completion of 
the 5-hr. period, remove the bomb and 
cool rapidly with water. Release the 
pressure gradually, remove the bottle 


9 [bid., p. 206. 


8 1939 Book of A.S.T.M. Standards, Part III, p. 637. 
10 [bid., p. 626. 
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and pour out the contents. To remove 
any insoluble gum, wash the bottle twice 
with 20 ml. of a mixture of equal parts 
of acetone and benzene of laboratory 
reagent grade. Add these washings to 
the oxidized sample, shake and filter the 
mixture. Evaporate one-half of the 
oxidized sample and washings to dryness 
on a steam bath in accordance with the 
procedure for corrosion (copper dish) 
referred to in Paragraph (g), except that 
a weighed glass dish shall be used. 
Place the dish in an electric air oven 
maintained at 230 + 9 F. (110 + 5C.). 
After 2 hr. in the oven, place the dish in 
a desiccator containing anhydrous cal- 
cium chloride, cool to room temperature, 
and weigh. The difference between the 
original and final weights of the dish is 
the weight of the gum content. Ex- 
press as milligrams per 100 ml. 

If the amount of residue exceeds 6 mg. 
and the fuel contains tetraethyl lead, 
the residue may be analyzed for lead 
compounds. If lead compounds are 
found, the weight of lead chromate 
(PbCrO;) multiplied by 0.80, or the 
weight of the lead sulfate (PbSO,) 
multiplied by 0.85 may be deducted 
from the total weight of the residue. 


Norte: Caution.—Avoid exposing the sample 
to daylight prior to and during this test. At 
the end of the test no visible precipitate shall be 
present in the test bottle. 


(i) Sulfur—Tentative Method of 
Test for Sulfur in Petroleum Oils by 
Lamp Method (A.S.T.M. Designation: 
D 90)."° 

(j) Freezing Point.—F.S.B. Method 
No. 141.1 of the Federal Specification for 
Lubricants and Liquid Fuels; General 
Specifications (Methods of Sampling 
and Testing) (VV-L-791a). 

(k) Water Tolerance-—Shake vigot- 
ously for at least 2 min. 80 ml. of the 
finished gasoline in a glass-stoppered 
graduate with 20 ml. of distilled water 
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at room temperature. On settling after 
shaking, the volume of the aqueous layer 
shall not have increased or decreased 
by more than 2 ml, 

(1) Acid Heat.—Standard Method of 
Test for Acid Heat of Gasoline (A.S.T.M 
Designation: D 481)." 

(m) Calorific Value ( Lower).—Deter- 
mine the heat of combustion (higher or 
gross value) in an oxygen-bomb calo- 
rimeter or in a properly standardized 
calorimeter of the Junkers type and 
make suitable correction for the latent 
heat of vaporization of water formed 
during the combustion of the fuel to 
obtain the heat of combustion (lower or 
net value). For referee tests, use an 
oxygen-bomb calorimeter and the pro- 
cedure described in the Standard Method 
of Test for Thermal Value of Fuel Oil 
(A.S.T.M. Designation: D 240) of the 
American Society for Testing Materials” 
modified for volatile fuel as follows: 

PREPARATION OF SAMPLE AND Bos. 
—Fill a dry, weighed, gelatin capsule of 
suitable size with dry cotton fiber, weigh 
the capsule again and record the weight 
of gelatin and cotton. Fill the capsule 
by immersing it in the fuel and closing 
it under the surface. Dry the outside 
of the capsule, weigh the capsule im- 


1 1939 Book of A.S.T.M. Standards, Part III, p. 83. 
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mediately, and record the weight of the 
fuel. Wrap the ignition wire around 
the capsule three or four times and 
place the capsule immediately in the 
bomb. 

PRocepuRE.—Fill the bomb with 
oxygen at 30 atmospheres. Repeat the 
test, if traces of sooty deposit or odor of 
unburned fuel are noticed when the 
bomb is opened after combustion. De- 
duct the heat of combustion of the 
gelatin and cotton from the total heat 


developed. 
CALCULATION OF LOWER oR NET 
HEAT VALUE.—Any suitable method 


may be used for determining the water 
formed during the combustion for cor- 
recting the heat of combustion for the 
latent heat of vaporization of the water. 
However, for any referee tests use the 
method described in the paper on 
“Determination of Carbon and Hydro- 
gen in Gasoline and Other Volatile 
Liquids,” to determine the weight of 
water formed by combustion of each 
pound of fuel. The heat of combustion 
(lower or net value) per pound of fuel 
shall be considered as equal to the heat 
of combustion (higher or gross value) 
minus the weight, in pounds, of water 
per pound of fuel multiplied by 1050. 


13H. Levin and C. Uhrig, Industrial and Engineering 
Chemistry, Analytical Edition, Vol. 9, 326 (1937). 
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~REPORT OF SECTIO 
ON 


Sectional Committee Z11 on Petro- 
leum Products and Lubricants held one 
meeting during the year: in Atlantic 
City, N. J., on June 30, 1938. 

Progress is being made in the prepara- 
tion of the several sections of the sum- 
mary of work in the field of petroleum 
products and it is expected that the 
publication of the complete summary can 
proceed shortly. The publication, to 
be entitled “Evaluation of Petroleum 
Products,” will comprise the following 
papers: 


“Lubricating Oils,” by J. C. Geniesse, At- 
lantic Refining Co., 

“Petroleum Lubricating Greases,’”’ by M. B. 
Chittick, The Pure Oil Co., 

“Gasoline,” by T. A. Boyd, General Motors 
Corp., 

“Diesel Fuels,” by T. B. Rendel, formerly 
Shell Oil Co., 

“Fuel Oils (Other than Diesel),” by H. V. 
Hume, Atlantic Refining Co., and 

“The Status of Research on Fuels and Lubri- 
cating Oils for Spark Ignition Aircraft Engines,” 
by S. D. Heron, Ethyl Gasoline Corp. 


A change in the scope of the committee 
has been approved by letter ballot vote. 
The modified scope represents a more 
exact statement of the activities in- 
tended to be covered by the committee: 


Scope.—The scope of the activities of the 
sectional committee shall include specifications, 
methods of test, and nomenclature relating to 
crude petroleum and_ petroleum products 
(products derived in whole or in large part from 
petroleum) other than asphalts, road oils, paint 
thinners, and electrical insulating materials. 


The Study Committee on Boundary 
Lubrication (J. C. Geniesse, chairman) 


PETROLEUM PRODUCTS AND LUBRICANTS 
ASA Project: Z11 


NAL COMMITTEE 


prepared a set of definitions of terms and 


concepts used in lubrication which are 
now before the sectional committee for 
comment and criticism. 

The question of preparing specifica- 
tions for gasoline for use in heavy-duty 
commercial vehicles, which has _ been 
assigned to Section V of Technical 
Committee A on Gasoline (A.S.T.M. 
Committee D-2), is being held in abey- 
ance awaiting necessary basic informa- 
tion to be supplied by the interested 
members of the American Transit Asso- 
ciation. 

In line with its function as a review- 
ing body, the sectional committee has 
taken action during the year on five 
A.S.T.M. methods for reference to the 
American Standards Association for 
approval either as American standard 
or American tentative standard. At 
its meeting held during this annual 
meeting, on the recommendation of 
A.S.T.M. Committee D-2, action was 
taken to refer nine methods to the 
A.S.A. subject to letter ballot vote of the 
sectional committee. ‘The recommenda- 
tion concerning these standards wil 
be submitted to Committee E-10 on 
Standards for approval. 


Respectfully submitted on behalf o! 
the sectional committee, 
T. A. Bovp, 
Chairman. 
R. E. HEss, 
Secretary. 
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OF COMMITTEE D-3 


GASEOUS 


Committee D-3 on Gaseous Fuels 
held one meeting in 1938: in Atlantic 
City, N. J., on October 10. Two of the 
subcommittees met in Columbus, Ohio, 
in March, 1939, and other subcom- 
mittees met either in October, 1938, or 
at other times during the year. 

While no tentative standards are 
available at present, active work is 
being continued on experimental com- 
parisons of methods as shown in the 
following brief reports of the activities 
of the subcommittees: 

Subcommittee I on Collection of Gaseous 
Samples (S. S. Tomkins, chairman).— 
Individual methods of sampling manu- 
factured, natural, and liquefied petro- 
leum gases are in process of preparation, 
and studies are being continued of 
sampling fundamentals. 

Subcommittee II on Measurement of 
Gaseous Samples (H. S. Bean, chair- 
man).-Work has been continued at the 
National Bureau of Standards during 
he year in the testing of small wet gas 

eters under various conditions of 

eration and at various rates. ‘Tests 
ive been made by one of the coop- 
rating meter manufacturers to deter- 
ne the gas and _ sealing-water 
peratures in a wet meter as com- 
ed with room temperature for the 
irpose of deciding the best ther- 
meter location for determining the 
etered gas temperature. 

A paper has been prepared for 

resentation at the annual meeting 
iscussing the experimental work on 


FUELS 


laboratory test meters during 
two years.! 

Subcommittee III on Determination of 
Calorific Value of Gaseous Fuels (R. 
B. Harper, chairman).—A proposed 
standard method for the routine deter- 
mination of the calorific value of gaseous 
fuels by means of the water-flow calo- 
rimeter was prepared and submitted to 
subcommittee members for review and 
criticism. Investigational work is now 
in progress by certain of the members 
regarding the suitability of the ‘“humid- 
ity control” principle as an alternate 
means of dealing with heat loses. If 
the results justify its use, this method 
will be incorporated with the “humidity 
correction” method as a part of the 
proposed standard method for routine 
determinations of the calorific value of 
gaseous fuels. 

Subcommittee IV on Determination of 
Specific Gravity and Density of Gaseous 
Fuels (FE. F. Schmidt, chairman). 
Investigation of various types of equip- 
ment in common use for specific gravity 
determination by the National Bureau of 
Standards has been the principal activity 
of this group for the past year. Twelve 
samples of such types of equipment have 
been submitted by manufacturers, and 
tests on them are now under way. It 
is proposed to devote the principal 
portion of the test work to gases having 
a range of specific gravities between 


the last 


1 “Recent Experiments on Laboratory Wet Gas 
Meters,’ by Howard S. Bean and F. Charles Morey, see 
p. 1171. 
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0.32 and 0.72, the normal range for 
city gas. Numerous observations will 
be made on each instrument using 
various gases to secure data upon which 
to base the relative accuracy of the 
different types examined. 
Subcommittee V on Determination of 
Impurities of Gaseous Fuels (E. F. 
Pohlmann, chairman).—-A revised test 
method for the determination of the 
total sulfur in gaseous fuels by the refe- 
rees’ apparatus was submitted to sub- 
committee members for review. Tests 
are planned using different gases and 
rates to determine whether the burner 
as now designed will give satisfactory 
results under all conditions. 

Methods covering the determination 
of organic sulfur in gaseous fuels by the 
catalytic hydrolysis method and for 
total sulfur in liquefied petroleum gases 
have been submitted to the committee 
members for their comment and criti- 
cism. A paper on the former method 
has been prepared for presentation at 
the annual meeting.? Studies are now 
in progress under the direction of sub- 
groups covering the preparation of 
methods for the determination of im- 
purities other than sulfur. 

Subcommittee VI on Determination of 
Water Vapor Content of Gaseous Fuels 
(A. W. Gauger, chairman).—Study of the 
thermal conductivity method for the 
determination of water vapor was com- 
pleted during the year. This method 
was not considered satisfactory either 
for field or precision work. A study has 
been initiated on two other methods. 


2?“The Determination of Organic Sulfur in Gases 
by the Catalytic Hydrolysis Method,” by Lawrence T. 
Jilk, see p. 1159. 
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One involves measurement of color 
changes in solutions of cobalt salts in 
organic solvents upon addition of water; 
it should be completed within a year, 
The second involves radiation changes 
in the infra-red under the influence of 
water vapor. This appears to offer 
promise for precision work. 

A paper on the “Determination of 
Water Vapor in Gaseous Fuels,” by 
A. W. Gauger, F. C. Todd, and C. C. 
Haworth was presented at the Produc- 
tion and Chemical Conference of the 
American Gas Association in Rochester, 
N. Y., on May 24, 1939. 

Subcommittee VII on Complete Anal- 
ysis or Chemical Composition of Gaseous 
Fuels (Martin Shepherd, chairman).— 
Arrangements were made with a nun- 
ber of laboratories to conduct analyses 
of gaseous samples to be prepared by the 
National Bureau of Standards and 
supplied in standard containers. These 
will consist of carburetted water gas 
ranging from 500 to 600 B.t.u. per 
cu. ft., and natural gas ranging from 
1100 to 1150 B.t.u. per cu. ft. Com- 
parison of the various analyses obtained 
on identical samples will then be made. 


This report has been submitted to 
letter ballot of the committee which 
consists of 32 members; 31 members 
returned their ballots, of whom 2) 
have voted affirmatively and 0 nega- 
tively. 


Respectifully submitted on behalf of 
the committee, 
A. C. FIeLDNER, 
‘hairman. 
R. M. Conner, 
Secretary. 


q 


critic 
mero 
ards 

years 
migh 
prop 
recor 
lo 
meth 
vere 

nfor 
their 

the ¢ 


a 
= 
C 
Mat 
the 
19, 
Mar 
pers 
were 
incre 
4 their 
inter 
De 
temy 
new 
but | 
now 
great 
Cc 
| 
Stan 
tions 
and 
Meth 
\ggre 
| 


‘olor 
in 
ater; 
ear, 
nges 
e of 


in).— 
num- 
alyses 
yy the 

and 
These 
gas 
per 
from 
Com- 
tained 
made. 


ted to 
which 
embers 
ym 2i 
nega- 


half of 


NER, 
irman. 


ON 


OF COMMITTEE D-4 


ROAD AND PAVING MATERIALS 


Committee D-4 on Road and Paving 
Materials has held two meetings during 
the past year: in Atlantic City on June 
9, 1938, and in Columbus, Ohio, on 
March 9, 1939. During the year, the 
personnels of its many subcommittees 
were completely revamped in order to 
increase their activity and to assure 
their being composed of members most 
interested in the individual projects to 
be covered. This necessarily caused a 
temporary delay in the development of 
new specifications and methods of test 
ut it is believed that the committee is 
low organized to proceed with much 
greater efficiency than before. 

Considerable time was devoted to a 
ritical review of the committee’s nu- 
merous standards and tentative stand- 
ds that have stood for a number of 
years without revision so that they 
night be brought up to date and their 

roper status determined. All of the 
recommendations in this report have to 

with existing specifications and 
ethods of test, although four new ones 
ere developed which are published as 
nformation, as indicated below, pending 
heir later submission to letter ballot of 
the committee. 

Subsequent to the 1938 annual meet- 

; Committee D-4 presented to the 
society through Committee E-10 on 
‘tandards proposed Tentative Specifica- 
tons for Asphalt Plank (D 517 - 38 T), 
and a proposed revision of the Tentative 

lethod of Test for Abrasion of Coarse 

Aggregate by Use of the Los Angeles 


421 


Machine (C 131-377), the latter in 
conjunction with Committee C-9 on 
Concrete and Concrete Aggregates. 
These recommendations were accepted! 
for publication on August 25, 1938, and 
appear in the 1938 Proceedings. 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee B-9 on Size of Aggre- 
gates (E. F. Kelley, chairman).—As a 
result of cooperative tests by twelve 
laboratories, this subcommittee has de- 
veloped a Proposed Method of Test for 
Sieve Analysis of Mineral Filler.’ Its 
work was not completed in time for 
Committee D-4 to submit the method 
at this annual meeting but it has been 
referred to letter ballot of the committee 
for presentation to the Society later in the 
year through Committee E-10 on Stand- 
ards since the test is referred to in certain 
revisions of standards recommended in 
this report. The results of the coopera- 
tive tests are given in the report ap- 
pended hereto. 

Subcommittee C-4 on Emulsified As- 
phalts (J. E. Myers, chairman).—This 
subcommittee has recently prepared 
Proposed Specifications for Emulsion for 
Use in Densely Graded Cold Asphaltic 


1In submitting these recommendations to Committee 
E-10 on Standards, Committee D-4 reported the following 
results of the letter ballot vote of a total of 79 ballots 
returned from a committee membership of 113: D 517 - 
38 T, affirmative 69, negative 0, ballots marked ‘“‘not 
voting’”’ 8, ballots unmarked, 2; C 131 - 38 T, affirmative 
74, negative 0, ballots marked “‘not voting”’ 5. 

2 Proceedings, Am. Soc. Testing Mats., Vol. 38, Part I, 
pp. 916, 803 (1938); also 1938 Book of A.S.T.M. Tentative 
Standards, pp. 880, 629. 

* See Editorial Note, p. 428. 
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Mixes. Satisfactory specifications for 
an emulsion suitable for such use are in 
great demand and Committee D-4 re- 
grets that it is not prepared at this time 
to recommend the specifications to the 
Society for publication as tentative. 
However, it feels that the specifications 
prepared by Subcommittee C-4 may 
serve as a working basis for any new 
standard and they are accordingly pub- 
lished as information. Attention is 
directed to the fact that these specifica- 
tions embody two methods of test not 
yet standardized by the Society and toa 
modification of one.of its present tenta- 
“ee methods of test. 

Subcommittee D-3 on Expansion Joint 
Materials (H. M. Milburn, chairman). 
For a number of years this subcommittee 
has been actively engaged in obtaining 
information which would serve as a 
reliable basis for recommending Spec- 
ifications and for Methods of Testing 
Preformed Expansion Joint Filler for 
Concrete. Proposed specifications and 
methods of testing have now been pre- 
pared and referred to letter ballot of 
Committee D-4 for presentation to the 
Society later in the year through Com- 
mittee E-10 on Standards.® 


I. Revisions or TENTATIVE STANDARDS 

The committee recommends that the 
following three tentative specifications 
be revised as indicated below and con- 
tinued as tentative: 


Tentative Specifications for Crushed Stone for 
Bituminous Macadam Base and Surface 
Courses (D 192 — 38 T)® 


4 Committee D-4 reconsidered this recommendation at 
a meeting held during the annual meeting of the Society 
and decided to refer the publication as information of the 
specifications and methods of test involved to a further 
letter ballot of the committee accompanied by statements 
concerning them, the results to be referred to the Execu- 
tive Committee of the Society. In the light of this subse- 
quent letter ballot the Executive Committee authorized 
the publication of the methods in the ASTM Buttetin, 
No. 101, December, 1939, p. 34, but withheld the specifi- 
cations from publication.—Ep. 

5 See Editorial Note, p. 428. 

* Proceedings, Am. Soc. Testing Mats., Vol. 38, Part I, 
p. 933 (1938); also 1938 Book of A.S.T.M. Tentative 
Standards, p. 922. 
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Section 4._-In the table of crushed stone 
sizes, opposite “stone chips for seal coat” 
add the alternate size “4A” under group A, 
and the alternate size “5B” under group B. 

Table I1.—In the table of requirements 
for sieve analysis of group B sizes, add the 
following new requirements in their ap- 
propriate columns: 


Size Number. 

Nominal Size, Square Openings ......... No. 4 to % in. 
Amounts finer than each sieve (square 

openings), per cent by weight: 


% in.. 
No. 4.. 0 to 20 
No. & 0 to 5 


Tentative Specifications for Crushed Slag for 
Bituminous Macadam Base and Surface 
Courses (D 487-38 T),’ to be revised 
exactly in accordance with the preceding 
recommendation for Specifications 
D 192- 38 T. 

Tentative Specifications for Crushed Stone 
for Bituminous Concrete Base and Surface 
Courses (D 486 — 38 T) 38 
Section 3.—In the table of physical prop- 

erties, change the requirements for wear 

to read as follows by the addition of the 
italicized words: 

Stonefor Usein Stone for Use 

Base Courses — in Surface and 

Binder Courses 


Wear*® 


(Deval Method) not more than not more than 


’ 7 per cent 6 per cent 
(Los Angeles Machine) not more than not more than 
50 per cent 40 per cent 


* Under these specifications it is expected that the engi- 
neer will designate one of these two methods and sets of tes! 
limits to be used on the project under consideration. 


Section 6 (b)..-Change to read as follows 
by the addition of the italicized words: 

Wear.—Either the Standard Method of 
Test for Abrasion of Rock by Use of the 
Deval Machine (A.S.T.M. Designation: 
D 2) or Tentative Method of Test for Abra 
sion of Coarse Aggregate by Use of the Los 
Angeles Machine (A.S.T.M. Designation: 
C 131), as may be required in accordance 
with Section 3 of these specifications. 


7 Proceedings, Am. Soc. Testing Mats., Vol. 38, Part I 
p. 930 (1938); also 1938 Book of A.S.T.M. Tentative 
Standards, p. 919. I 

8 Proceedings, Am. Soc. Testing Mats., Vol. 38, Part > 
p. 927 (1938); also 1938 Book of A.S.T.M. Tentativ 
Standards, p. 916. 
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The committee also recommends that 
the following editorial changes be made 
in the two following tentative specifi- 
cations : 


Tentative Specifications for Asphalt Plank 
(D 517 38 T):° 


Section 1.—Add a note to this section to 
read as follows: 

Nore. —Plain asphalt plank conforming 
to these specifications are also suitable for 
waterproofing protection where a solid 
bridge floor carries ballasted railroad track. 

Section 2.-Change to read as follows by 
the addition of the italicized words and the 
omission of the words in brackets: 

2. Asphalt plank shall be formed by the 
extrusion of a mixture of asphalt, fiber, and 
mineral aggregate [formed by extrusion] 
under sufficient pressure to expel the en- 
trapped air and form a dense mass. 


Tentative Specifications for Emulsified As- 
phalt ((Quick Setting) for Penetration and 
Surface Treatment) (D 401 — 36 T): 


Section 3._-Change the last sentence to 
rad as follows by the addition of the 
talicized material and the omission of that 
n brackets: 

Prior to any shipments being made on 
projects requiring 20,000 gal. or more {The| 
isample shall be taken under the super- 

mn of the purchaser, from [factory storage 
taining] a lot of not less than 20,000 gal. 
the emulsified asphalt and shall be kept 

a clean airtight sealed [glass or black 

| container at a temperature of not less 
14C. (40 F.) until tested. 


rhe committee has in addition com- 
etely revised the Tentative Specifi- 
itions for Asphalt Filler for Brick 
ravements (Blown Type) (D 241 — 26 T) 

ch revision has been submitted to 
ter ballot of the committee for presen- 
tion to the Society later in the year 
through Committee E-10 on Standards.® 


Proceedings, Am. Soc. Testing Mats., Vol. 38, Part I, 
16 (1938); also 1938 Book of A.S.T.M. Tentative 
Mdards, p. 880. 

Proceedings, Am. Soc. Testing Mats., Vol. 36, Part I, 
“ (1936); also 1938 Book of A.S.T.M. Standards, 


II. ADOPTION OF TENTATIVE STANDARDS 
AS STANDARD 


Committee D-4 wishes to record its 
approval of the recommendation of Com- 
mittee C-9 on Concrete and Concrete 
Aggregates that the Tentative Method 
of Test for Sieve Analysis of Fine and 
Coarse Aggregates (C 136-38 T)" be 
adopted as standard. This method of 
test is under the joint jurisdiction of the 
two committees. 

The committee also recommends that 
the following ten tentative standards, 
with revisions in eight, as indicated be- 
low, be approved for reference to letter 
ballot of the Society for adoption as 
standard: 


Tentative Method of ‘Test for Specific Grav- 
ity and Absorption of Coarse Aggregate 
(C 127 - 36 T),” 

Tentative Method of Test for Specific 
Gravity and Absorption of Fine Aggre- 
gate (C 128 36 T)” 

Tentative Method of Test for Abrasion of 
Coarse Aggregate by Use of the Los 
Angeles Machine (C 131 38 
Section 2.—Change the sixth sentence to 

read as follows by the addition of the 

italicized words: 

The cover shall be so designed as to 
maintain the cylindrical contour of the 
interior surface unless the shelf is so located 
that the charge will not fall on the cover, or 
come in contact with it during the test. 

Section 3 (b).-Change the Note to this 
section from its present form: namely, 

Note..—-The limiting weight for each 
cast-iron or steel sphere permits the use of a 
charge consisting of a mixture of steel balls 
1z in. and 13% in. in diameter. When 
steel spheres heavier than the prescribed 
weights are obtained, it is suggested that 
they be reduced in size by grinding. Cast- 
iron spheres, uniform in size, meeting these 
specifications are readily available. 

11 Proceedings, Am. Soc. Testing Mats., Vol. 38, Part I, 
pp. 808, 803 (1938); also 1938 Book of A.S.T.M. Tenta- 
tive Standards, pp. 636, 629. 

12 Proceedings, Am. Soc. Testing Mats., Vol. 36, Part I, 


pp. 805, 808 (1936); also 1938 Book of A.S.T.M. Tentative 
Standards, pp. 651, 654. 
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toreadasfollows: 

Nore.—Steel spheres 133 in. in diameter 
and weighing 417 g. can be obtained from 
at least one manufacturer. If they are not 
readily available the next larger size (1j in.) 
may be ground to size. Cast-iron spheres, 
uniform in size, meeting these specifica- 
tions are available. 


_ Tentative Specifications for Mineral Filler 
for Sheet Asphalt and Bituminous Con- 

crete Pavements (D 242 — 26 T):* 

Section 3.—Change to read as follows by 
the addition of the italicized words and the 
omission of those in brackets: 

3. The mechanical analysis shall be deter- 
mined in accordance with the [Tentative 
Method of Test for Sieve Analysis of Fine 
and Coarse Aggregates (A.S.T.M. Desig- 
nation: C 136) of the American Society for 
Testing Materials, using only the No. 30, 
No. 80 and No. 200 sieves| Tentative Method 
of Test for Sieve Analysis of Mineral 
Filler (A.S.T.M. Designation: D 546) of 

the American Society for Testing Mate- 
rials. 


Tentative Methods of Testing Emulsified 

Asphalts (D 244 — 36 T) :"* 

Section 6 (f).—Change the second sen- 
tence to read as follows by the addition of 
the italicized words: 

The cover shall then be removed from 
the still and suitable portions of the residue 
shall be poured immediately through a No. 
50 sieve into suitable molds and containers 
for making the required tests. 

Delete the last sentence of the Note 
reading as follows: 

Should the residue then appear granular 
or heterogeneous, the test shall be rejected 
and the distillation repeated as previously 
described with the exception that the still 
temperature at 500 F. (260C.) shall be 
maintained for a longer time than 15 min. 
until the desired condition of the residue is 
obtained. 


13 Proceedings, Am. Soc. Testing Mats., Vol. 26, Part I, 
RB. 868 (1926); also 1938 Book of A.S.T.M. Tentative 
Standards, p. 931. 

4 Proceedings, Am. Soc. Testing Mats., Vol. 36, Part I, 
p. 880 (1936); also 1938 Book of A.S.T.M. Tentative 
Standards, p. 887. 


Tentative Specifications for Emulsified 
Asphalt (for Coarse Aggregate Plant 
Mixes) (D 397 — 36 T):® 
Title.—Add the words “Medium Setting” 

before the word “Emulsified.” 

Section 1.Change to read as follows by 
the addition of the italicized words and the 
omission of those in brackets: 

1. These specifications cover a medium 
consistency emulsified asphalt for [coarse 
aggregate| plant mixes with coarse aggre- 
gate, substantially all of which is retained ona 
1-in. sieve and with practically no material 
passing a No. 200 (74-micron) sieve. 

Section 3.—Make the same _ editorial 
change as recommended. above in Section 3 
of Tentative Specifications D 401 — 36 T. 


Tentative Specifications for Emulsified 
Asphalt (for Retread and Coarse Ag- 
gregate Mixes) (D 398 — 36 T):* 
Title-—Add the words “‘Medium Setting” 

before the word “Emulsified.” 

Section 1.—Change to read as follows by 
the addition of the italicized words and the 
omission of those in brackets: 

1. These specifications cover a low con- 
sistency emulsified asphalt for retread [and 
coarse aggregate] mixes with coarse aggre- 
gate, substantially all of which is retained on 
a }-in. sieve and with practically no material 
passing a No. 200 (74-micron) sieve. 

Section 3.—Make the same editorial 
change as recommended above in Section 3 
of Tentative Specifications D 401 — 36 T. 


Tentative Specifications for Emulsified 
Asphalt (Heavy Premix--Summer Grade) 
(D 399 36 

Title.—Add the words ‘Medium Setting” 
before the word ‘‘Emulsified.” 

Section 1.—Change to read as follows by 
the addition of the italicized words and the 
omission of those in brackets: 

1. These specifications cover a high 
consistency heavy-premix grade of emulsified 
asphalt {heavy premix, summer grade) 


16 Proceedings, Am. Soc. Testing Mats., Vol. 36, Part, 
p. 860 (1936); also 1938 Book of A.S.T.M. Tentative 
Standards, p. 850. 

16 Proceedings, Am. Soc. Testing Mats., Vol. 36, Part}, 
p. 862 (1936); also 1938 Book of A.S.T.M. Tentative 
Standards, p. 852. I 

17 Proceedings, Am. Soc. Testing Mats., Vol. 36, Part 
p. 864 (1936); also 1938 Book of A.S.T.M. Tentative 
Standards, p. 854. 
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for plant mix or patching with coarse aggre- 
gale, substantially all of which is retained on 
a }-in. sieve and with practically no material 
passing a No. 200 (74-micron) sieve. 

Section ~Make the same _ editorial 
change as recommended above in Section 3 
of Tentative Specifications D 401 — 36 T. 


Tentative Recommended Practice for Bi- 
tuminous Paving Plant Inspection (D 290 


28 T):'8 

Section 9 (a).—Change to read as follows 
by the addition of the italicized words and 
the omission of those in brackets: 

9. (a) Daily control samples of asphalt 
cement and mixtures shall be selected and, 
at the end of the day’s work, forwarded to 
the laboratory [in a manner to arrive at 
the laboratory in the shortest possible time] 
without delay. 

Section 15 (b)._-Change the last sentence 

read as follows by the addition of the 
italicized words and the omission of those 
in brackets: 

Loss of fine [mineral matter through 
heating] material in the drying process shall 
be compensated for by the use of additional 
filler in proportioning. 

Section 20.—Change from its present 

mm: namely, 

20. Filler—A sample of the filler shall 

thoroughly dried, 50 g. accurately 
eighed, and the amount passing the No. 
20 sieve shall be determined in accordance 
th Sections 19 to 24, inclusive, of the 
standard Methods of Sampling and Testing 
Portland Cement (A.S.T.M. Designation: 

11) of the American Society for Testing 
laterials. If any appreciable amount of 

ler is retained on the No. 200 sieve, the 

echanical analysis of the coarser material 

ill be obtained in the same manner as in 

ting sand, see Section 19. 


read as follows: 


20. Filler-—Samples of the thoroughly 
ry filler shall be tested in accordance with 
¢ Tentative Method of Test for Sieve 


ig, aceedings, Am. Soc. Testing Mats., Vol. 28, Part I, 


also 1938 Book of A.S.T.M. Tentative 


"1939 Books A.S.T.M. Standards, Part IT. 


Analysis of Mineral Filler (A.S.T.M. Des- 
ignation: D 546) of the American Society 
for Testing Materials.’ 

Asphalt Plant Report.—In the table of 
gradings, first column, substitute “No. 4” 
for “4 in.,” and substitute “14 in.” for 
1} in.” wherever they appear. 
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III. Adoption as STANDARD 

OF TENTATIVE REVISION 

OF STANDARD 

The tentative revisions” of the fol- 
lowing standard method of test and 
three specifications are considered to be 
entirely satisfactory and the committee 
accordingly recommends that they be 
approved for reference to letter ballot 
of the Society for incorporation in the 
standards. 


Standard Method of Test for Ductility of 


Bituminous Materials (D 113 ~ 35) ,7# 
Standard Specifications for: 
Block for Granite Block Pavements 


(D 59 ~ 26) 2! 
Block for Recut Granite Block Pavements 
(D 131 — 23),?4 and: 


Block for Durax Granite Pavements 
(D 132 — 23)?! 


IV. REVERSION OF STANDARDS 
TO TENTATIVE 
Because of contemplated revisions, it 
is recommended that the following three 
standards” be reverted to tentative 
status: 


Standard Methods of: 

Sampling Stone, Slag, Gravel, Sand and 
Stone Block for Use as. Highway Materials, 
Including Some Material Survey Methods 
(D 75 — 22), 

Sampling Bituminous Materials (D 140 — 
25), and 

Test for Loss on Heating of Oil and 
Asphaltic Compounds (D 6 — 33). 


20 Proceedings, Am. Soc. Testing Mats., Vol. 38, Part I, 
yp. 1332, 1330, 1331 (1938); also 1938 Book of AS.T.M. 
Tentative Standards, pp. 1698, 1696, 1697. 

21 1936 Book of A.S.T.M. Standards, Part II, pp. 1058, 
1005, 1007, 1009. 

23 1936 Book of A.S.T.M. Standards, Part II, pp. 1092, 
1088, 1071. 

23 See Editorial Note, p. 428. 
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V. WITHDRAWAL OF TENTATIVE 
STANDARDS 


The following ten tentative specifica- 
tions for asphalt cements have not been 
revised during the past thirteen years or 

longer. The committee does not con- 

_ sider them satisfactory for adoption as 
standard, and as it has not yet been 
able to reach an agreement upon their 
revision it recommends that they be 
withdrawn: 


Tentative Specifications for: 


_ Asphalt Cement, 10 to 15 Penetration, 
- for the Manufacture of Asphalt Block 

(D 133 - 23 

Asphalt Cement, 15 to 25 Penetration, 

- for the Manufacture of Asphalt Block 

(D 134 23 

Asphalt Cement, 25 to 30 Penetration, 
- for Use in Sheet Asphalt and Asphaltic- 
Concrete Pavements (D 163-23 

Asphalt Cement, 30 to 40 Penetration, 
for Use in Sheet Asphalt and Asphaltic- 
Concrete Pavements (D 164 - 23 T),™ 

Asphalt Cement, 40 to 50 Penetration, 
for Use in Sheet Asphalt and Asphaltic- 
Concrete Pavements and as Filler for Brick 
and Block Pavements (D 99 - 26 T),” 

Asphalt Cement, 50 to 60 Penetration, 


G Use in Sheet Asphalt and Asphaltic- 


Concrete Pavements and as Filler for Block 
Pavements (D 100 26 T),”* 

Asphalt Cement, 60 to 70 Penetration, 
for Use in Sheet Asphalt, Asphaltic Concrete 
and Asphalt-Macadam Pavements and as 
Filler for Block Pavements (D 101 — 26 T),” 

Asphalt Cement, 85 to 100 Penetration, 
for Use in Asphalt-Macadam Pavements 
(D 102 —- 24 T),* 

Asphalt Cement, 100 to 120 Penetration, 
for Use in Asphalt-Macadam Pavements 
(D 103 - 24 T),* and 


% Proceedings, Am. Soc. Testing Mats., Vol. 23, Part I, 

pp. 719 to 723 (1923); also 1938 Book of A.S.T.M. Tentative 
q tandards, pp. 858 to 864. 

25 Proceedings, Am. Soc. Testing Mats., Vol. 26, Part I, 
pp. 860 to 864 (1926) ; also 1938 Book of A.S.T.M. Tentative 
Standards, pp. 866 to 870. 

26 Proceedings, Am. Soc. Testing Mats., Vol. 24, Part I, 
pp. 920, 921 (1924); also 1938 Book of A.S.T.M. Tentative 
Standards, pp. 872, 874. i 
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Asphalt Cement, 120 to 150 Penetration, 
for Use in Asphalt-Macadam Pavements 
(D 135 23 

VI. STANDARDS CONTINUED WITHOUT 
REVISION 


In order to determine whether they 
are in accord with present practice, the 
committee has reviewed the following 
standards, which have remained without 
revision for a number of years, and 
approves retaining these standards in 
their present form, with editorial cor- 
rections in four methods of test and one 


specification, as indicated below: SS 
Standard Methods of: 


Test for Abrasion of Rock by Use of 
the Deval Machine (D 2 — 33), 

Test for Toughness of Rock (D 3 - 18), 

Test for Determination of Bitumen 
(D 4-27), 

Test for Specific Gravity of Road 
Oils, Road Tars, Asphalt Cements and 
Soft Tar Pitches (D 70 — 27), 

Test for Specific Gravity of Asphalts 
and Tar Pitches Sufficiently Solid to be 
Handled in Fragments (D 71 — 27), 

Test for Water in Petroleum Products 
and Other Bituminous Materials (D 95 - 
30), 

Float Test for Bituminous Materials 
(D 139 - 27), 

Test for Proportion of Bitumen Soluble 
in Carbon Tetrachloride (D 165 - 27), 

Test for Residue of Specified Penetra- 
tion (D 243 — 36), 

Standard Definitions of Terms Relating to 
Materials for Roads and Pavements 
(D 8 - 33), 


Standard Method of Test for Penetration 
of Bituminous Materials (D 5 - 25)” 


Section 4.—Change the Note to this sec 
tion from its present form: namely, 


Note.—The American Can Company's 
3-oz. Gill style flat-bottom, seamless oit: 


27 Proceedings, Am. Soc. Testing Mats., Vol. 23, Part, 

. 730 (1923); also 1938 Book of A.S.T.M. Tentat! 

p. 876. 
28 1936 Book of A.S.T.M. Standards, Part II, p. 1080. 
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AND PAVING MATERIALS 


TABLE I.—ANALYSIS OF LETTER BALLOT VOTE. 


Ballots 
Items Affirmative Negative (Marked “Not 
Voting” 
I. REVISIONS OF TENTATIVE STANDARDS 
Spec. for Crushed Stone for Bituminous Macadam Base and Surface Courses 
D 192 - 38 T) 74 0 20 
Spec. for Crushed Slag for Bituminous Macadam Base and Surface Courses 
D 487 - 38 T) 68 0 6 
Spec. for Crushed Stone for Bituminous Concrete Base and Surface Courses 
(D 486 - 38 T)....... 75 0 19 
II. ADopTION OF TENTATIVE STANDARDS AS STANDARD 
Test for Specific Gravity and Absorption of Coarse Aggregate (C 127 - 
36 T). 81 1 12 
Test for Specific Gravity and Absorption of Fine Aggregate (C 128 - 
%6T) 80 1 13 
Test Abrasion of Coarse Aggregate by Use of the Los Angeles Machine 
Spec. for Mineral Filler for Sheet Asphalt and Bituminous Concrete Pave- 
ments (D 242 - 26 T), as revised Pears 75 0 19 
Testing Emulsified Asphalts (D 244 - 36 T), as revised 71 3 21) 
Spec. for Emulsified Asphalt (for Coarse Aggregate Plant Mixes) (D 397 - 
36 T), as revised 65 3 26 
Spec. for Emulsified Asphalt (for Retread and Coarse Aggregate Mixes) 
D 398 - 36 T), as revised 65 3 26 
pec. for Emulsified Asphalt (Heavy Premix - Summer Grade) (D 399 
% T), as revised 65 3 %6 
Recommended Practice for Bituminous Paving Plant Inspection (D 290 - 
2 T), as revised 70 1 23 
III. ApopTION AS STANDARD OF TENTATIVE REVISION OF STANDARD 
Test for Ductility of Bituminous Materials (D 113 - 35).................. 82 0 12 
Spec. for Block for Granite Block Pavements (D59-26) ............... | 47 0 44 
Spec. for Block for Recut Granite Block Pavements (D 131-23) ........ 46 0 45 q 
for Block for Durax Granite Pavements (D 132-23)................ 46 0 45 
IV. REVERSION OF STANDARDS TO TENTATIVE 
Sampling Stone, Slag, Gravel, Sand and Stone Block for Use as red 
Materials, Including Some Material Survey Methods (D 75 - 22) 78 0 16 
ampling Bituminous Materials (D 140 - 25) 81 0 13 
lest for Loss on Heating of Oil and Asphaltic Compounds (D 6 - 33).. 77 0 17 
V. WITHDRAWAL OF TENTATIVE STANDARDS f 
for Asphalt Cement, 10 to 15 Penetration, for the Manufacture of : 
Asphalt Block (D 133 23 7 71 3 20 
et for Asphalt Cement, 15 to 25 Penetration, for the Manufacture of 
Asphalt Block (D 134 - 23 T) 71 3 2 
ec. for Asphalt Cement, 25 to 30 Penetration, for Use in Sheet Asphalt 
and Asphaltic- Concrete Pavements (D 163 - 23 T) 73 3 18 
c. for Asphalt Cement, 30 to 40 Penetration, for Use in Sheet Asphalt 
and Asphaltic-Concrete’ Pavements (D 164 - 23 T) 73 3 18 
pec. for Asphalt Cement, 40 to 50 Penetration, for Use in Sheet Asphalt 
and Asphaltic-Concrete Pavements and as Filler for Brick and Block 
Pavements (D 99 - 26 T) 73 3 18 
me. for Asphalt Cement, 50 to 60 Penetration, for Use in Sheet Asphalt 
Asphaltic- Concrete Pavements and as Filler for Block Pavements | 
'D 100 ~ 26 T) | 74 3 17 
.for Asphalt Cement, 60 to 70 Penetration, for Use in Sheet Asphalt, 
k Asphaltic Concrete and Asphalt-Macadam Pavements and as Filler for | 
Block Pavements (D 101 - 26 T) 74 3 17 
ec. for Asphalt Cement, 85 to 100 Penetration, for Use in Asphalt- 
Macadam Pavements (D 102 - 24 ah. esis 73 3 18 
. for Asphalt Cement, 100 to 120 Penetration, for Use in Asphalt- . 
xcadam avements (D 103 - 24 73 3 18 
for Asphalt Cement, 120 to 150 Penetration, for Use in Asphalt- 
acadam Pavements (D 135 - 23 n. 73 3 18 


ent box, deep pattern, fulfills these re- Standard Method of Test for Distillation of 
lirements. Bituminous Materials Suitable for Road 


tead as follows: 


Nore.—Containers, known in the drug Title. 


rade as “ointment boxes, ” meet the above —— 
‘equirements, 


Treatment (D 20 


Change to read as follows by the : 


30) :29 


24 1936 Book of A.S.T.M. Standards, Part II, p. 1053. 
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addition of the italicized words and the 
omission of those in brackets: 

Standard Method of Test for Distilla- 
tion of [Bituminous Materials] Tar Products 
Suitable for Road Treatment. 


- Standard Method of Test for Softening Point 
of Bituminous Materials (Ring-and-Ball 
Method) (D 36 — 26), 


Section 3. —Change to read as follows by 
the addition of the italicized material: 

After cooling 1 hr. excess material shall 
be cut off cleanly with a slightly heated knife. 


- Standard Method of Test for Separation of 
Liquid Aspbaltic Products (D 402 — 36) :*! 


Title-Change to read as follows by the 
addition of the italicized words and the 
omission of those in brackets: 

Standard Method of Test for [Separation 
of Liquid] Distillation of Cul-Back Asphaltic 
Products. 


Standard Specifications for: 

Materials for Cement Mortar Bed for 
Brick, Stone Block, Wood Block, Asphalt 
and Other Block Pavements (D 57 — 20), 

Coal-Tar Pitch for Stone Block Filler 
(D 112 — 30), 

Gravel for Bituminous 
(D 309 — 30), and 

Sand for Sheet Asphalt and Bituminous 
Concrete Pavements (D 162 — 29) :** 


Concrete Base 


30 1936 Book of A.S.T.M. Standards, Part II, p. 1098. 
Jbid., p. 1065. 
2 Jbid., p. 1021. 


Section 2.—In the last line of the table 
of grading requirements, change the screen 
designation from “j}-in. screen” to read 
“No. 4 sieve.” 


Section 4.— Change from its present form, 
to read as follows: 


4. Mechanical Analysis—The test for 
mechanical analysis shall be made on 
samples of dried sand, weighing not less 
than 100 g., following the procedure de. 
scribed in Section 5 of the Tentative Method 
of Test for Sieve Analysis of Fine and Coarse 
Aggregate (A.S.T.M. Designation: C 136) 
of the American Society for Testing Ma- 
terials. Determination of percentage of 
particles passing a No. 200 (74-micron) 
sieve shall be made by dry sieving. 

The recommendations appearing in 
this report have been submitted to 
letter ballot of the committee which 
consists of 117 members, with _ the 
results shown in Table I. 


This report has been submitted to 
letter ballot of the committee which 
consists of 117 members; 94 members 
returned their ballots, of whom 84 have 
voted affirmatively and 2 negatively. 

Respectfully submitted on behalf of 
the committee, 

F. 

Chairman 

Prévost HUBBARD, 
Secretary 


NOTE 


Subsequent to the annual meeting Committee D-4 presented to the Society 
through Committee E-10 on Standards the following recommendations: 
New Tentative Standards: 

Specifications for Expansion Joint Fillers for Concrete (D 544 - 39 T), 

Methods of Testing Expansion Joint Fillers for Concrete (D 545 — 39 T), and 

Method of Test for Sieve Analysis of Mineral Filler (D 546 — 39 T). 
Proposed Revision of Tentative: 

Specifications for Asphalt Filler for Brick Pavements (D 241 - 2617), 

Method for Loss on Heating of Oil and Asphaltic Compounds (D 6 - 39 T). 

These recommendations were accepted by Committee E-10 on August 24, 
1939, the new tentative standards assigned the A.S.T.M. serial designations 
indicated above, and the new and revised tentative standards appear in the 

bu 1939 Book of A.S.T.M. Standards, Part II. 
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REPORT ON COOPERATIVE TESTS FOR SIEVE ANALYSIS OF 
MINERAL FILLERS 


SPONSORED BY SUBCOMMITTEE B-9 on S1ZE OF AGGREGATES 


re 


At the meeting of Subcommittee B-9 
on November 1, 1938, it was decided to Percentages Passing Each Sieve; Individual Results. 
conduct a series of tests to determine | 


TABLE I.—SIEVE ANALYSES OF MINERAL 
FILLERS. 


{ 
| 


No. 200 Sieve No. 80 Sieve 
reasonable figures for insertion in the | 
gction on reproducibility of results | 213/8 
included in the proposed Tentative an a 
Method of Test for Sieve Analysis of No.1 | A | 95.5. 95.4|95.2 0.3] 99.6 99.699.6| 0.0 
Mineral Fillers.1 Samples of four min- 
eral fillers were sent to a number of a a re 
laboratories with the request that three Ho. | | 
tests as specified in the proposed method C | 86.8 86.8)87.2| 0.4) 99.299.2 99.2) 0.0 
D | 93.1 0.0, 99.4:99.4 99.4) 0.0 
be made on each sample. The samples No. 2B | A | 95.2 95.7195.1, 0.6] 99.8 99.8 99.8) 0.0 
3 | 72.7; 72.9|72.6| 0.3) 99.5|99.5 99.5) 0. 
included two limestone dusts, one port- C | 85.6 85.9185.2, 99.3.99.3 99.3] 0:0 
land cement, and one trap rock dust. a i en 
Reports were received from twelve 3 | | 95.5) 95.6984) 0.2) 0.0 
laboratories. Laboratory No. 2. re- C | 85.9 85.7,86.0 0.3, 0.0 
. D | 92.6 92.5|92.2, 0.4, 99.6,99.6.99.6 0.0 
° No. 5 -899.5 99.6) 0.: 
rs, each of whom made one test with B | 73.7, 73.1173.0. 0.7, 99.1199.2.99.2| 0.1 
C | 85.6) 85.9/86.0' 0.4) 99.1,99.1.99.1) 0. 
ch of three No. 200 sieves and the D | 91.8 91.9:91.9 99.5 
esults for each operator have been Nos | A| 95.3 95.2/98.4 0.2 mide 0.1 
nsidered separately in the study of the 
lata. The observed test values for the D | 92.3) 92.5)92.6) 0.3 a ia ng. 0.1 
‘0. 200 and No. 80 sieves are given in No.6 | A | 96.0 95.195.2, 0.9 99.899.6 99.4! 0.4 
B | 74.0 74.6 73.4! 1.2) 98.9,99.199.1. 0.2 
ble I. No laboratory reported more C | 87.4 87.287.5 0.3, 98.3.98.198.5: 0.4 
i a trace retained on the No. 30 oe ee 
ve, and the data for this sieve are | | 28-5 98-3583 09:9 99:5: 0-0 
il is discuss] C | 89.0 88.5 88.5) 0.5 99.099.5 99.5) 0.5 
ited from this discussion. D | 93.5) 91.098.5) 0.5, 99.5.99.5 99.5) 0.0 
Average values for the amount passing 
No. 8 A 96.0 96.096.0 0.0 99.599 5 99.5} 0.0 
é No. 200 sieve for each sample are B | 75.5. 74.074.0, 1.5, 99.5.99.5 99.5) 0.0 
C | 87.0 87.087.0 0.0 99.0.99.099.0) 0.0 
wn in Table II. In the proposed D | 92:5 93.092.5) 0.5 99.599.5,99.5| 0.0 
‘thod, no reference to the use of No.9 | A | 95.6 95.495.4 0.2 99.699. 99.6) 0.0 
tection fac B | 72.2. 71.873.0\ 99.299.2 99.2) 0.0 
ection factor for the No. 200 sieve | C | 85.4. 85.285.2 0.2 99.099.099.0 0.0 
pears, and it was decided to show | D 92.4, 92.4.92.6 0.2 so ‘ioc ae 0.0 
| 
ith the average observed value and the Ne. 10 | A | 96.3) 96.3 96.2] 0.8) 0.8 
.074.0 0.0 99.499.4 99.4] 0. 
trage value with sieve correction C | 87-1 87.8 88.0 0.9, 99.299.299.2 0.0 
) | 93.1 93.192.7 0.4 99.699.699.5 0.1 
here such is available. All except two | | | 
N 5.195.1 0.0 99.599.699.6 0. 
oratories show a correction value for 72.7 12.8 0:9, 
No. 200 sieve. Average values for 
sieve are given in Table III. No. 12 A 96.0 95.895.9 0.2 99.799.699.6 0.1 
uch data as are available regarding B | 74.0 73.974.3 0.4 99.399.499.3 0.1 
C | 87.4. 87.7 87.5| 0.3 99.299.299.2) 0.0 
Rétorial Note, p. 428. | D | 93.5, 93.6,93.6 0.1 |100.0,99.6,99.6, 0.4 
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sieve constants for the sieves used are 
given in Table IV. All sieves were 
reported to be in good condition. 

The proposed method states that the 
percentage passing each sieve shall be 
reported to the nearest 0.5 per cent. If 


TABLE II.—SIEVE ANALYSES OF MINERAL 
FILLERS. 
Average Results. 


Observed Percent- Corrected Percent- 
age Passing age Passing 


Laboratory No. 200 Sieve No. 200 Sieve 


OO 
Hance 


Nanas 


SRRASSA: 


Average 
Maximum 
Minimum 
Spread 


Be Qe Ge Ge Oe OP Be Be 


oo 

wSRESSSESE: SERRE 


COM 
rw 


so greatly from the average in com. 
parison with the other values. A maxi- 
mum range of 2.0 per cent is found for 
the uncorrected values and of 2.5 per 
cent for the values with sieve corrections, 
It is apparent that in some instances 
either the sieving ability of the sieve 


TABLE III.—SIEVE ANALYSES OF MINERAL 
FILLERS. 


Average Results. 
Percentage Passing No. 80 Sieve 
Laboratory 


> 


B 


SSS 


eessssss 


Average 
Maximum 
Minimum 
Spread 


| 
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TABLE IV.—SIEVES USED IN TESTS. 


No. 200 Sieve 
Laboratory 
Open- 
ing, in. 


0.0029 
0.0029 
0.0029 
0.0029 
| 0.0029 
0.0029 
0.0029 
0.0029 
0.0029 
0.0029 
0.0029 
0.0029 


Ber 


0.0029 
0.0029 
0.0029 
0.0029 


Humboldt 
Tyler 
Newark 


* A percentage of the amount retained on the sieve. 


the values shown in Table II are so 
expressed, the ranges in values as shown 
in Table V are found. Some values 
marked extreme minimum or maximum 
have been omitted from consideration 
of the nominal range on the assumption 
that these are in error since they differ 


No. 80 Sieve No. 30 Sieve 


Open- Open- 
ing, in. ing, in. 


0.0069 
0.0069 


0.0232 
0.0232 
0.0232 
0.0232 
0.0232 


0.0232 

0.0232 

0.0232 


0.0069 
0.0069 
0.0069 
0.0070 
0.0069 
& M. 
Tyler 
Precision 


0.0069 
0.0070 


has changed since the sieve correction 
was obtained, or the sieve correction !s 
in error since the corrected values show 4 
wider spread than those without cor 
rection. 

From the results obtained it appears 
that a reasonable value for agreement 
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between different laboratories is 2.0 
maxi- Range in Test Values for No. 200 Sieve. per cent for the No. 200 sieve. The 


TABLE V.—SIEVE ANALYSES OF MINERAL 
FILLERS. 


nd for | ig | reported values for the No. 80 sieve 

5 per | show a much better agreement. Ref- 

“tions. Condition | erence to Table I shows that in relatively 

tances | few cases is the spread between the 
| | a | 

sieve % results of three tests made by a given 


operator greater than 1.0 per cent, and 
it is believed that this value is reasonable 
for inclusion in the test method. 


ERAL A.........| No correction 
No correction 
No correction 
No correction 
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© 0 


Corrected : 
ol Corrected Respectfully submitted on behalf of 
—- the subcommittee, 
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Committee D-5 on Coal and Coke 
held two meetings in the past year: in 
Chicago, Ill., on October 12, 1938, and 
in Columbus, Ohio, on March 7, 1939; 
a third meeting will be held at the 
annual meeting of the Society in June, 
1939, in Atlantic City, N. J. 

H. F. Hebley of the Commercial 
Testing and Engineering Co. has been 
appointed chairman of Subcommittee 
XIII on Coal Sampling, succeeding J. 
B. Morrow, who resigned the chairman- 
ship but who will continue to serve on 
the subcommittee. C. A. Lunn has 


succeeded W. F. Davidson, resigned, as 
the representative of the Consolidated 
Edison Co. of New York, Inc.; and A. 
R. Mumford has replaced W. F. David- 
son as the representative of the Edison 


Electric Institute. The personal mem- 
bership of W. D. Langtry has been 
transferred to a company membership 
of the Commercial Testing and Engi- 
neering Co. with Messrs. Langtry and 
Hebley as joint representatives. The 
Sloss-Sheffield Steel and Iron Co., 
represented by W. O. McMahon, has 
been added to the membership. B. P. 
Mulcahy of the Citizens Gas and Coke 
Utility Co. has been transferred from a 
consulting member to a committee 
member. The Reading Iron Co., which 
was represented by C. T. Ressler, 
has resigned from the committee. 

The membership of the committee 
now totals 44, of whom 13 are classified 
as consumers, 12 as producers, and 19 
as general interest members. In addi- 


COAL AND COKE. 


tion, the committee has 17 consulting 
members. 

No recommendations affecting stand- 
ards are proposed by the committee at 
this time, but Subcommittee XIV on 
Dustiness of Coal and Coke has com- 
pleted a new Method of Test for Index 
of Dustiness of Coal and Coke. This 
method which is appended hereto! as 
information will after approval by the 
committee be presented to the Society 
during the summer through Committee 
E-10 on Standards for publication as 
tentative. 

The committee has reviewed the fol- 
lowing standards under its jurisdiction 
which have not been revised within the 
past six years or longer and considers 
them to be in accord with present prac- 
tice. With the exception of general 
editorial changes comprising improve- 
ments in form and arrangement, the 
standards will be continued without 


revision: 
24), 


23) (ASA 


Standard Specifications for: 
Gas and Coking Coals (D 166 
Standard Methods of Test for: 
Shatter Test for Coke (D 141 
K 20.4 — 1936), 
Volume of Cell Space of Lump Coke (D 167 - 
24) (A.S.A. K20.5—1936), 
Fineness of Powdered Coal (D 197 - 30), 
Cubic Foot Weight of Crushed Bituminous 
Coal (D 291 — 29) (A.S.A. K20.1—1936) 
Cubic Foot Weight of Coke (D 292- 29) 
(A.S.A. K20.2— 1936), 
Sieve Analysis of Coke (D 293 - 29), 


1 See Editorial Note, p. 435. 
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Tumbler Test for Coke (D 294 — 29) (A.S.A. 
K20.3—1936), 
Sieve Analysis of Crushed Bituminous Coal 
(D 311 — 30), and 
Standard Definitions of Terms Relating to Coal 
and Coke (D 121 - 30). 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I on Methods of Testing 
W. A. Selvig, chairman).—Last year 
the subcommittee recommended a tenta- 
tive revision of the procedure for 
determining the fusibility of coal ash, 
as described in the Standard Methods 
of Laboratory Sampling and Analysis 
of Coal and Coke (D 271-37) (A.S.A. 
K 18-1937), which was accepted by the 
Society for publication. In view of 
the importance of the ash fusion test 
the subcommittee is not recommending 
that the revision be adopted as standard 
this year; continuance as tentative for 
another year is desirable to afford 
further opportunity for criticism. 

Subcommittee IT on Nomenclature and 
Definitions (H. C. Porter, chairman).— 
The subcommittee is continuing in its 
present status the Tentative Definition 
ithe Term Coke (D 121-30 T) pending 
further consideration by Committee 
E-8 on Nomenclature and Definitions. 
the Tentative Definitions of the Terms 

ross Calorific Value and Net Calorific 

Value of Fuels (D 407-35 T) are also 

eing continued as tentative. 

Subcommittee VIT on Pulverizing Char- 

teristics of Coal (John Van Brunt, 

airman).—This subcommittee is con- 
nuing as tentative, to afford further 
rial, the two methods of testing grind- 
ility of coal, namely, the Tentative 
lethod of Test for Grindability of 
al by the Ball-Mill Method (D 408 - 

'T), and the Tentative Method of 

lest for Grindability of Coal by the 

lardgrove-Machine Method (D 409 - 
iT), Considerable data are being 

“cumulated as a result of the use of 
these two methods. 


During the year the following publi- 
cations on grindability values of various 
coals appeared: 
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“Grindability of Coals Mined in the United 
States, Canada, and Other Countries,” The 
Babcock & Wilcox Co., New York City, 34 pp. 
(1938). 

E. S. Hertzog and J. R. Cudworth “Grind- 
ability of Alabama Coals,” Report of Investiga- 
tions 3382, U. S. Bureau of Mines, 8 pp. (1938). 

H. F. Yancey and M. R. Geer, “Ball-Mill 
Grindability Indexes of Some American Coals,” 
Report of Investigations 3409, U. S. Bureau of 
Mines, 9 pp. (1938). 


Subcommittee VIIT on Foundry Coke 
Specifications (J. T. MacKenzie, chair- 
man).—This subcommittee has under 
consideration a revision of the Standard 
Specifications for Foundry Coke (D 17 - 
16) based on tolerances for the variation 
of analyses which may be permitted 
from analytical values stated in any 
given purchase specifications. 

Subcommittee XI on Coal Friability 
(R. E. Gilmore, chairman).—In 1937 
the subcommittee recommended two 
tentative methods of testing coal fri- 
ability: namely, the Tentative Method 
of Drop Shatter Test for Coal (D 440 — 
37 T), and the Tentative Method of 
Tumbler Test for Coal (D 441 — 37 T). 
Both of these methods are being used 
as routine tests at the Fuel Research 
Laboratories, Canada Bureau of Mines. 
Studies are being made at these labora 
tories to determine the relationships 
between testing 2 by 3-in. lump coal 
by the drop shatter test method and the 
observed handling properties of the 
coals. Results of these studies will be 
published by the Canada Bureau of 
Mines. An investigation of friability 
of Alabama coals, using the tumbler 
test method, has been published by 
the U.S. Bureau of Mines. 

Hertzog and J. Cudworth, ‘‘Friability 


Alabama Coals,’’ Report a ‘Investigations 3384, U 
Bureau of Mines (1938). 


Subcommittee XIII on Coal Sampling 
(H. F. Hebley, chairman).—The sub- 
committee held a meeting in Chicago 
Ill., on October 12, 1938, and a meeting 
in New York City on February 15, 
1939. The Tentative Method of Sam- 
pling Coals Classed According to Ash 
Content (D 492-—38T), accepted for 
publication last year, is to remain as 
tentative pending sampling experiments 
being conducted to check the accuracy 
of the method when applied to coals of 
varying ash content. Also, the sub- 
committee is formulating methods for 
sampling the larger sizes of coal and 
run-of-mine coal. 

Dr. E. S. Grumell of Imperial Chemi- 
cal Industries, Ltd., the eminent British 
authority on coal sampling, attended 
the subcommittee meeting held in New 
York City in February. The work of 
Doctor Grumell and his associates in 
applying the theory of errors to coal 
sampling problems has been very helpful 
in standardizing coal sampling methods, 
and the subcommittee is grateful to 
him for his interest and assistance in 
its work. 

Subcommittee XIV on Dustiness of 
Coal and Coke (O. O. Malleis, chairman). 
—As mentioned earlier in this report, 
the subcommittee has prepared a Pro- 
posed Method of Test for Index of 
Dustiness of Coal and Coke. The 
method is a measure of the relative 
index of the dust produced when coal 
or coke is handled. It should be of 
value in determining the effectiveness 
of various methods in use for dust- 
proofing coal or coke by means of 
chemicals or oil sprays. 

The method is essentially that de- 
scribed by Powell and Russell* and later 
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3A. R. Powell and C. C. Russell, ‘Method for Deter- 
mining the Dustiness of Coal and Coke,’”’ Industrial and 
Engineering Chemistry, Analytical Edition, Vol. 5, p. 
340 (1933). 

4J. M. Pilcher and R. A. Sherman, “The Treatment 
of Coal with Oil and Other Petroleum Products,’’ Techni- 
cal Paper 113, Am. Inst. Mining and Metallurgical Engrs. 
June, 1939. 


REPORT OF COMMITTEE D-5 


used by Pilcher and Sherman‘ for study- 
ing the effectiveness of dust-proofing 
coal with oil and other petroleum 
products. 

Subcommittee XV on Plasticity and 
Swelling of Coal (C. C. Russell, chair- 
man).—This subcommittee held a meet- 
ing on October 12, 1938, in Chicago, 
Ill. A series of seven coking coals 
ranging in rank from low volatile Poca- 
hontas coal to high volatile Illinois coal 
have been tested for expansion proper- 
ties during carbonization by various 
methods. Ten laboratories made these 
cooperative tests and nine methods were 
used. These same coals also were 
tested by five different methods for 
agglutinating values and for plastic 
properties during carbonization. The 
data from these cooperative tests have 
been compiled for study by ihe sub- 
committee with a view to evaluating 
available methods for testing expansion 
characteristics of coals in coke ovens 
and their general plastic properties 
during carbonization. 

Subcommittee XVI on Ignitibility of 
Coal and Coke (R. A. Sherman, chait- 
man).—The subcommittee held a meet- 
ing in Chicago, IIl., on October 12, 
1938. Asa part of its work in develop- 
ing a method of test, the subcommittee 
has reached agreement on a proposed 
definition of the term ignitibility, as 
follows: 


Ignitibility. —The ignitibility of a fuel is that 
characteristic which determines the ease with 
which the fuel may be brought to a condition 
of self-supporting, active oxidation. The ignit 
ibility is governed not only by the inherent 
chemical characteristics of the fuel that deter 
mine its rate of oxidation at various temper 
tures but also by the physical charactenstic 
of the fuel and its surroundings that determin 
the rate at which it can be heated. Among 
these physical characteristics are (/) the si 
of the pieces of fuel, (2) the specific heat of the 
fuel, (3) the thermal conductivity of the pieces 
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and the aggregate, (4) the rate at which the 
oxygen or air is brought into contact with the 
fuel, and (5) the rate of heat loss to the sur- 
roundings. Chemical and physical changes, 
such as melting and decomposition of .bitum- 
inous coal, may occur as the fuel is heated. 


This report has been submitted to 
letter ballot of the committee which 
consists of 44 members; 42 members 
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Subsequent to the annual meeting Committee D-5 presented to the 
Society through Committee E-100n Standards a proposed Tentative Method 
of Test for Index of Dustiness of Coal and Coke. 
method was accepted by Committee E-10 on August 24, 1939, and appears 
in the 1939 Book of A.S.T.M. Standards, Part III, bearing the designation 


returned their ballots, all of whom have 
voted affirmatively. 


Respectfully submitted on behalf of 
the committee, 


W.A. 


Secretary. 


A. C. FIELDNER, 
Chairman. 
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REPORT OF SECTIONAL COMMITTEE 


ON 


CLASSIFICATION OF COALS 


‘The Sectional Committee on Classifi- 
cation of Coals, functioning under the 
procedure of the American Standards 
Association, held one meeting in the past 
year, in New York City, on February 15, 
1939. 

The committee approved the appoint- 
ments of E. E. Ramey, as representative 
of the Railway Fuel and Traveling Engi- 
neers’ Association, vice Malcolm Mac- 
farlane, deceased, and of H. L. Littell 
with H. G. Turner, alternate, as repre- 
sentatives of the Anthracite Institute, 
vice E. W. Parker and L. W. Hildreth, 
resigned. The resignation of W. R. 
Roberts, representing the American Min- 
ing Congress, was accepted and the 
advancement of G. B. Southward, alter- 
nate, to succeed Mr. Roberts was ap- 
proved. 

The presentation of this report with 
the recommendations affecting standards 
contained herein marks the completion 
of the work assigned to the Sectional 
Committee on Classification of Coals. 
The committee was organized in 1927 
with the following scope: 


The classification of all coals from anthra- 
cite to lignite, to be based upon such chem- 
ical and physical characteristics as_ will 
make the plan most readily adaptable to 
industrial and commercial use on a national 
scale. 


A comprehensive program of fact find- 
ing and research was undertaken by the committee and accepted by the AS.T.M. 


A.S.A. Project: M20 


committee in cooperation with the Asso 
ciate Committee on Coal Classificatior 
and Analysis of the National Researct 
Council of Canada. Previously pro- 
posed systems of classification were 
critically examined and their applicatior 
to the wide variety of North Americar 
coals was carefully studied. Volumi 
nous data on the chemical and physical 
properties of coals were collected, and 
much research was sponsored by the 
committee in this connection and in the 
development of standard methods for 
assessing certain properties of coal, such 
as weathering and agglomeration, that 
seemed important in its classification 

From these studies the committe 
recognized that coals could be usefull 
classified, according to their inherent 
composition and properties, along thre 
different lines, as follows: 

1. By rank, that is, according to the 
degree of metamorphism, or progressive 
alteration in the natural series fron 
lignite to anthracite; 

2. By grade, that is, according to th 
nature and amount of impurities pres 
ent, screen size, etc.; and 

3. By type, that is, by varieties sud 
as common banded, splint, cannel, an 
boghead or algal coals. 

Tentative Specifications for Classifi- 
cation of Coals by Rank (D 388) and by 
Grade (D 389) were formulated by the 
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for publication as tentative in 1934. In 
1937 the rank and grade classifications 
were adopted by the Society and were 
approved as American standards by the 
American Standards Association; an 
amendment to the rank classification 
was adopted in 1938. The acceptance 
for publication in 1938 of Tentative Defi- 
nitions for Varieties of Bituminous and 
Subbituminous Coals (D 493-38 T) 

mpleted the development of the classi- 
ication of coals along the three lines of 
rank, grade, and variety (in place of 


e Asso- 
ers pe). The final recommendations of 
sel he committee are given below. 
ly pro- ADOPTION OF TENTATIVE STANDARD 
n were AS STANDARD 
ication 
licatio [The committee recommends that the 
meric lentative Definitions for Varieties of 
Volum Bituminous and Subbituminous Coals 
physical Bf) 493 - 38 T)! be approved for refer- 
ed, and nce to letter ballot of the Society for 
by the loption as standard. The committee 
id in the ther recommends that these defini- 
10ds for ns be submitted to the American 
nal, such ff Standards Association for approval as 
on, that § American standard upon their adoption 
ification ythe A.S.T.M. 
mmitte This recommendation has been sub- 
usefull Proceedings, Am. Soc. Testing Mats., Vol. 38, Part I, 
inherer 5 (1938); also 1938 Book of A.S.T.M. Tentative 
ndards, p. 690. 
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mitted to letter ballot of the committee 
which consists of 29 members; 27 mem- 
bers returned their ballots, of whom 24 
have voted affirmatively, 0 negatively, 
and 3 members marked their ballots 
“not voting.” 


ACTIVITIES OF TECHNICAL 
COMMITTEES 


The Technical Committee on Nomen- 
clature (E. A. Holbrook, chairman) held 
no meetings in the past year but it con- 
ducted a letter ballot on the adoption of 
the Tentative Definitions for Varieties 
of Bituminous and Subbituminous Coals 
(D 493-38 T). The technical commit- 
tee consists of 11 members; 9 members 
returned their ballots, all of whom voted 
affirmatively. 


This report has been submitted to 
letter ballot of the committee which con- 
sists of 29 members; 27 members re- 
turned their ballots, all of whom have 
voted affirmatively. 


Respectfully submitted on behalf of 
the committee, 
A. C. FIELDNER, 
Chairman. — 


J. D. 
Secretary. 
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REPORT OF COMMITTEE D-6 
ON 
PAPER AND PAPER PRODUCTS 


Committee D-6 on Paper and Paper 
Products was organized at a meeting 
held in New York City on June 28, 
1937. Two meetings were held during 
1938: one in the spring in Rochester, 
N. Y., and one during the annual meet- 
ing of the Society in June at Atlantic 
City, N. J. Another meeting was held 
in New York City on April 3, 1939. At 
these meetings the organization of the 
various subcommittees was arranged 
and the planning of detailed programs 
of work was completed. The present 
activities of the various subcommittees 


are described later in this report. 

The following statement of scope of 
the work of the committee has been 
adopted: 


Scope.—(a) The study, review, and adoption 
of general testing methods for paper and paper 
products. 

(b) The study, review, and adoption of defi- 
nitions of terms and nomenclature relating to 
paper and paper products and to the testing 
thereof. 

(c) The study of use requirements of paper 
and paper products and the significance of test 
results. 

(d) Study of the need for specifications and 
the preparation of specifications for paper and 
paper products in those fields for which there is 
need. 


During the year cooperative relations 
have been arranged between Committee 
D-6 and Committee D-9 on Electrical 
Insulating Materials in regard to the 
interest of the latter committee in 
electrical insulating papers. In this 
connection each committee will be repre- 


sented formally upon the other com 
mittee, R. W. Chadbourne to represent 
Committee D-9, and L. S. Reid to repre- 
sent Committee D-6. 

Committee D-6 has also established 
effective cooperative relations with the 
Technical Association of the Pulp and 
Paper Industry to insure that test meth- 
ods on the same subjects issued by th 
A.S.T.M. and T.A.P.P.I. will not differ 
radically. This cooperation is being 
carried out through the formation of a 
Joint A.S.T.M.-T.A.P.P.I. Committee 
on Paper Testing Methods, composed 
of two members of Committee D-6 and 
two members from T.A.P.P.I. The 
personnel of this committee is as fol- 
lows: A.S.T.M. representatives: L. S. 
Reid (chairman), and R. C. Griffin; 
T.A.P.P.I. representatives: B. L. Wehn- 
hoff and P. F. Wehmer. 

The present membership of Commit- 
tee D-6 is 46, of whom 17 are classified 
as producers, 14 as consumers, and 15 
as general interest members. 


New TENTATIVE STANDARDS 


The committee recommends that the 
following two methods of test be ac: 
cepted for publication as tentative: 

Tentative Method of Test for Bulking 

Thickness of Paper,’ and 

Tentative Method of Test for Machine 

Direction of Paper.' 
These proposed tentative methods 
1 These methods were accepted as tentative by “% 


Society and appear in the 1939 Book of A.S.T.M Stand- 
ards, Part III. 
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which are based upon the Standard 
Methods T426m and T409m of the 
Technical Association of the Pulp and 
Paper Industry have been submitted 
to letter ballot of the committee which 
consists of 46 voting members, with the 
results shown in Table I. 


TABLE 1.—-ANALYSIS OF LETTER BALLOT VOTE. 


ad | 
| 
as 
Item 4 a> 
ne 
E 3 | oo 
| < Z a 
New TENTATIVE STANDARDS | 
Test for Bulking Thickness of 
Test for Machine Directionof Paper .| 30 0 1 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I on Paper Testing 
Methods (W. E. Emley, chairman) has 
been working on a critical study of 
various methods of test which have been 
approved by T.A.P.P.I. In this study 
a T.A.P.P.I. method is assigned to a 
member of the subcommittee for review 


and report. The following methods 
are in this manner now being given con- 
sideration: 
LA.P.P.I. Standard Subject 
Basis Weight 
Tearing Strength 
Saturating Properties 


When an individual member has com- 
pleted his review his recommendations 
are transmitted to the other members 
of the subcommittee for their consider- 
ation. At present Method T404m on 
Tensile Strength has this status. When 
all members of the subcommittee have 
tad an opportunity to study the recom- 
mendations, and the method has been 
revised in accordance with the criticisms 
ceived, the revised method is then 
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referred to letter ballot of the subcom- 
mittee. The following methods are now 
being balloted upon: 


T403m on Bursting Strength. 
T411m on Thickness, 
T413m on Ash, and a 
T415m on Casein. 


The methods listed below have been 
approved by the subcommittee and are 
now receiving consideration in the Joint 
A.S.T.M.-T.A.P.P.I. Committee: 


T400m on Sampling, and 
T425m on Opacity. 


Subcommittee II on Significance of 
Test Methods (C. C. Heritage, chairman) 
is preparing a monograph covering the 
significance of tests and the definition of 
terms, nomenclature, and properties of 
paper, in which the interested com- 
mittees of A.S.T.M. and T.A.P.P.I. 
are to be invited to cooperate. The 
subcommittee is being assisted in this 
activity by Subcommittee III on Paper 
Bags (R. M. Bates, chairman). 

Subcommittee IV on Fiberboard and 
Fiberboard Containers (D. L. Quinn, 
chairman) has launched an extensive 
research-testing program, with the fol- 
lowing objectives: 


1. To secure comprehensive and dependable 
data on the moisture content of container 
grades of paperboards and of corrugated fiber- 
board containers resulting from conditioning 
these products in accordance with several speci- 
fied procedures. 

2. To determine whether moisture content 
can be eliminated as a variable by any of the 
conditioning methods proposed as shown by the 
influence of varying moisture content on cer- 
tain specified physical properties when these 
are measured in the manner prescribed. 

3. To determine the practicability of each 
of the methods of conditioning outlined, in 
relation to duplication of test results. 


Work on this program has been ac- 
tively started and is being carried on at 


= 
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six laboratories which generously offered 
to cooperate. The subcommittee has 
held several meetings, the last one being 
in Columbus, Ohio, on March 6 and 7, 
1939. 


} This report has been submitted to 
P . 

letter ballot of the committee which con- 

| sists of 46 voting members; 31 members 


New Tentative Methods of: 


(D 548 - 39 ), and 
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EDITORIAL NOTE 


Test for Resin in Paper (D 549 - 39 T) 
These new tentative methods were accepted by Committee E-10 on 
August 24, 1939, assigned the A.S.T.M. serial designations indicated above, 
and appear in the 1939 Book of A.S.T.M. Standards, Part IIT. 


returned their ballots, all of whom have 
voted affirmatively. 


Respectfully submitted on behalf of 
the committee, 
R. C. GRirrin, 


Chairman 
L. S. 


Secretary. 


Subsequent to the annual meeting Committee D-6 presented to the So- 
ciety through Committee E-100n Standards the following recommendations: . 


Test for Water-Soluble Acidity or Alkalinity of Paper 7 
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Committee D-7 on Timber presents 
herewith a report of its activities during 
the past year. The committee has held 
one formal meeting in Chicago, IIl., on 
March 14, 1939. 

In the 1938 report! reference was made 
toa study of the interpretation of knot 
measurements, particularly when applied 
tooak wood. A memorandum prepared 

y Mr. J. A. Newlin entitled ‘The Size 

fa Knot,” covering the interpretation 

{knot definitions as applied particu- 

arly to oak knots, is presented as in- 
formation in an appendix to.this report. 
It is recommended that this appended 

aterial be included as an informational 
section in the Standard Definitions of 

ferms Relating to Timber (D 9 - 30). 


[. REVISION OF TENTATIVE STANDARD 


The committee recommends that Sec- 
ion 4 of the Tentative Method of Test 
or Tar Acids in Creosote and Creosote — 


‘al Tar Solutions (D 453 —- 38 T)? be 
revised as indicated below and the 
method continued as tentative. The 
method as revised will be identical with 
the one recently adopted as standard by 
the American Wood-Preservers’ Associa- 
tion. 

Section 4.—Change from its present 
‘orm: namely, 


4. The amount of tar acids shall be reported 
4% 4 percentage of the fraction tested, calculated 
28 follows: 


Percentage of 
laracids ~~" wt. of fraction in grams 


vol. of tar acids in ml. 


_ | Proceedings, Am. Soc. Testing Mats., Vol. 38, Part I, 
2.414 (1938). 

* Proceedings, Am. Soc. Testing Mats., Vol. 38, Part I, 
also 1938 Book of A.S.T.M. Tentative Stand- 
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In the above formula, the assumption is made 
that 1 ml. of tar acids weighs 1 g. 


to read as follows: 


4. The result shall be reported asa percentage 
of the fraction tested, calculated as follows: 


Tar acids, per cent 


sp. gr. 25 C./15.5 C.* X vol. of tar 
acids in ml. 


seg wt. of fraction in grams 


_* For practical purposes the specific gravity of the tar 
acids may be assumed to be 1.040. 


II. REVISION OF STANDARD 


The Standard Method of Test for 
Distillation of Creosote (D 246-33) 
has been subject to consideration on the 
part of this committee as well as the 
American Wood-Preservers’ Association. 
As a result, a revision of the standard 
consisting largely of editorial changes, 
except for the modification in Section 10, 
is recommended. Since the method is 
so well established and the proposed 
changes are of such a minor nature the 
committee recommends the revisions for 
immediate adoption, and accordingly 
asks for the necessary nine-tenths vote 
at the annual meeting in order that these 
modifications may be referred to letter 
ballot of the Society. 

Section 9.—Change the third sentence 
of the first paragraph to read as follows 
by the addition of the italicized word 
and the omission of the word in brackets: 

The thermometer shall be inserted through a 
cork in the [tubulature] neck with the bottom 


of the bulb 12 to 13 mm. from the surface of 
the oil in the retort. 


2 1936 Book of A.S.T.M. Standards, Part IT, p. 542. 
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Change the second paragraph of this 
section to read as follows by the addition 
of the italicized words and the omission 
of the word in brackets: 


The axis of the bulb of the flask through the 
{tubulature] center of the neck shall be vertical 
and the thermometer shall be aligned on this axis. 


Change the first sentence of the third 
paragraph to read as follows by the 
addition of the italicized words and the 
omission of those in brackets: 


Thermometer 


‘Shield-\\.. 


Flask--++ 


rate of between 80 and 120 drops per minute 
and] The rate at the end of condenser shall be 
adjusted to 90 to 100 drops per min. within 2 min. 
after the first drop and shall be maintained at 80 
to 100 drops per min. throughout the distillation. 
The distillate shall be collected in weighed re. 
ceivers. 


III. ADOPTION OF TENTATIVE 
STANDARD AS STANDARD 


The committee recommends that the 
Tentative Specifications for Zinc Chlo- 
ride (D 432 -36T)* be approved for 


Fic. 1. 


The distance from the [bulb of the thermom- 
eter] neck of the flask to the outlet end of the con- 
denser tube shall be not more than 600 nor less 
than 500 mm. 


Fig. 3.—Replace the present figure 
with the accompanying Fig. 1 which has 
been revised in line with the change 
being recommended in Section 9, above. 

Section 10.—Change the first two sen- 
tences to read as follows by the addition 
of the italicized words and the omission 
of those in brackets: 


One hundred grams (100 +0.1 g.) of the sam- 
ple shall be weighed into the flask, the apparatus 
assembled and heat applied so that the first 
drop [comes over] falls from the end of the con- 
denser in [from 5 to 15 minutes] /0 min. + 100 
sec. {The distillation shall be conducted at the 


Distillation Apparatus Assembly. 


reference to letter ballot of the Society 
for adoption as standard. These speci- 
fications have stood for three years and 
no criticism or suggestions for improve- 
ment have been received. 


Revision CoNTINUED 
AS TENTATIVE 


The definition of water-gas tar has 
been published since 1933 as a tentative 
revision of the Standard Definitions of 
Terms Relating to Timber Preservatives 
(D 324 - 33). Noaction has been taken 
this year by Committee E-8 on Nomen- 
clature and Definitions with respect to 

‘ Proceedings, Am. Soc. Testing Mats., Vol. 36, Part I, 


p. 847 (1936); also 1938 Book of A.S.T.M. Tentative 
Standards, p. 691. 
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this proposed definition and Committee 
D-7 accordingly recommends that the 
definition for water-gas tar be continued 
as tentative pending further study. 


V. STANDARDS CONTINUED WITHOUT 
REVISION 


In order to ascertain whether they are 
still in accord with present practice the 
committee has reviewed the following 
standards which have been published 
for a period of six years or longer without 
revision, and recommends that they be 
continued as standard without change: 


Standard Methods of: 


Sampling and Testing of Creosote (D 38 — 33). 

Test for Coke Residue of Creosote (D 168 - 
30). 

Test for Insoluble Matter in Creosote (D 367 — 
33). Itis probable that in a year or so cer- 
tain changes in this method will be recom- 
mended which are now being discussed with 
the American Railway Engineering Asso- 
ciation and the American Wood-Preservers’ 
Association. 

Test for Specific Gravity of Creosote (D 368 - 
33). 

Test for Specific Gravity, 38 C./15.5C., of 
Creosote Fractions (D 369 — 33). 

Volume and Specific Gravity Correction 
Tables for Creosote and Coal Tar (D 347 - 
33). 

Chemical Analysis of Zinc Chloride (D 199 - 
27). 

Test for Water in Creosote (D 370 - 33). 

Testing Small Clear Specimens of Timber 
(D 143 - 27; ASA 04a - 1927). There will 
probably be some minor revisions in this 
method presented in another year. 

Conducting Static Tests of Timbers in Struc- 
tural Sizes (D 198 - 27; ASA 04b — 1927). 

Standard Specifications for Wooden Paving 
Blocks for Exposed Pavements (D 52 - 20). 

While these specifications are no longer in 
active use the committee decided that it 
would be advisable to retain them pending 
decisions on the part of the industries in- 
volved as to the necessity of either abandon- 
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ing the present standard or developing new 

specifications. 
Standard Definitions of Terms Relating to Tim- 
ber (D9-30). These terms are being 
_ considered for revision; this has been de- 
_ layed awaiting further action by the Cen- 
5 tral Committee on Lumber Standards and 
_ the National Bureau of Standards which 
are cooperating in developing a revision of 

the American Lumber Standards. 


The recommendations appearing in 
this report have been submitted to letter 
ballot of the committee which consists 
of 24 members; 23 members returned 
their ballots, the results being shown in 
Table I. 


TABLE I.—ANALYSIS OF LETTER BALLOT VOTE. 


I. REVISION OF TENTATIVE 
STANDARD 

Test for Tar Acids in Creosote and 
Creosote - Coal-Tar Solutions | : 
(D 453 - 38 T)..... 0 6 

II. REVISION OF STANDARD 
Test for Distillation of Creosote 
(D 246 - 33), immediate adoption 18 0 5 
III. Abortion or TENTATIVE STAND- 
ARD AS STANDARD 


Specifications for Zine Chloride 
| 18 | 0 5 


Affirmative 


| Ballots Marked 
“Not Voting” 


This report has been submitted to 
letter ballot of the committee which 
consists of 24 members; 23 members 
returned their ballots, all of whom have 
voted affirmatively. 


Respectfully submitted on behalf of 
. 
the committee, 
HERMANN VON SCHRENK, 
Chairman. 


Joun A. NEWLIN, 
Secretary. 
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APPENDIX 


THE SIZE OF A KNOT 


(Supplementing Definition of a Knot) 


By Joun A. NEWLIN! 


The A.S.T.M. standards for timber give 
very definite knot sizes that are to be 
permitted in any given grade and size of 
timber and a very concise and accurate 
definition of a knot. But it is not al- 
ways easy to trace the outline of the 
knot on the surface of a timber and 
segregate the knot from the cross grain 
around the knot, which is a part of the 
body of the tree. 

Sometimes there is a difference in 
color between the end grain of the limb 
wood and the surrounding wood. Some- 
times there is a marked change in color 
that merely marks the heartwood of a 
live knot, and the sapwood of the knot 
may have the same color as the surround- 
ing wood. 

Again, we find knots in which there is 
practically no difference in color. The 
body of the tree is usually enlarged at a 
knot so that, when a knot is sawed 
through, the ring growth of the body 
wood looks very much like a part of the 
knot. How then are knot sizes to be 
determined? 

There are two ways of determining the 
limits of a live knot when color or general 
appearance does not clearly demonstrate 
the boundary of the knot: 

First.—The rings on the top of a limb 
are usually narrower than those on the 
bottom; and on a tangentially cut sur- 


1 Specialist in the Mechanics of Wood, Forest Products 
Laboratory, Forest Service, U. S. Department of Agri- 
culture, maintained at Madison, Wis., in cooperation with 
the University of Wisconsin. 


face these rings at the top are narrower 
than those showing immediately above 
the knot in the body of the tree; also 


the rings in the body of the tree get wider 
as you measure away from the knot. 
The growth ring at the top of the knot 
can be traced around the knot to outline 
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the size of the knot. When the knot is 
cut at an angle there will, as a rule, still 
be a place to one side of the top where 
the relatively narrow ring growth of the 
knot is suddenly changed to the wider 
growth rings of the tree trunk (see A, 
Fig. 1). On the side of the knot oppo- 
site these narrow growth rings, the 
growth rings will usually be found to get 


Fic. 2. 


wider all the way from the pith center 
out and it is often very difficult to estab- 
lish the limit of the knots on that side 
except by tracing the growth rings from 
the other side of the knot. 
Second.—Checks on the face of a knot 


ider 

aa in radially from the pith center and 
tose running to the sides never run be- 

cnot 

line yond the knot without an abrupt change 


in direction. 
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To one trying to determine the size of 
a knot, the oaks give a great deal of 
trouble due to two principal causes: 
First, color cannot be depended upon to 
outline the knot, and second, the body of 
the oak tree is usually greatly enlarged 
at a limb and a large amount of irregular 
or burly growth is introduced by a cut 
through the knot. 


On the top of the oak knot it will 
usually be found that the very definite 
growth rings of the knot change very 
abruptly to burly irregular grain (see A, 
Fig. 2), often with bark pockets (see A, 
Fig. 3). This is the body wood above 
the knot. The radial checking in the 
oak knot is often very prominent and 
can be used to determine the limits of the 
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knot. The checks follow the rays and 
run approximately radially from the pith 
center of the knots. The checks running 


to the bottom of the knot may run ap- 
proximately straight far beyond the limit 
of the knot and occasionally those run- 
ning to the top may run through the 


burly wood above the knot in more or 
less of a straight line, but the checks 
running to the sides of the knot, while 
they may stop short of the limit of the 
knot, never run without an abrupt 
change of direction beyond the limit of 
the knot (see B, Figs. 1 and 2). 
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Committee D-8 on Bituminous Water- 
proofing and Roofing Materials has held 
two meetings during the past year: in 
Atlantic City, N. J., on June 29, 1938, 
and in Columbus, Ohio, on March 8, 
1939. 

Subsequent to the 1938 annual meet- 
ing, Committee D-8 presented to the 
Society through Committee E-10 on 
Standards, a proposed revision of the 
Tentative Methods of Testing Films 
Deposited from Bituminous Emulsions 
(D 466-37 T). This revision was ac- 
cepted' for publication on August 25, 
1938, and appears in the 1938 Proceed- 
ings. 


New TENTATIVE STANDARDS 


Tentative Specifications for Asphalt 
Mastic for Use in Waterproofing (As- 
phalt Cement, Mineral Filler, Mineral 
Ageregate).—In its 1938 annual report*® 
Committee D-8 recommended for pub- 
lication new tentative specifications un- 
der the above title to cover mastics pre- 
pared by mixing all of the mineral ag- 
gregate constituents, mineral filler, and 
the asphalt cement on the site of the 
work. These specifications were ac- 
epted and published as tentative under 


‘In submitting this revision to Committee E-10 on 
standards, Committee D-8 reported results of the letter 
tallot vote as follows: Of a total membership of 59, 32 
members returned their ballots, of whom 28 voted affirma- 
Lely, O negatively, 2 members marked their ballots ‘‘not 
ry and 2 ballots were unmarked. 

_ | Proceedings, Am. Soc. Testing Mats., Vol. 38, Part I, 
».992 (1938) ; also 1938 Book of A.S.T.M. Tentative Stand- 
uds, 1034. 

* Proceedings, Am. Soc. Testing Mats., Vol. 38, Part I, 

418 (1938) 


REPORT OF COMMITTEE 
ON 


BITUMINOUS WATERPROOFING AND ROOFING MATERIALS 


the A.S.T.M. designation D 491 — 38 T.4 
In the same report Committee D-8 
also recommended that because of con- 
templated revisions, the Standard Speci- 
fications for Asphalt Mastic for Use in 
Waterproofing (D169-25)and for 
Acid-Resisting Asphalt Mastic (D 223 — 
30)° be reverted to tentative, this recom- — 
mendation to become effective in 1939. 
During the past year, it has been found 
practicable to combine these three spe- 
cifications (D491-38T, D 169-25, 
and D 223 — 30) into a single new spe- 
cification which is herewith presented 
for publication as tentative® to replace 
the three existing specifications which 
it is recommended be withdrawn. 

Tentative Recommended Practice for 
Accelerated Weathering Test of Bitu- 
minous Materials.—For some years past 
considerable need has existed for a stand- 
ard weathering test for bituminous ma- 
terials. Development of an entirely 
satisfactory method of procedure for 
conducting such a test has been ex- 
ceedingly difficult, but Committee D-8 
now believes that the recommended 
practice which it has developed will be 
generally useful and recommends it for 
publication as tentative.’ 


4 Proceedings, Am. Soc. Testing Mats., Vol. 38, Part I, 
p. 973 (1938) ; also 1938 Book of A.S.T.M. Tentative Stand- 
ards, p. 981. 
§ 1936 Book of A.S.T.M. Standards, Part IJ, pp. 1125, 
1123. 
6 These specifications were accepted as tentative by the 
Society and appear in the 1939 Book of A.S.T.M. Stand- 
ards, Part II. 

1 This recommended practice was accepted as tentative 
by the Society and appears in the 1939 Book of A.S.T.M. 
Standards, Part IT. 
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II. REVISIONS OF TENTATIVE 
STANDARDS 


_ The committee recommends that the 
following tentative specifications be re- 
vised as indicated below and continued 
as tentative: 

Tentative Specifications for Woven Cot- 
ton Fabrics Saturated with Bituminous 
Substances for Use in Waterproofing 
(D 173 - 38 T):8 
Section 3.—Change Paragraphs (d) 

and (/) to read as follows by the addi- 

tion of the italicized figures and the 
omission of those in brackets: 


(d) The average net weight per square yard 
shall not be less than [11] 10 oz. 

(hk) The average strength at 70 F. (21.1 C.) 
measured crosswise of the roll (that is, in the 
direction of the filling) shall not be less than 
50 Ib. 


Section 4 (d).—Change from its pres- 
ent form: namely, 


(d) The thread count per inch both in the 
direction of the warp and in the direction of the 
filling shall not be more than 36. 7 


to read as follows: 


(d) The thread count per inch shall conform 
to the following requirements: 


7 Min. Max. 


Tentative Specifications for Asphalt for 
i, Use in Constructing Built-Up Roof 
Coverings (D 312 37 T):° 

Section 3.—In the table of require- 
ments add a new item (j) to read: 
Flash point (Cleveland Open Cup)” 
with a minimum requirement of 375 F. 
for each of the three types of roofing. 


with present practice, the committee 

recommends that the revisions indicated 

below be accepted for publication as 
tentative: 

Standard Specifications for Coal-Tar 
Saturated Roofing Felt for Use in 
Waterproofing and in Constructin 
Built-Up Roofs (D 227 — 27): 
Section 7.—Change from its presen 

form: namely, 


7. The fabricated bituminized felt shall 
from to the following requirements: 

(a) Width of Roll.—Kither 36 or 32-i1 
may be specified, +} in. 

(b) Gross Weight per Roll.—40 to 80 Ib. 

(c) Weight of Wrapping and Packing Ma 
terial per Roll.—Maximum, $ lb. 

(d) Weight of Material per 100 sq. ft. Ex- 
clusive of Packing and Wrapping.—14 lb 
+1 Ib. 

(e) Moisture.—Maximum, 2.5 per cent 
the net weight. 

(f) Distillate, per cent by weight to 210 ( 
calculated on extracted saturant, not mor 
than 2. 

Distillate, per cent by weight to 235 C 
calculated on extracted saturant, not mor 
than 5. 

(g) Pliability at 77 F. (25 C.).—At ke 
four strips out of five shall not crack w 
bent through 180 deg. over a ;'g-in. mandr 

(h) Saturant in Moisture-Free Felt.—M 
mum, 140 per cent by weight. 

to read as follows: _ 
7. The fabricated bituminized felt shall 
form to the following requirements: 

Width of Roll.—¥ither 36 or 32-in., as 
be specified, +} in. 

Area of Roll.-Minimum, 432 sq. ft. 

Weight of Material per 100 sq. ft. Exclusiw 
of Packing and Wrapping. Minimum, 14! 


Moisture.—Maximum, 2.5 per cent of t 
net weight. 


Average Breaking Strength at 77 F. (25( 
III. TENTATIVE REVISIONS a With fiber grain.—Minimum, 30 


STANDARDS 


In order to bring the following stand- 
ard specifications up to date and in line 


® Proceedings, Am. Soc. Testing Mats., Vol. 38, Part I, 
p. rds, (1938) ; also 1938 Book of A.S.T.M. Tentative Stand- 
ards 
iia Am. Soc. Testing Mats., Vol. 37, Part I, 
p. 930 (1937); also 1938 Book of A.S.T.M. Tentative Stand- 
ards, p. 983. 


(Note) 
Across fiber grain.—Minimum, 15 

(Note) 

Pliability at 77 F. (25 C.).—At least 8 ou 
10 strips shall not crack when bent 90 cas 
uniform speed over a rounded corner of } 
radius. 


10 1936 Book of A.S.T.M. Standards, Part II, p-! 
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Saturant in Moisture-Free Felt.—Minimum, 
140 per cent by weight. 

Note.—If samples fail to comply with the 
requirements for breaking strength immediately 
after sampling, a retest shall be made upon test 
specimens which have been suspended in free air 
at laboratory temperature for 72 hr. Material 
shall be accepted or rejected upon the basis of 
this retest. 


+1 Ib. 


TABLE I. —ANALYSIS OF LET TER Bi BALLOT | VOTE. 


I. New TENTATIVE STANDARDS 


pec. for Asphalt Mastic for Use in Waterproofing (Asphalt Cement, 
Wineral Filler, Mineral Aggregate), to replace Specifications D 169, 
D 223, and D 491 
Recommended Practice for Accelerated Weathering Test of Bituminous 


On BituMINOUS WATERPROOFING AND ROOFING MATERIALS © 


(b) Gross Weight per Roll.—40 to 80 Ib. 

(c) Weight of Wrapping and Packing Ma- 
terial per Roll.—Maximum, 3 |b. 

(d) Weight of Material per 100 sq. ft. 
clusive of Packing and Wrapping.—14 lb. 


(e) Loss on Heating at 105° C. (221° F.) for 
5 hours.—Maximum, 2 per cent. 
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Ex- 


II. Revisions or TENTATIVE STANDARDS 


Spec. for Woven Cotton Fabrics Saturated with Bituminous Substances 
Spec. for — t inal Use in Come Built-Up Roof Coverings 


312 - RT 


III. TENTATIVE REVISIONS OF STANDARDS 


Spec. for Coal-Tar Saturated Roofing Felt for Use in Waterproofing and 


in Constructing Built-Up Roofs (D 227 - 27) 


Spec. for Asphalt-Saturated Asbestos Felt for Use in Constructing Built- 


Standard Specifications for Asphalt-Satu- 
rated Asbestos Felt for Use in Construct- 
ing Built-U p Roofs (D 250 - 27):"' 


Title—Add the words “in Water- 
proofing and” after the word “Use.” 


Section 1.—Change to read as follows 
vy the addition of the italicized words: 


1. These specifications cover asphalt-satu- 
rated asbestos felt, either 32 or 36 in. in width, 
omposed of asbestos felt saturated, but not 
coated, with asphalt, for use in the membrane 
‘ystem of water proofing and in the construction of 
vuilt-up roofs. 


Section 7.—Change from its present 
namely, 


_ 1. The fabricated bituminized felt shall con- 
‘om to the following requirements: 
(0) Width of Roll.—Fither 36 or 32 in., as 
may be specified, +} in. 


36 Book of A.S.T.M. Standards, Part II, p. 1120. 


(f) Pliability at 77° F. (25° C.).—Shall not 
crack when bent through 180 deg. over a 
?s-in. mandrel. 

(g) Saturant in Moisture-Free Felt. 
mum, 50 per cent by weight. 


Mini- 


to read as follows: 


7. The fabricated bituminized felt shall con- 
form to the following requirements: 

Width of Roll.—FEither 36 or 32 in., as may 
be specified, +} in. 

Area per Roll.—Minimum, 324 sq. ft. 

Weight of Material per 100 sq. ft. Exclusive 
of Packing and Wrap ping.—Minimun, 14 lb. 

Loss on Heating at 105 C. (221 F. ) for 5 hr 

Maximum, 5 per cent. 

Pliability at 77 F. (25 C.).—At least 8 out 
of 10 strips shall not crack when bent 90 deg. 
at a uniform speed over a rounded corner of 
$-in. radius. 


IV. REVERSION OF STANDARDS TO 


TENTATIVE 


In its 1938 annual report’? Committee 
D-8 recommended that the following 


| Ballots 
Affirmative Negative Marked 
“Not Voting”’ 
36 0 3 

32 0 7 
35 1 3 
30 0 9 


12 Proceedings, Am. Soc. Testing Mats., Vol. 38, Part I, 


p. 418 (1938). 
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standards be reverted to tentative, 
such recommendation to become effec- 
tive in 1939. This change in status 
will accordingly be made this year to- 
gether with certain editorial changes, as 
indicated below: 


Standard Specifications for Bituminous Grout 
for Use in Waterproofing Above Ground 
Level (D 170 — 25), in Section 3 (a) reference 
to obsolete Specifications D 144 replaced by 
reference to Type B asphalt in Specifications 
D 449, and in Section 3 (b) reference to ob- 
solete Specifications D 42 and D 200 replaced 
by reference to Type A pitch in Specifica- 
tions D 450; 


Standard Specifications for Bituminous Grout 
for Use in Waterproofing Below Ground Level 
(D 171 — 25), in Section 3 (a) reference to 
obsolete Specifications D 40 replaced by ref- 
erence to Type A asphalt in Specifications 
D 449, and in Section 3 (b) reference to ob- 
solete Specifications D 42 and D 200 replaced 
_ by reference to Type B pitch in Specifica- 
tions D 450; and 


Standard Methods of Testing Bituminous Mas- 
tics, Grouts and Like Mixtures (D 147 — 27): 
Section 7.—Change from its present form: 

namely, 

7. The benzol solution containing the asphalt 
shall be evaporated to a thick viscous liquid on 
a steam or water bath, then transferred to a 
steam oven at 105 C. (221 F.) until its weight is 
nearly equal to the percentage of asphalt calcu- 
lated in accordance with Section 5. It shall 
then be transferred to a hot plate and heated 
carefully with stirring at a temperature not ex- 
ceeding 121 C. (250 F.) until its weight is exactly 
that determined in accordance with Section 6. 


18 1936 Book of A.S.T.M. Standards, Part II, pp. 1127, 
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to read as follows: 


7. Until standard methods are available, re. 
covery and preparation for test of the bitu- 
minous matter soluble in pure benzol extracted 
from asphalt mastics and grouts shall be made 
according to the procedure described in the 
paper “Method and Apparatus for the Recovery 
of Asphalt.’’¢ 


@ Gene Abson, ‘‘Method and Apparatus for the Re- 
covery of Asphalt,’’ Proceedings, Am. Soc. Testing Mats. 
Vol. 33, Part II, p. 704 (1933). 

V. STANDARD CONTINUED WITHOUT 


REVISION 


The committee has reviewed the 
Standard Method of Test for Steam 
Distillation of Bituminous Protective 
Coatings (D 255 - 28) which has re- 
mained without revision for a number 
of years and approves retaining this 
standard in its present form. 


The recommendations appearing in 
this report have been submitted to letter 
ballot of the committee which consists 
of 59 voting members; 39 members 
returned their ballots, with the results 
shown in Table I. 


This report has been submitted t 
letter ballot of the committee which con- 
sists of 59 voting members; 39 members 
returned their ballots, of whom 37 have 
voted affirmatively and 0 negatively. 


Respectfully submitted on behalf of 
the committee, 
J. M. WEIss, 
Chairman. 
Prevost HUBBARD, 
Secretary. 


EDITORIAL NOTE 


Subsequent to the annual meeting Committee D-8 presented to the Society 
through Committee E-10 on Standards a proposed revision of the Tentative 
Specifications for Primer for Use with Asphalt in Dampproofing and Water- 


proofing Below and Above Ground Level (D 41 — 36 T). 


This recommenda- 


tion was accepted by Committee E-10 on August 24, 1939, and the revised 


Part II. 


tentative specifications appear in the 1939 Book of A.S.T.M. Standards, 
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Committee D-9 on Electrical In- 
sulating Materials held two meetings 
during the year and will hold a third 
during the annual meeting of the 
Society in June, 1939, in Atlantic City, 
N. J. The meetings were held in No- 
vember, 1938, and March, 1939, with an 
average attendance of 71 members and 
20 visitors. The subcommittees which 
are responsible for specific work have 
been very active during the year and 
considerable progress has been made. 
Several projects have reached the stage 
where definite recommendations have 
been made resulting in additions or 
changes in the standards for which Com- 
mittee D-9 is responsible. There are 
also a number of other projects still 
under way which are mentioned briefly 
later in this report. 

A joint meeting of the Advisory Com- 
mittees of Committee D-9 and Com- 
mittee D-20 on Plastics was held during 
the year. At this meeting the com- 
plete program of work of each committee 
was discussed, and in several projects 
it was found that there would probably 
be a duplication of work. In an effort 
'o minimize duplication, it was agreed 
to interchange the minutes of the two 
committees. 

_ Subsequent to the 1938 annual meet- 
ing, Committee D-9 presented to the 
society through Committee E-10 on 
standards a revision of the Tentative 
Methods of Testing Sheet and Plate 
Materials Used in Electrical Insulation 
D 229 - 38 T), a revision of the Tenta- 


fh 
REPORT OF COMMITTEE D-9 
ON 
ELECTRICAL INSULATING MATERIALS 


@ 


tive Method of Testing Pin-Type, Lime 
Glass Insulators (D 468-37T), and 
recommended the withdrawal of the 


Tentative Method of Test for Saponifica- 


tion Number of Electrical Insulating 
Oils (Modified Baader Method) 
(D 438 -36T). These 


on August 25, 1938, and the two tenta- 


tive methods in their revised form ap-_ 


pear in the 1938 Proceedings.? 7 


RECOMMENDATIONS AFFECTING 
STANDARDS 

As a result of the year’s work, Com- 
mittee D-9 is presenting revisions of 
three tentative standards, and is recom- 
mending the adoption as standard of 
three tentative standards and tentative 
revisions of three existing standards; 
also tentative revisions in three new 
standards are submitted. The recom- 
mendations being presented are in- 
cluded in detail in Appendix I, each 
proposed revision being accompanied 
by a brief explanation of the reason 
for the revision together with data 
indicating the scope of the investiga- 
tions substantiating the recommenda- 
tions. The standards affected are listed 
in Table I. 

Committee D-2 on Petroleum Prod- 


1 In submitting these recommendations to Committee 
E-10 on Standards, Committee D-9 reported the following 
results of the letter ballot vote from a committee member- 
—: of 88: D 229 - 38 T, ballots returned 46, affirmative 27, 

— 0, ballots marked “not voting” 19; D 468 - 38 T, 

lots returned 49, affirmative 18, negative 3, ballots 
poe ‘not voting” 28; D 438 - 36 T, ba lots returned 45, 
affirmative 26, negative 0, ballots marked “not voting”’ 19. 

2 Proceedings, Am. Soc. Testing Mats., Vol. 38, Part I, 
pp. 1046, 1037 (1938); also 1938 Book of A.S.T.M. Tentative 
Standards, pp. 1181, 1140. 
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ucts and Lubricants is recommending a Subcommittee I on Insulating Var. Sub 
revision? of the Tentative Methods of mishes, Paints, and Lacquers (C. F, 
Test for Saponification Number Hanson, Chairman).—Work is still in 
(D 94-38 T) which methods are under progress in an attempt to develop a 
the joint jurisdiction of Committees suitable method for determining the set 
D-2 and D-9. Committee D-9 wishes time of phenolic resins. aheali 
to record its concurrence with this recom- The subject of impregnating varnishes durin 
mendation. has been reported upon in the last five a 

The recommendations have been sub- or six years and the work is still in velope 
mitted to letter ballot of the committee progress with a view to developing an wad 
which consists of 92 voting members, the apparatus and testing procedure for expect 
results being given in Table I. determining the impregnating proper- one | 
TABLE I.—ANALYSIS OF LETTER BALLOT VOTE. metho 
The 


“Not Voting” been 
I. Revisions or TENTATIVE STANDARDS pected 


Mater? 
A proj 
measu 
has be 


Items Affirmative | Negative 


Test for Dielectric Strength of Insulating Materials, at Commercial Power metho 
Frequencies (D 149 38 T) 
Spec. | Black Bias-Cut Varnished Cloth T ape Used for Electrical Insula- lor act 

tion (D 373 - 37 T) | 
Testing Pin-Type, Lime Glass Insulators (D 468 - 38 . REL nual ny 


If. ApopTion oF TENTATIVE STANDARDS AS STANDARD The 


Testing Sheet and Plate Materials Used in Electrical Insulation (D 229 - = 
38 T) ube 

Testing Laminated Tubes Used in Electrical Insulation (D 348 - 38 T).. 

Testing Laminated Round Rods Used in wenenanens Insulation ws 349 - Rods 
35 T), as revised 5 Metho 


III. TENTATIVE REVISIONS OF STANDARDS tube rn 
‘Testing Sheet and Plate Materials Used in Electrical Insulation (D 229 - 39). 1 of me 


Testing Laminated Tubes Used in Electrical Insulation (D 348 - 39) 
Testing Laminated Round Rods Used in Electrical Insulation (D 349 - 39) .. 0 mende 


IV. Apoption As STANDARD OF TENTATIVE REVISIONS OF STANDARDS elsewh 
Testing Molded Materials Used for Electrical (D 48 1 condit 


Methods of Testing Electrical Porcelain (D 116 - 34) ee 0 trical 
Methods of Testing Pasted Mica Used Electrical Insult ation (D 352 - 36). 0 } Hical | 


ACTIVITIES OF SUBCOMMITTEES ties and the internal drying of saturating scale ) 
varnishes. grades 
An inter-laboratory test is under wa) is bein 
with a view to developing a standard §  hardne 
method of test for determining resistance the R 
of varnishes ‘to acid, alkalies, and sea larger 
water. Test 
The subject of drying time of varnish Rocky 

is still active. Attention is being given and th 
to the development and procurement of fF been ; 
suitable ovens of two different types. Rockw 
One type of oven would be used for § tion of 
obtaining the drying time of baking Jf ate bej 
nomena varnishes and the other type would be Ani 
+ This revision was accepted by the Society and has used for obtaining the dryi ing time of alt- Sultabi 


been incorporated in the methods which appear in the 
1939 Book of A.S.T.M. Standards, Part III. drying varnishes. means 


Since a large part of the work of the 

subcommittees consists of obtaining 
data and studying results, it is only 
possible in one year to submit definite 
recommendations on a small portion of 
the work. It is felt desirable to men- 
tion briefly some of the other projects 
which have engaged the attention of the 
subcommittees, but which as yet have 
not reached the stage where definite 
recommendations have resulted. 


* 
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Subcommittee II on Molded Insulating 


F. Materials (W. A. Evans, chairman).— 
in 4 proposed tentative method of test for 
4 § measuring shrinkage from mold size 
set has been prepared and is expected to be 
submitted to the committee sometime 
1S during the year. 
os Three standard molds are being de- 
1 § veloped to be used for producing bar 
an § and disk specimens. These designs are 
for B expected to be completed during this 
€t- year for inclusion in the various test 
methods. 
: The tracking test method which has 
been under development is now prac- 
-- tically complete and the results are ex- 
pected to culminate in a new tentative 
method which will probably be ready 
for action by the committee at the an- 
nual meeting. 
The work on conditioning of thermo- 
plastic test specimens is being continued. 
Subcommittee III on Plates, Tubes, and 
Rods (Dean Harvey, chairman). 
Methods of conditioning sheet, rod, and 
tube materials to insure reproducibility 
of mechanical tests are being recom- 
mended for adoption as mentioned 
elsewhere in this report, and methods of 
conditioning the same materials for elec- 
irical tests are now being developed. 
— The Rockwell hardness test using 
ting sale M is not satisfactory for the softer 
grades of stiff sheet materials, and work 
way is being done to determine the limiting 
dard hardness below which should be used 
ance @ the R scale Rockwell test in which a 
| sea ff larger ball penetrator is employed. 
Tests showing the relation between 
nish ff Rockwell hardness of heated specimens 
riven and the actual punching qualities have 
nt of teen made to determine whether the 
ype Rockwell test can be used as an indica- 
1 for lon of punching quality, and the data 
king are being summarized. 
id be An investigation has been made of the 
ff alr- ‘uitability of eleven different tests as a 


means of checking product uniformity 
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by several laboratories on paper-base 
phenolic laminated sheets, purposely 
varied in the manufacturing process. 
The data are being studied. Similar 
tests are planned for fabric-base sheets. 

Proposed specifications for phenolic — 
laminated tubes for radio use have been 
prepared and distributed for comment. 

Test work is under way on a proposed 
method of test for power factor of phe- 
nolic laminated sheets parallel to lamina- 
tions. Methods of testing vulcanized 
tubing are also under consideration. 

An investigation is being made of a 
method of testing electrical insulating 
materials for tracking resistance which 
has been proposed by the Association of 
Edison Illuminating Cos. 

Subcommittee IV on Insulating Mineral 
Oils (E. A. Snyder, chairman).—A re- 
vised program has been outlined on the 
development of a suitable sludge accu- 
mulation test for insulating oils, and an 
oxidation test under pressure is also” 
being investigated. Samples of oil to be 
used in these tests are now in the hands © 
of several laboratories. 

Work is being done in connection with 
the preparation of an evaporation test, 
and samples have been forwarded to- 
several laboratories. The round-robin © 
tests for power factor, dielectric con- 
stant, and resistivity are being con-— 
tinued. 

The present work on gas content of — 
oil indicates that temperature affects the 
gas content; therefore, a further study 
will be required. 

The dielectric strength test procedure 
is being revised and will be presented — 
during the year. Additional work is to’ 
be undertaken in connection with the 
preparation of the test specimen and 
momentary discharges. 

A new section has been created which 
is to revise the scope of the sub-com-_ 
mittee. Several recommendations have 
been presented which include the follow-_ 
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ing: (1) Confine its activities to liquid 
insulation, (2) Utilize the same methods 
for all liquid insulation wherever possi- 
ble, and (3) Not to include in its present 
work treated or composite materials. 
The new section is planning to include 
in its study test methods for liquid in- 
sulation in which the liquid is derived 
from sources other than petroleum oils. 

As a result of power factor measure- 
ments in several laboratories certain 
requirements of the cells have been found 
necessary. These requirements are giv- 
en in Appendix II. 

Subcommittee IV is continuing as 
tentative the revision of the Standard 
Methods of Testing Electrical Insulating 
Oils (D 117 — 36), dealing with the deter- 
mination of color of insulating oils. 
This revision refers to the Tentative 
Method of Test for Color of Lubricating 
Oils by Means of A.S.T.M. Union 
Colorimeter (D 155 — 38 T), which meth- 
od is being revised by Committee D-2 
this year. 

Subcommittee V on Ceramic Products 
(Porcelain, Glass, etc.) (L. E. Barringer, 
chairman).—The study of measurements 
of power factor and dielectric constant 
of titania ceramic bodies is being con- 
tinued, also the preparation of methods 
for the testing of steatitic ceramic bodies. 
There is also under consideration the 
adoption of a porosity test by the dye 
penetration method. The method under 
consideration is that being revised by the 
National Electrical Manufacturers Asso- 
ciation and the American Institute of 
Electrical Engineers. 

A round-robin series of tests which has 
been under way in several laboratories 
is nearing completion. These tests in- 
clude power factor and dielectric con- 
stant measurements on samples of five 
different glasses. The range of fre- 
quency originally outlined covered 60 
cycles to 1 megacycle, but has now been 
extended to 20 megacycles. 
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The Section on Glass Insulators js 
considering the advisability of preparing 
methods for testing low-expansion glass 
insulators and methods to be used for 
secondary racking spools. 

Subcommittee VII on Electrical Tests 
(J. A. Scott, chairman).—The round- 
robin tests of power factor of oil samples, 
using the Committee D-9 cell, are stil] 
being carried out. Plans are being 
made to circulate a standard capacitor 
with a shielded series resistor to secure a 
comparison of the accuracy of the 
measuring equipment. 

The round-robin tests of power factor 
of mica flakes are being continued, and 
the method is giving satisfactory results. 
Work on bakelite disks and on laminated 
materials measured parallel to the lami- 
nations is being continued. It is 
planned to give further study to the 
effect of moisture causing increased 
power factor at low frequencies. 

Round-robin tests of the measurement 
of power factor at ultra high frequencies 
are being carried out on Styrene, My- 
calex, hard rubber, and phenolic lami- 
nated materials. 

Work at the National Bureau oi 
Standards has led to further refinement 
in the calculation of edge effect in the 
measurement of power factor when un- 
guarded electrodes are used. The te- 
sults of this work are being presented as 
a revision of the Tentative Methods of 
Testing Electrical Insulating Materials 
for Power Factor and Dielectric Con- 
stant (D 150 36 T). 

The Tentative Methods of Test for 
Conducting Paths in Electrical Slate 
(D 273 —- 36 T), has been ona tentative 
basis for three years without revision; 
however, the subcommittee recommends 
that it continue as tentative. ’ 

The Tentative Method of Test lor 
Comparing the Thermal Conductivities 
of Solid Electrical Insulating Materials 
(D 325 - 31 T), has remained as tenta- 
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tive for eight years; however, since 
there is little use for this method the 
subcommittee recommends that it con- 
tinue as tentative. It is proposed to 
survey the usage of this method during 
ests @ the coming year. 


ind- Subcommittee VIII on Insulating Pa- 
les, pers and Fabrics (Treated and Untreated) 
still | (R. W. Chadbourn, chairman).—Divi- 


‘ing sion on Untreated Paper has developed 
itor | method for determining the rate of oil 
rea ff penetration in insulating papers and is 
the § revising the method for the determina- 

tion of conducting paths. Attempts to 
ctor § interest the Institute of Paper Chemistry 
and § in undertaking the investigation of the 
ults. fF problem of extraction of the acid in 


ated ff paper have been fruitful, and the Insti- 
ami- § tute has finally agreed to sponsor such a 
is Bf research. The problem of coordination 
* of activities of the Technical Association 
ased 


of the Pulp and Paper Industry, Com- 
mittee D-6 on Paper and Paper Prod- 
ucts, and Subcommittee VIII has been 
swlved by the appointment of a Joint 
My- § Committee on Paper Testing Methods, 


ami- composed of representatives from 

_ AP.P.I. and Committee D-6, to which 
1 Ol matters of difference will be referred, 
nent 


matters involving Subcommittee VIII 
the Bf being first referred to Committee D-6. 


| Un The Section on Thickness is continuing 
> te @& itsstudy of the dial micrometer and the 
newly developed machinist’s micrometer 
ds olf with controlled spring and in view of this 
rials the Tentative Methods of Test for 
Con- § Thickness of Solid Electrical Insulation 
are being continued as 
t for tentative. 
slate Division II on Treated Fabrics has 
ative # undertaken a canvass of the industry to 
sion; ff determine the extent of use of the exist- 
ends ing specifications for varnished cambric 
‘ape and to solicit criticisms thereof. 
for Correlation of A.S.T.M. specifications 
the new N.E.M.A. specifications 
= vill later be attempted. The Section on 
enta- 


Vanished Tubing is revising the test 
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methods and specifications for varnished 
tubing to include saturated sleeving. 
The tests at elevated temperatures are 
being materially revised. 

Subcommittee IX on Mica Products 
(M. P. Davis, chairman).—The round- 
robin tests for power factor and dielectric 
constant are being continued. Several 
laboratories have reported results, and 
samples and electrodes are being sent 
to other laboratories for test. The study 
of purchase specifications is being con- 
tinued. The preparation of color photo- 
graphic plates for use in the classifica- 
tion of mica is also being continued. A 
request has been received from the radio 
tube manufacturers relative to measure- 
ments of hole sizes and punched sheets. 

Subcommittee X on Conditioning 
(Robert Burns, chairman).—Work is 
being continued on a standard condi- 
tioning chamber, which will eliminate 
some of the variables now existing in the 
unusually wide choice of equipment and 


which will permit a higher degree of _ 


conformance between testing labora- 
tories. Progress has been reported on 
definitions and nomenclature, and a 
definition of ‘room temperature’ will 
probably be submitted during the year. 
A new section was created which is — 
aiding Committee D-20 on Plastics in > 
the selection of conditioning require-— 
ments for tensile and flexural strength 
tests. 
Special Subcommittee on Significance 
of Tests (Dean Harvey, chairman).—In | 
order to hasten the completion of other 
sections for the report on Significance of 
Tests of Electrical Insulating Materials,‘ 
each subcommittee has been asked to 
appoint a special group to study its 
present methods and to prepare a state- 
ment of the significance of these tests. 
In addition, the subcommittee is also 
preparing sections on several items. 


4 Proceedings, Am. Soc. Testing Mats., Vol. 37, Part 
I, p. 436 (1937); Vol. 38, Part I, p. 432 (1938). 
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_ This report has been submitted to Respectfully submitted on behalf , 
letter ballot of the committee which the committee, 

consists of 92 voting members; 59 mem- T. Smirn Taytor, 
bers returned their ballots, of whom 44 Chairman 
have voted affirmatively and 0 nega-_ E. J. RUTAN, 


EDITORIAL NOTE REC 
Subsequent to the annual meeting, Committee D-9 presented the recom- 
mendations listed below to the Society on October 7, 1939, through Committee I 
E-10 on Standards, all of which were accepted. The new methods were as- " 
signed the A.S.T.M. serial designations indicated. These and the new revised mend, 
tentative standards and tentative revisions of standards are published it in the and t 
1939 Book of A.S.T.M. Standards, Part III. trical 
New Tentative Methods of: referr 
Testing Secondary Glass Spool Insulators (D 550 — 39 T), and Cone 
Measuring Shrinkage from Mold Dimensions of Molded Materials Used refere 
for Electrical Insulation (D 551 — 39 T). the st 
Proposed Revision of Tentative Methods of Testing: REVI 
Varnishes Used for Electrical Insulation (D 115-38 T), | 
Electrical Insulating Materials for Power Factor and Dielectric Constant Tenta 
(D 150 - 36 T), Str 
Untreated Paper Used in Electrical Insulation (D 202 — 38 T), at 
Flexible Varnished Tubing Used for Electrical Insulation (D 350 — 38 T), (D 
Pin-Type, Lime Glass Insulators (D 468 — 39 T). : 
Proposed Tentative Revisions of Standard Methods of: | recom 
Testing Molded Materials Used for Electrical Insulation (D 48 — 39), and Sectio 
Test for Grading and Classification of Natural Mica (D 351 — 38) in the follow 
form of new Tentative Method of Test for Power Factor and Dielectric ; 
Constant of Natural Mica, to be added when adopted to the present Sea 
standard. fifth s 
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APPENDIX I 


RECOMMENDATIONS AFFECTING STANDARDS FOR ELECTRICAL 
INSULATING MATERIALS 


In this Appendix are given recom- 
mendations affecting certain standards 
and tentative standards covering elec- 
trical insulating materials which are 
referred to earlier in this report.' In 
connection with each title is given the 
reference to the publication in which 
the standard appears in its present form. 


REVISIONS OF TENTATIVE STANDARDS 


Tentative Methods of Test for Dielectric 
Strength of Insulating Materials, 
at Commercial Power Frequencies 
(D 149 —- 38 T):? 


Several minor changes are being 
recommended by Subcommittee VII in 
Section 3 on Electrical Apparatus, as 
follows: 

Section 3.—Change the fourth and 
fifth sentences of Paragraph (a) to read 
as follows by the addition of the italicized 
words and the omission of those in 
brackets: 


For test specimens of small capacitance, a 
esting transformer as small as 500 volt-ampere 
railing or a well-designed potential transformer 
may be adequate. For specimens of high 
pacitance, a transformer of [several] ample 

volt-ampere rating [may be necessary] 

be used. 


Following Paragraph (a) add a note 
to read as follows: 


Nore.—When a transformer is used at 
tages lower than its full rating, the current 


“see p. 451. 

* Proceedings, Am. Soc. Testing Mats., Vol. 38, Part I, 
M1 (1938); also 1938 Book of A.S.T.M. Tentative 

andards, p. 1063. 


drawn from the high voltage winding should not 
exceed the full-load full-voltage current rating. — 


(c) Voltage Control.—The rate of voltage rise — 
shall not, for short-time tests, vary more than 
plus or minus 25 per cent from the specified rate. 
Control of voltage may be secured in one of 
several ways: (/) generator-field regulation, 
(2) induction regulator, (3) variable-ratio auto- 
transformer, or (4) resistance-potential divider. 
In general, variable-ratio auto-transformers or 
resistance-potential dividers have better voltage 
time characteristics than induction regulators 
and furnish the most satisfactory means of 
regulation on constant potential sources of 
supply, where the volt-ampere demand is low. 
Motor drive, with variable speed control, should 
be preferred to manual drive because of the 
difficulty of maintaining reasonably uniform 
rate of voltage rise with the latter. 

Note.—A small variable auto-transformer, 
motor controlled, with automatic limit 
features, is described in the Appendix. 


Change Paragraph (c) from its present 
form: namely, 


to read as follows: 


(c) Voltage Control.—The rate of voltage rise 
shall not, for short-time tests, vary more than 
plus or minus 25 per cent from the specified 
rate. Control of voltage may be secured in one 
of several ways: (/) variable-ratio auto-trans- 
former, (2) resistance-potential divider, (3) 
generator-field regulation, or (4) induction 
regulator. Preference should be given to 
equipment having an approximately straight- 
line voltage-time curve over the desired operat- 
ing range. Motor drive, with variable speed 
control, should be preferred to manual drive 
because of the difficulty of maintaining reason- 
ably uniform rate of voltage rise with the latter. 
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Nortre.—A small variable auto-transformer, 
motor controlled, with automatic limit 
features, is described in the Appendix. 


Change the last sentence of Paragraph 
(d), and Paragraph (e) to read as follows 
by the addition of the italicized words 
and the omission of those in brackets: 


A voltmeter connected to the low-voltage 
side of the testing transformer [or to a tertiary 
coil] may be used only if the ratio of transforma- 


Cold-Rolled 
Steel 


S. Standard-~. 
Thread 


Inc 
Fic. 1. 


tion does not change appreciably with load 
[or if the voltmeter corrects or compensates for 
variations in load]. 

(e) Rate of Rise of Voltage [Rate Indicator].— 
The rate of voltage rise may be [determined by 
some such device as a “rate-of-rise” indicator 
or by measuring the] calculated from measure- 
ments of time required to raise the voltage 
between two prescribed values. When motor- 
driven regulating equipment is used, the speed- 
control rheostat may be calibrated in terms of 
voltage rise for any particular test transformer. 


> 
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Tentative Specifications for Black Bias- 
Cut Varnished Cloth Tape Used for 
Electrical Insulation (D 373 — 37 T):? 


Subcommittee VIII on Insulating 
Papers and Fabrics is recommending 
the elimination of Section 10 on Flexi- 
bility, because the requirement is not 
sufficiently well-defined and reproducible 
and in its present form unnecessarily 
handicaps the manufacturer. It is pro- 


Diameter at 
Small End 
Taper 


Note: Taper &'in 
biameter per Inch 
in Length 


Materia! 
“Flastuf Type 
Chromium Vanadium 
Stee/, Tensile Strength 
125 000 to 135 000psi., 
Brinell Hardness 
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Material 
Cast Lead 


. 
Taper jg in Diameter per Inch in Length 


Detail of Testing Pin and Cap. 


posed to substitute for this, after further 
study, a more accurate procedure. 

Section 10.—Omit this section which 
reads as follows, renumbering the sub- 
sequent sections accordingly: 


10. The varnish coating shall be flexible and 
shall not crack when the tape is doubled upo 


3 Proceedings, Am. Soc. Testing Mats., Vol. 37, Part | 
. 979 (1937); also 1938 Book of A.S.T.M. Tentat! 
p. 1051, 


itself ar 
finger. 

finger n 
while m 


Tentat 


Typ 
(D- 


Dur 
necess: 
change 
the Se 
recom! 
ard at 
now 
of incl 
expans 
or of 
such gl 
recomr 

Sect 
by the 

1. TI 
the test 


used for 
tion to I 


Secti 
change 
therme 
pin-ho! 

Secti 
section 
of test: 

Figu 
shows 
mecha 
compa 

Secti 
0 rear 
the ita 


The 
contain 
threadec 
prevent 
equired 
—, 


‘ Proce 
1037 


IN 
UU TZ 
Material 


rther 
vhich 


sub- 


| upon 


‘Part I, 
sntative 


7 _ RECOMMENDATIONS ON” STANDARDS FOR INSULATING MATERIALS 459 


itself and creased between the thumb and index 
fnger. Care shall be taken not to bring the 
fnger nails into contact with the tape surfaces 
while making the crease. 


Tentative Methods of Testing Pin- 
Type, Lime Glass _ Insulators 
(D 468 — 38 T):4 


During the past year it has been found 
necessary to make only several minor 
changes in these methods. However, 
the Section on Glass Insulators is not 
recommending their adoption as stand- 
ard at the present time because it is 
now considering the relative advisibility 
of including provisions for testing low- 
expansion glasses in the present methods 
or of writing a separate test method for 
such glasses. ‘The minor revisions being 
recommended at this time are as follows: 

Section 1.—Change to read as follows 
by the addition of the italicized words: 


1. These methods are intended to apply to 
the testing of pin-type, lime glass insulators 
used for primary and secondary power distribu- 
tion to 10,000 v. to ground, 


Section 3.—In the first sentence, 
change the order of the tests so that the 
thermal shock test precedes gaging for 
pin-hole formation. 

Sections 5 and 6.—Interchange these 
sections to conform to the revised order 
f tests in Section 3. 

Figure 1.—Replace this figure, which 
hows the detail of pin and cap for the 
mechanical strength test, by the ac- 
‘ompanying Fig. 1. 

Section 7.—Change the first sentence 

tead as follows by the addition of 
italicized words: 


the insulators shall be mounted on a lead 
ntaining not over 5 per cent antimony) 
readed steel pin (Fig. 1), with mounting 
milar to that shown, of sufficient strength to 
rent permanent deflection during the pull 
juired to fail the insulator. 


* Proceedings, Am. Soc. Testing Mats., Vol. 38, Part I, 
938); also 1938 Book of A.S.T.M. Tentative 
8, 


In the fourth sentence, change the 
specified speed of the testing machine 
from ‘0.050 in. per min.” to read “0.25 
in. per min.” 

Section 8.—In the heading and first 
sentence, change the words “dielectric 
strength” toread “dielectric breakdown.” 

Appendix IT.—In the title and opening 
paragraph change the words “dielectric 
strength” to read ‘dielectric break- 
down.” Wherever the words “dielectric 
strength” or “puncture” occur in the 
body of the appendix, add in parenthesis 
the words “dielectric breakdown.” The 
original phraseology is being retained in 
the body of the appendix as it is a 
quotation from an A.I.E.E. standard. 
ADOPTION OF TENTATIVE 

AS STANDARD 


STANDARDS 


Tentative Methods of Testing Sheet and 
Plate Materials Used in Electrical 
Insulation (D 229 - 38 T):° 


The committee recommends that these 
methods be approved for reference to 
letter ballot of the Society for adoption 
as standard, but submits the following 
revisions for publication as tentative: 

Section 4.—Add a new Section 4 to 
read as follows, renumbering the sub- 
sequent sections accordingly: 


4. Conditioning for Reproducibility (Note 1).— 
In order to eliminate the effect of previous his- 
tory of humidity exposure and to obtain repro- 
ducible results, the test specimens of flat sheet 
materials shall be given a conditioning treat- 
ment for physical (Note 2) tests as follows: 

(a) Impact Strength.—The machined speci- 
mens of all types of sheet, excepting cellulose 
esters, shall be conditioned prior to test by 
drying in an air-circulated oven at 50+ 3C. 
(122 + 5 F.) for 48 hr., followed by cooling to” 
room temperature in a desiccator containing 


calcium chloride or an approximate equivalent | 


drying agent for a period of not over 24 hr. 


for 96 hr. 


at the 50C. temperature. All 


§ Proceedings, Am. Soc. Testing wet Vol. 38, Part I 
- 1046 (1938); ‘also 1938 Book of A.S.T.M. Tentative | 
tandards, p. 1181. 
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cellulose ester specimens shall be star Al 
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specimens shall be tested at room temperature 
maintained at 25 + 8C. 

(b) Tensile, Flexural, Compressive, and Bond- 
ing Strengths, Rockwell Hardness, and Density.— 
The following conditioning treatment shall be 
used for the various types of materials, in each 
case cooling to room temperature in a desiccator 
following the conditioning. Specimens shall be 
kept in the desiccator until ready for test. 
Tests shall be made at room temperature main- 
tained at 25 + 8 C. except where closer limits 
are specified. 

Cellulose Esters.—All specimens conditioned 
for 96 hr. at 50 + 3 C. 

Hard Rubber, Phenolic Laminated and Other 
Sheets Bonded with Thermosetting Resins.—No 
conditioning of specimens except in case of 
dispute, in which case the specimens shall be 
conditioned for 48 hr. at 50+ 3C. 

Vulcanized Fiber, Pressboard, Other Cellulosic 
Boards, Asbestos Boards, Sheets with Non- 
Thermosetting Resinous Binders, and All Other 
Sheets Not Previously Included.—All specimens 
conditioned for 48 hr. at 50+ 3C. 

Norte 1.— Conditioning of specimens may be 
undertaken: (a) for the purpose of bringing the 
material into equilibrium with standard normal 
conditions, 25 C. and 40 per cent relative 
humidity; (6) simply to obtain reproducible 
results, irrespective of previous history of 
exposure; or (c) to subject the material to 
abnormal conditions of temperature or humidity 
in order to predict its service behavior. 

The conditions given here to obtain re- 
producible results may give physical values 
somewhat higher or somewhat lower than 
values under equilibrium at normal conditions, 
depending upon the particular material and test. 
To insure substantial equilibrium under normal 
conditions of humidity and temperature, how- 
ever, will require from 20 to 100 days or more 
depending upon thickness and type of material 
and its previous history. Consequently, con- 
ditioning for reproducibility must of necessity 
be used for general purchase specifications and 
product control tests. 

Notre 2.--Conditioning of specimens for 
electrical tests is also necessary to obtain con- 
sistent results. The procedure for such con- 
ditioning is under consideration by the com- 
mittee. In order to secure comparative results, 
specimens should be conditioned at the same 
temperature and humidity. 


Further changes in the method, neces- 
sitated by the above additions, are as 
follows: 

7 Delete Sections 6, 11 (a), and 37 (a) 


covering temperature of tests, Note 2 
under Section 17, Notes under Sections 
40 and 41 (d), and Section 42 (d). 
Add new Sections 16 (f) and 38 (c) 
to read: “The room temperature.” 
Section 43 (a).—Change from its 
present form: namely, 


43. (a) Fiber 0.020 in. or less in Thickness.— 
For vulcanized fiber 0.020 in. or less in thickness 
the specimen shall be dried in an oven for 2 hr 
at 105 to 110C. It shall then be weighed ona 
chemical balance accurate to 0.25 per cent 
The thickness shall be determined after drying 
The apparent density shall be calculated fron 
the thickness and the weight by means of the 
following formula: 


Apparent Density, _ Weight in grams eet 
Volume in cu. in. 
to read as follows: 


43. (a) Fiber 0.020 in. or less in Thickness 
For vulcanized fiber 0.020 in. or less in thickness 
the specimen after conditioning shall be weighed 
on a chemical balance accurate to 0.25 per cent 
The thickness shall then be measured and the 
apparent density calculated from the thickness 
and weight by means of the following formula: 


Apparent Density, _ wt. in grams 


g. per cu. cm. X 0.061 


vol. in cu. in. 


Section 53.—Change from its present 
form: namely, 


(53) The test specimens shall be conditioned 
for 24 hr. at 105 C. before test. 


to read as follows: 


(53) The test specimens shall be conditioned 
for 48 hr. at 50+ 3C. prior to test, followed 
by cooling to room temperature in a dessicator 
Tests shall be made at room _ temperature 
maintained at 25 + 8C. 


Tentative Methods of Testing Lami- 
nated Tubes Used in Electrical In- 
sulation (D 348 — 38 T):° 


The committee recommends that these 
methods be approved for reference 
letter ballot of the Society for adoption 


Proceedings, Am. Soc. Testing Mats., 38, Past | 
p. 1009 (1938); also 1938 Book of A.S.T.M. Tentati 
Standards, p. 1153. 
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as standard, but submits the following 
revisions for publication as tentative: 

Section 2.—Add a new Section 2 to 
read as follows, renumbering the sub- 
sequent sections accordingly: 


2. Conditioning for Reproducibility (Note 1). 
‘In order to eliminate the effects of previous 
history of humidity exposure and to obtain 
reproducible results, the test specimens of 
laminated tubes shall be given a conditioning 
treatment for physical (Note 2) tests as follows: 

(a) Diametrical Compressive Strength.—The 
machined specimens shall be conditioned prior 
to test by drying in an air-circulated oven at 
0+3C. (122 +5F.) for 48 hr., followed by 
cooling to room temperature in a desiccator. 
All specimens shall be tested at room tempera- 
ture maintained at 25 + 8 C. 

(b) Tensile and Axial Compressive Strength, 
Density.—No_ conditioning of specimens is 
required except in case of dispute, in which case 
the specimens shall be conditioned for 48 hr. at 
0+3C. 

NoTEs 1 AND 2. 


.061 


ness, 


See Notes 1 and 2 appearing 


we above in the proposed revision of Methods 
1 the D229. 


kness 


mend Tentative Methods of Testing Lami- 


nated Round Rods Used in Electrical 
Insulation (D 349 — 35 T):? 


Thecommittee recommends that these 
methods, revised as follows, be approved 
lor reference to letter ballot of the 
Society for adoption as standard: 

Since the 1-in. length now specified 
inthe test method is too long to permit 
the testing of material } in. in diameter 
or less, it is recommended that Section 
1} be changed from its present form: 


061 


esent 


tior 


tioned 


llowed 


icator. 
rature namely, 
13. Samples shall be tested as received in 
— ecmen lengths of 1 in. The ends shall be 
1b irately cut or ground square with the sides 
read as follows: 
these | 13. Samples shall be tested as received in 
‘pecimen lengths as follows: 
nce ‘ Diameter, In, Length 
1 in 
g, Part |, 
Tentative ‘roceedings, Am. Soc. Testing Mats., Vol. 35, Part I, 


126 (1935); also 1938 Book of A.S.T.M. Tentative 
indards, p. 1149, 
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For rods over 1} in. in diameter, specimens 
shall be 1-in. cubes cut from the rods so as to be 
representative of its cross-section both at the 
center and near the edges. 


The ends of the specimens shall be accurately 
cut or ground square with the sides. 

Section 15.—Add the following as a 
new Paragraph (0d), relettering the pres- 
ent Paragraphs (0b) and (c) as (c) and (d): 

(6) When 1-in. cube specimens are used, the 


dimensions and approximate location of each 
with reference to area of rod section. 


The following revisions of Method 
D 349, upon its adoption as standard, 
are accordingly submitted for publica- 
tion as tentative: 

Section 2.—Add a new Section 2 to 
read as follows, renumbering the sub- 
sequent sections accordingly: 


2. Conditioning for Reproducibility (Note 1). 

In order to eliminate the effects of previous © 
history of humidity exposure and to obtain — 
reproducible results, the test specimens of 
laminated rods shall in all cases of dispute be 
given a conditioning treatment for physical 
(Note 2) tests as follows: 

(a) Tensile, Flexural, and Compressive 
Strengths, and Density.—Prior to test the 
machined specimens shall be conditioned by 
drying in an air-circulated oven at 50+ 3C. 
(122 + 5 F.) for 48 hr., followed by cooling to 
room temperature in a desiccator. All speci-— 
mens shall be tested at room temperature 
maintained at 25+ 8C. 

Notes 1 AND 2.—See Notes 1 and 2 appearing 
above in the proposed revision of Methods 
D 229. 


Section 5,—Omit this section covering 
temperature of tests, renumbering the 
subsequent sections accordingly. 


ADOPTION AS STANDARD OF TENTATIVE 
REVISIONS OF STANDARDS 


Standard Methods of Testing Molded | 
Materials Used for Electrical In- 
sulation (D 48 37) :° 


The committee recommends that the 
tentative revision of these methods 


81937 Supplement to Book of A.S.T.M. Standards, 
p. 232. 
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published last year® covering changes in 
the dielectric strength test procedure be 
referred to letter ballot of the Society 
for adoption as standard. 


Standard Methods of Testing Elec- 
trical Porcelain (D 116 


The committee recommends that the 
tentative revision® of these methods 


® Proceedings, Am. Soc. Testing Mats., Vol. 38, Part I, 

pp. 1337, 1338 (1938); also 1938 Book of A.S.T.M. Ten- 

tative Standards, pp. 1703, 1704. 

10 1936 Book of MM. Standards, Part II, pp. 1178, 
216. 


+ 
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covering changes in the scope be referred 
to the Society for adoption as standard 


Standard Methods of Testing Pasted 
Mica Used in Electrical Insulation 
(D 352 36):'° 


The committee recommends that the 
tentative revision? of these methods 
covering changes in the procedure for 
determining stability under heat and 
pressure and the dielectric strength 
test procedure be referred to the Society 
for adoption as standard. 
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The electrical capacitance of the power 
factor cell when filled with a liquid to 
be tested shall be of such magnitude that 
power factor differences of the order of 
1X 10° may be detected on the bridge 
used. 

The design of the cell shall be such as 
to facilitate easy and thorough cleaning. 
The design, also, shall conveniently 
permit the use of the cell in a suitable 
temperature bath and means shall be 
provided for measuring the temperature 
of both electrodes. 

The materials used in constructing 
the cell shall be capable of satisfactorily 
withstanding temperatures up to 130 C. 
and the alignment of the electrodes 
shall not be influenced by this tem- 
perature. 

The electrodes or their surfaces shall 
be made of a metal capable of resisting 
attack by mild acids found in certain 
insulating liquids such as petroleum 
oil, particularly after prolonged expo- 
sure at elevated temperatures. Metals 

hich have been found satisfactory from 

is standpoint are gold, nickel, monel, 
| platinum. In general, plated sur- 
es have been found less satisfac- 
than solid metal electrodes for 
easuring low power factor liquids. 
Plated surfaces that may be satisfac- 
ty for testing liquids with low acidity 

d for short periods of time are gold, 

itinum, nickel, chromium over nickel, 

t rhodium. 

\ guard electrode shall be provided 

(shall completely surround the meas- 


APPENDIX II 


REQUIREMENTS FOR CELLS USED FOR MEASURING LOW POWER 
FACTOR LIQUIDS 


uring electrode except at the measuring 
surface. A shielded wire or coaxial 
cable shall be used to connect the guard 
and measuring electrode either directly 
or by a plug to the bridge. 

The gap between the measuring 
electrodes and the guard shall be free 
of solid insulation. (Insulation in this 
space has been found undesirable both 
because of the difficulty in making it 
sufficiently tight to prevent contamina- 
tion from one measurement to another 
and because of an effect due to dielectric 
loss variations in the guard gap region.) 

The insulating materials used in con- 
structing the cell shall not absorb or be 
adversely affected by the test liquids, or 
cleaning solvents. Their power factor 
is preferably low, particularly that 
between the guard and high-voltage 
electrodes, otherwise difficulty may be 
experienced in balancing the guard 
circuits at elevated temperatures. In- 
sulating materials that have proven 
satisfactory are pyrex glass, quartz, 
steatite, and the better phenolic resin 
compounds. ‘Thermoplastic materials 
such as hard rubber and polystyrene, 
although having good electrical proper- 
ties, are not suitable as they soften 
below130C. Insulating materials of the 
molded mica-dust type have been found 
to absorb solvents and therefore may 
not be satisfactory in the measurements 
of low power factor liquids. However, 
they are excellent materials for sup- 
porting the cell in the temperature bath. 

In designing the cell the distance 
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across the surface of the oil and across 
the solid insulating material, between 
the guard and the high voltage electrode, 
shall be great enough adequately to 
withstand the testing potential used. 


il 


PHENOLIC 
INSULATION 


SILICEOUS 
INSULATION 


HEATER 


-Power Factor Cell With Heater. 


Fie. 1. 


Leakage across these paths has been 
found to produce an unsteady bridge 
balance on some bridges. 

A cell and heater bath design that is 
available and used successfully by sev- 
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eral testing laboratories is shown in 


Fig.1. Itsvolumeis8ml. The voltage 
limit is 1000 v. and the capacitance with 
oil having a dielectric constant of 2.2 
is about 60 pyf. 

For routine work cells on the same 
design principles, with particular atten- 


SILICEOUS 
INSULATION 


— 
| 
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Fic. 2.—Power Factor Cell. 


tion to quickness of assembly and suit- 
able for higher voltages may be desir- 
able. Several laboratories use cell de- 
signs similar to Fig. 2 which are com- 
mercially available. This design re- 
quires about 90 ml. of oil and is suitable 
for use up to 3 kv., the capacitance 
with oil being about 180 yuf. 
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RUBBER PRODUCTS 


Committee D-11 on Rubber Products 
has been very active during the year and 
has made considerable progress in its 
standardization work although only one 
meeting has been held since the one dur- 
ing the 1938 annual meeting. This was 
in Columbus, Ohio, on March 8, 1939, 
in connection with the spring group 
meetings of A.S.T.M. committees. 

During the year there have been a 
number of changes in the personnel of 
the committee. P. L. Wormeley of the 
National Bureau of Standards, who was 
one of the original organizers of the com- 
mittee and a member of the Advisory 
Committee, found it necessary to resign 
from active membership but, in response 
to unanimous request, has consented to 
continue his association as a consulting 
member. W. E. Emley, however, is 
now actively representing the National 
Bureau of Standards on the committee, 
replacing Mr. Wormeley on the Advisory 
Committee. 

New members of the committee in- 
clude: R. J. Allen, Worthington Pump 
and Machinery Corp.; C. F. Bullard, 

Eastman Kodak Co.; Ralph T. K. Corn- 
well, Sylvania Industrial Corp.; H. P. 
Hagedorn, Bureau of Engineering, City 
i Chicago; W. F. Markley, Western 
Union Telegraph Co.; G. W. Oxley, 
Standard Oil Development Co.; G. L. 
Roberts, United Carbon Co.; P. S. Vor- 
melker, Aetna Rubber Co.; Fred 
Wehmer, Minnesota Mining and Manu- 
facturing Co.; H. P. Hass has replaced 
T. Quinlan as representative of the 
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New York, New Haven, and Hartford 

Railroad Co.; and G. E. Hopkins, of 

the Bigelow Sanford Carpet Co., has 

resigned. 

Subsequent to the 1938 annual meet- 
ing, Committee D-11 presented to the 
Society through Committee E-10 on 
Standards the following recommenda- 
tions: 

New Tentative Method of Test for Resistance 
to Light Checking and Cracking of Rubber 
Compounds (D 518 - 38 T), 

Revision of Tentative Methods of Testing Rub- 
ber Insulated Wire and Cable (D 470 — 38 T), 

Tentative revision of Standard Methods of 
Chemical Analysis of Rubber Products 
(D 297 — 38), and 


Tentative revision of Standard Method of Test 
for Hardness of Rubber (D 314 — 34). 


The new Methods of Test for Resist- 
ance to Light Checking and Cracking 
(D 518 ~ 38 T) are part of the program 
referred to in the 1938 annual report! for 
standardizing methods for light tests of 
rubber. These deal only with sunlight 
aging and incorporate procedures re- 
duced to standard form covering the 
present usual practice. It is expected 
later to extend this work to include tests 
using artificial light. The revisions of 
the Methods for Testing Rubber Insu- 
lated Wire and Cable (D 470 - 38 T) 
were also discussed in last year’s annual 
report! and provide for the separation of 
the test methods from the actual wire 
specifications. ‘The tentative revision of 


1 Proceedings, Am. Soc. Testing Mats., Vol. 38, Part I, 


pp. 447, 449 (1938). 
a 


ee 
ith e 
4 = 


466 Report oF ComMMItTTEE D-11 , 


the Standard Methods of Chemical 
Analysis (D 297 — 38) covers a change 
in value for specific gravity of rubber 
hydrocarbon from “0.94” to “0.92” 
since the latter is considered to be a 
more accurate average value for use in 
calculations. The tentative revision of 
the Standard Method of Test for Hard- 
ness of Rubber (D 314 - 34) gives a 
definite sequence of operation of apply- 
ing the pressure foot and indentor of the 
test instrument. This change has be- 
come necessary in order to assure uni- 
form procedure when using different 
designs of instruments, all of which 
comply with the requirements of the 
method and have now become available. 
These recommendations were accepted? 
by Committee E-10 on August 25, 1938, 
and appear in the 1938 Proceedings.* 


I. New TENTATIVE STANDARDS 


Tentative Specifications for Rubber 
Sheath Compound for Electrical Insulated 
Cords and Cables.—These specifications 
have been developed by Subcommittee V 
on Insulated Wire and Cable in order 
to provide standards for tough rubber 
sheath compounds for use on portable 
cords and cables. The need for such 
specifications has been discussed in pre- 
vious reports but their development was 
retarded because of difficulty in finding 
suitable tests to measure resistance of 
the rubber sheath to abrasion and tear- 
ing. It is to be noted that these speci- 
fications include requirements covering 
age deterioration and resistance to tear, 
although the question of resistance to 
abrasion has had to be omitted for the 
present except as indirectly covered by 


2 In submitting these recommendations to Committee 
E-10 on Standards, Committee D-11 reported the follow- 
ing results of the letter ballot vote of a total of 56 bal- 
lots returned from a committee membership of 102: 
D 518 — 38 T, affirmative 48, negative 0, ballots marked 
“not voting’”’ 8; D 470 — 38 T, affirmative 40, negative 0, 
ballots marked ‘‘not voting’’ 16; D 297 - 38, affirmative 
51, negative 0, ballots marked “not voting” 5; D 314 - 34, 
afhirmative 48, negative 0, ballots marked ‘‘not voting’’ 8. 

3 Proceedings, Am. Soc. Testing Mats., Vol. 38, Part I, 
pp. 1139, 1127, 1332, 1333 (1938); also 1938 Book of 
A.S.T.M. Tentative Standards, pp. 1355, 1386, 1698, 1699. 


requirements for minimum _ tensile 
strength. In presenting these specifica- 
tions the committee is aware that in 
their proposed form they still do not 
completely and adequately cover this 
test problem. It is believed, however, 
that the need for the specifications is so 
great as to justify their acceptance for 
publication as tentative; the specifica- 
tions represent the best practice it is 
possible to submit in the present state of 
theart. Itis expected that further work 
will be done looking toward improve- 
ment of these specifications, the results 
of which will be presented as revisions 
when they become available. The com- 
mittee accordingly recommends that the 
new Specifications for Rubber Sheath 
Compound for Electric Cords and Cables 
be accepted for publication as tentative. 

Tentative Methods of Testing Hard 
Rubber Products—-These methods have 
been developed by Subcommittee XXIII 
on Hard Rubber and are intended to 
provide a recommended procedure in 
standard consolidated form for testing 
all sorts of products made from the ma- 
terial ordinarily classed as “hard rub- 
ber.”” This material is understood to 
refer to vulcanized rubber compositions 
having a ratio of combined sulfur t 
rubber hydrocarbon in excess of 15 per 
cent. In general, the test methods used 
for soft, flexible rubber products are 
not suitable for use with this hard in- 
elastic material, and separate test pro- 
cedures are therefore required. The 
proposed tentative methods _ include 
reference to applicable procedures for 
chemical analysis as well as detailed 
descriptions of tests for both physical 
and electrical properties. The com- 
mittee recommends that the new Meth- 
ods of Testing Hard Rubber Products be 
accepted for publication as tentative." 


4 These specifications were accepted as tentative by t 
Society and appear in the 1939 Book of A.S.T.M. Stane 
ards, Part III. 

‘These methods were accepted as tentative by the - 
ciety and appear in the 1939 Book of A.S.T.M. Standards 


Part IIT. 
6 See Editorial Note, p. 475. _ ; 
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Tentative Method of Test for Inden- 
lation of Rubber by Means of Pusey 
and Jones Plastometer.—This tentative 
method has been prepared by Sub- 
committee XVII on Rubber Products 
for Absorbing Vibration to provide a 
standard procedure for use of the Pusey 
and Jones plastometer in measuring 
the indentation of vulcanized rubber 
compounds. The use of the word 
“hardness” has purposely been avoided 
in the method to prevent confusion with 
the present Standard Method of Test for 
Hardness of Rubber (D 314 — 34). The 
Pusey and Jones method is very gener- 
ally in use in the paper industry in con- 
nection with rubber-covered rolls and 
similar products and has also found wide 
application in other fields, being required 
in many specifications promulgated by 
the Federal Government. While it 
might be considered desirable for pur- 
poses of standardization to try to induce 
all users of indentation tests to follow 
the present Standard Method D 314, 
this does not seem practical at the pres- 
ent time in view of the familiarity in 
some industries with the use for many 
years of the Pusey and Jones instrument. 
Since it is recognized that this instru- 
ment will continue to be used and, in 
some cases, has certain advantages, it 
tas seemed desirable to the committee to 
provide a standard procedure for con- 
ducting tests employing it. The com- 
mittee therefore recommends that the 
Method of Test for Indentation of Rub- 
xt by Means of Pusey and Jones 
Plastometer be accepted for publication 
tentative.® 


II. REvIsIONS OF TENTATIVE 


STANDARDS 


The committee is proposing revisions 
'lour tentative methods of test and 
tentative specifications as indi- 
ated below, and recommends that as 
revised they be continued as tentative. 
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Tentative Methods for Testing Flat Rub- | 
ber Belting (D 378 — 38 T)7 


Section 3 (c).—Change this section to 
provide for the use of a 3-oz. load in 
place of a 9-o0z. load on the dial gage. 

Section 10 (d).—-In order to eliminate 
adhesion testing on thin covers, since 
tests made under these conditions are 
entirely unreliable because of excessive 
stretch and breakage of the rubber cover, 
it is recommended that the first sen- 
tence be changed to read as follows by 
the addition of the italicized words: 


The adhesion between the rubber covers and 
the body of the belt shall be determined on the 
test specimen prepared for ply adhesion except 
that no tests for cover adhesion shall be made on 
rubber covers less than #; in. in thickness. 


Tentative Methods of Testing Rubber 
Hose (D 380 — 38 T):' 


Section 4 (a)..-Change this section 
to provide for the use of a 3-oz. load in 
place of a 9-0z. load on the dial gage. 

Section 21.—-The procedure for the 
gasoline immersion swelling test as given 
at present is not satisfactory because of 
the failure to weigh the swelled sample 
in air. The results as calculated, there-— 
fore, do not give a proper measure of the 
percentage increase in apparent volume 
of the specimen. It is accordingly 
recommended that the next to the last 
sentence of Paragraph (b) be changed by — 
the addition of the italicized words and 
the omission of those in brackets, and 
add before the last sentence a new sen- 
tence, as follows: 


At the termination of the immersion period, 
the specimen shall be removed from the gaso- 
line, dipped in 95 per cent ethyl alcohol, blotted | 
lightly with filter paper, and [immediately 
weighed in distilled water (W3) as_ before] 
placed in a tared weighing bottle and weighed 
(W;). It shall then be removed from the bottle 


7 Proceedings, Am. Soc. Testing Mats., Vol. 38, Part I. 
pp. 1105, 1114 (1938); also 1938 Book of A.S.T.M. Tentative | 
pp. 1364, 1373. 
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and weighed (W,) in distilled water in immediate 
consecutive procedure to determine the water dis- 
placement after test. 


Change Paragraph (c) from its present 
form to read as follows: 


(c) Calculation.-The volume increase shall 
be calculated as follows: 


Increase in Volume, per cent 


(Ws — Ws) — (Wi We) 
(W; — W2) x 


Tentative Methods of Tension Testing of 
Vulcanized Rubber (D 412 — 36 T):8 


Section 4.—Add a new Paragraph (g) 
to read as follows: 


(g) The tension testing machine may be 
equipped with a dynamometer head of the com- 
pensating type for convenience in eliminating 
calculations. 


Section 8.—Add a note to this section 
to read as follows: 


Note.—lIt is a well known fact that vul- 
canized rubber exhibits a grain effect which 
influences its physical properties. In the case 
of heavily loaded compounds the effect may 
produce a pronounced difference in physical 
properties. Laboratory practice is to test with 
the grain, and it is assumed that unless other- 
wise specified all test specimens are to be pre- 
pared in this manner. Where grain effects are 
significant and are to be evaluated, two sets of 
test specimens should be cut at right angles to 
each other. 


Section 9.—Letter the present section 
as Paragraph (a), and add as Paragraph 
(b) the present note concerning choice 
of dies given under Fig. 3. 

Section 11 (a).—Change this section 
to provide for the use of a 3-oz. load in 
place of a 9-oz. load on the dial gage. 
It is intended that this change shall 
apply to other rubber standards requir- 
ing use of the 9-oz. dial micrometer. 
The 3-oz. weight is in agreement with 
the standard practice of the American 


8 Proceedings, Am. Soc. Testing Mats., Vol. 36, Part I, 
p. 1105 (1936); also 1938 Book of A.S.T.M. Tentative 
Standards, p. 1287. 
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Chemical Society and the Federal Speci. 
fications Executive Committee. The 
committee has demonstrated to its 
satisfaction that the use of the lighter 
weight gives a more reliable measure of 
thickness when working with a wide 
range of hardnesses of rubber conm- 
pounds. 
Section 13 (b).—Omit the last sen- 
tence which reads as follows: 


A tension testing machine equipped with 
dynamometer head of the compensating typ 
is convenient in eliminating calculations and its 
use is permitted in stress-strain tests. 


Tentative Methods of Testing Rubber In- 
sulated Wire and Cable (D 470 - 38T): 


New Sections.-Add new Sections 33 
to 37, inclusive, covering the flame test, 
moisture test, and mineral filler con- 
tent determination.’° 


Tentative Specifications for Insulated Wire 
and Cable: Class AO, 30 per cent 
Hevea Rubber Compound (D 27 


Section 21 (b).—Change from its pres 
ent form to read as follows: 


(b) Shielding.—Wires and cables not suf 
ported on insulators shall be shielded or suit 
ably protected against corona in accordan 
with the detailed recommendations contained 
in Sections 24 to 28, inclusive. 


New Sections.—Following Section 23 
add new Sections 24 to 28, inclusive,’ 
covering Shielding, renumbering the 
subsequent sections accordingly. 

Sections 33 to 37.—Replace the se 
tions covering Finish with new Sections 
38 to 49, inclusive," renumbering the 
subsequent sections accordingly. 


9 Proceedings, Am. Soc. Testing Mats., Vol. 38, Patt 
pp. 1127, 1143 (1938); also 1938 Book of A.S.T.M. Tentative 
Standards, pp. 1386, 1245. : ; 

10 This revision was accepted by the Society and a 
been incorporated in the methods which appear in the 19 
Book of A.S.T.M. Standards, Part III. —— 

1 These revisions were accepted by the Society 
have been incorporated in the specifications which 4 

in the 1939 Book of A.S.T.M. Standards, Part Ill. 
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Tentative Specifications for Insulated 
Wire and Cable: Performance Rubber 
Compound (D 353 37 


Section 7.—Replace the present re- 
quirements for shielding with the new 
gctions on shielding as recommended 
above in Specifications D 27 — 38 T. 


Insulation Thick-| 
ness in Sixty-| 
fourths of 


an) 
(2/3 
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or circular mils 
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TABLE I.—INSULATION RESISTANCE. 


Section 7.—Replace the present re- 
quirements for shielding with the new 
sections on shielding as recommended 
above in Specifications D 27 — 38 T. 

Table III.—Replace the table on in- 
sulation resistance with the accompany- 
ing Table I, in which the values are 


| 
13 | 


14 15 


| See .... 6250 7450 8500 9400 10 200 | 10 950 
.... 5300 6400 7400 8250 9000) 9700 
No. 10... 4500 5500 6400 7200 7900) 8 500 
4650 5500 6250 6850; 7 450 
. 3550 4200 4800 5400) 5900 
2900 3500 4100 5000 
2450 2950 3400 3850 4250 
.... 2650 3100 3500; 3900 
2400 2800) 3150 3500 
2200 2550 2900 3200 
... 1950 2350, 2600 2900 
No. 0000 . 1800 2100 2350!) 2700 

250 000 cir. mils 1950 2200, 2500 

350 000 cir. mils 1700 1900; 2150 

500 000 cir. mils 1400 1650, 1850 

250 000 cir. mils om 1 200 
1500 000 cir. mils er 


where: 


K = constant, 

D = diameter over insulation, 

d = diameter over conductor. 


Tentative Specifications for Insulated 
Wire and Cable: Heat-Resisting Rubber 
Compound (D 469 — 37 T): 


Table I.—Change the requirement for 
the 504-hr. oxygen pressure test to read 
sfollows by the addition of the italicized 
vords and figures and the omission of the 
igure in brackets: 


Depreciation in tensile strength and elonga- 
won after [504] 168 hr., at 80C. and 300 Ib. 
ressure, Oxygen pressure test, max., per 


ve roceedings, Am. Soc. Testing Mats., Vol. 37, Part I, 
>. 1109, 1096 (1937) ; also 1938 Book of A.S.T.M. Tentative 


Nore.— This table is based on a constant, K = 15,840 in the ee formula: 
R = K logw 


= insulation resistance in megohms —1000 ft., 


10 300 | 10900 | 
8000 8500 9400 9850 10 200 | 10600 10950 | 11 200 
6380 6850; 7650 8000 8350; 8650, 9000 | 9 350 
5450 5850; 6650 7000 7300 7600) 7900; 8 200 
4600, 5000, 5700 5950 6300; 6600) 6850! 7150 
4200 4600, 5200 5500 5750) 6000) 6300) 6550 
3850 4150) 4750 5050) 5300' 5550, 5850; 6100 
3500' 3800 4400 4650 4900) 5200, 5360) 5650 
3200, 3500 4050 4300 4600 4750) 5000, 5200 
2900 3150) 3700 3900 4150! 4550! 4750 
2750; 3000 3450/3700 3900 4100) 4300) 4450 
2350 2600 3000 3200 3400! 3550) 3770) 3900 
2050' 2200, 2600 2800, 2950' 3100; 3250) 3400 
1700; 1900 2200 2300 2500 2650! 2800) 2900 
1500, 1650) 19502050, 2200; 2300, 2500| 2.600 
1350; 1500; 1750 1900 2000, 2150! 2250, 2350 
1250; 1400 1600/1700 1850; 1950) 2050) 2200 
1160) 1300 1500 1600, 1750; 1850! 1950; 2050 
1100' 1200 1400 1550) 1 650 


1750) 1850 | 


d 


on each conductor, and 


based on a constant K equal to 15,840 
in place of the constant 21,120 used in 
the present table in the specifications. 


The committee recommends that the 
tentative methods listed below be ap- 
proved for reference to letter ballot of 
the Society for adoption as standard. 
These methods have had a tentative 
status for three years or more with either 
none or very minor criticism, and are 


believed to be satisfactory. 


III. Aporption oF TENTATIVE 
STANDARDS AS STANDARD 
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Tentative Methods of: 


- Sample Preparation for Physical Testing of 
Rubber Products (D 15 38 T),™ 
Test for Adhesion of Vulcanized Rubber 
4 (Friction Test) (D 413 - 36 T)," and 
- Test for Adhesion of Vulcanized Rubber to 
Metal (D 429 36 


IV. ApopTioN AS STANDARD OF 
TENTATIVE REVISIONS OF 
STANDARDS 


No objection has been received to the 
tentative revisions'® of the following 
standards, approved for publication by 
Committee E-10 on Standards last year, 
and as both are considered highly essen- 
tial, the committee recommends that 
these revisions be adopted as standard 
and asks for the necessary nine-tenths 
vote at the annual meeting in order that 
these modifications may be referred to 


letter ballot of the Society. 
Standard Methods of: _ 


Test for of Rubber (D 314 - 30), 
and 


Chemical Analysis of Rubber Products 
(D 297 38). 


V. WITHDRAWAL OF TENTATIVE 
STANDARD 


The committee recommends that the 
Tentative Specifications for Rubber 
Pump Valves (D 151 ~ 31 T)" be with- 
drawn. A section of Subcommittee VI 
has completed an investigation of the 

status of these tentative specifications 
and has reported that they are not being 
used for the purchase of material and 
there appears now to be no demand for 
or interest in the trade in specifications 


: 14 Proceedings, Am. Soc. Testing Mats., Vol. 38, Part I, 
p. 1099 (1938); also 1938 Book of A.S.T.M. Tentative 
Standards, p. 1281. 
; 15 Proceedings, Am. Soc. Testing Mats., Vol. 36, Part I, 
 - pp. 1120, 1127 (1936); also 1938 Book of A.S.T.M. Tentative 
_ Standards, pp. 1307, 1314. 
‘ 16 Proceedings, Am. Soc. Testing Mats., Vol. 38, Part I, 


pp. 1332, 1333 (1938); also 1938 Book of A.S.T.M. Tenta- 
| ; tive Standards, pp. 1698, 1699. 


17 Proceedings, Am. Soc. Testing Mats., Vol. 31, Part I, 
p. 944 (1931); also 1938 Book of A.S.T.M. Tentative Stand- 
ards, p. 1279. 
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for this product. It is not contemplated 
to undertake further work for moderniza- 
tion or improvement of these specifica. 
tions because of the lack of interest 


VI. STANDARDS AND TENTATIVE STAnI 
ARDS CONTINUED WITHOUT REVISION 


The committee desires that all tep- 


tative standards under its jurisdiction 
not mentioned in this report be con- 


tinued as tentative without revision. 
The Tentative Methods of Test for Ac- 
celerated Aging of Vulcanized Rubber 
(D 428-36 T) have had a tentativ 
status for three years without revision 
Changes are under consideration, hov- 
ever, as mentioned later in this report, 
and it is desirable to continue the meth- 
ods in their present form until an agree- 
ment is reached. The Tentative Meth- 
ods of Test for Flexing of Rubber Prod- 
ucts (D 430 — 35 T) have stood in this 
status for four years. The matter of 
adopting the methods as standard has 
been considered by the committee and 
it has been decided that they be con- 
tinued in their present form to permit 
further consideration of possible changes. 

The Standard Specifications for Rub- 
ber Matting for Use Around Electrical 
Apparatus or Circuits not Exceeding 
3000 Volts to Ground (D 178 — 24) have 
been reviewed and a few minor editoria 
changes are expected to be made but, !! 
general, these specifications are still con- 
sidered satisfactory without major © 
vision. 

The recommendations appearing | 
this report have been submitted to letter 
ballot of the committee which consists 
of 105 members; 67 members returne¢ 
their ballots, with the results shown 
Table IT. 


ACTIVITIES OF SUBCOMMITTEES 
Discussion of the activities of the sub 


committees of Committee D-11 will be 
limited to the consideration of a fe" 
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of the more important projects in prog- 
ress. It should be understood, however, 
that all of these subcommittees are ac- 
tive in their respective fields. 

Advisory Committee (O. M. Hayden, 
chairman).—Early in 1939 the sugges- 
tion was made by the Society of Auto- 
motive Engineers that there is urgent 
need for development of standards for 
rubber products used by the automotive 
industry. For some years, Committee 
D-11 has endeavored to meet this need 


Items 


TABLE II.—ANALYSIS OF LETTER BALLOT VOTE. 
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Committee D-11 has actively been 
endeavoring for some years to overcome 
the latter handicap and has made sub- 
stantial progress. It is felt that the time 
is now ripe for concentration specifically 
upon development of automotive rubber 
standards as suggested by the Society of 
Automotive Engineers. It is also be- 
lieved that their proposal will insure 
better cooperation of the automotive 
engineers than has been obtainable in 
the past. The Advisory Committee has, 


| | Ballots 
Affirmative | Negative | Marked 
“Not Voting” 


I. New TENTATIVE STANDARDS 


II. Revisions oF TENTATIVE STANDARDS 


Spec. for Rubber Sheath Compound for Electrical Insulated Cords and 


Testing Flat Rubber Belting (D 378 - 38 T)......................0eeeeuee 33 0 34 
35 0 32 
Tension Testing of Vulcanized Rubber (D 412 - 36 T).................... 51 0 16 
Testing Rubber Insulated Wire and Cable (D 470-38 T)................ 0 
0 

Spec. 

Spec. for Insulated Wire and Cable: Heat-Resisting Rubber Compound 


IV. ApopTion AS STANDARD OF TENTATIVE REVISIONS OF STANDARDS 


Test for Hardness of Rubber (D 314 - 34 


V. WITHDRAWAL OF TENTATIVE STANDARD 


Spec. for Rubber Pump Valves (D 151 - 31 T) 


in the present subcommittee organiza- 
tion but rapid progress has been handi- 
capped by lack of cooperation from the 
consumer interests in ,the automotive 
industry, by decentralization of the 
activities over a number of subcommit- 
tees in Committee D-11, and by the un- 
developed state of standardization of 
certain test methods covering funda- 
mental properties of rubber applicable to 


all materials including automotive prod- 
Ucts, 


13 36 T).. 


33 0 34 


therefore, proposed that the project of 
developing automotive rubber stand- 
ards be centralized in a technical com- 
mittee, of which the personnel will be 
drawn jointly from the present member- 
ship of Committee D-11 and representa- 
tives of the major consuming interests 
in the automotive industry as recom- 
mended by the S.A.E. This proposal 
has been approved by Committee D-11 
and the new technical committee is now 
in process of organization. It will be 
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known as Technical Committee A on 
Automotive Rubber Products. 

Subcommittee VI on Packings, Gaskets, 
and Pump Valves (William Staniar, 
chairman).—This subcommittee in its 
Section on Classification has prepared 
an extensive outline of various classes of 
packings and gaskets to serve as a guide 
for future subcommittee activities, copy 
of which is appended to this report. 
The subcommittee has selected certain 
of the more important items included in 
this classification for its first attention. 
These include particularly Items I (A, 
B, C) covering rubber sheet, compressed 
asbestos sheet, and cloth inserted sheet 
packings. Sections have been organ- 
ized to handle the preparation of stand- 
ards for these products and are actively 
at work. Another section of the sub- 
committee has been engaged in studying 
the status of specification buying of 
products under the jurisdiction of the 
committee. A large amount of in- 
formation has been assembled relative 
to the test methods which are currently 
in use for specifying the properties of 
these materials. In line with the pres- 
ent policy of Committee D-11, prepara- 
tion of standards by the subcommittee 
will be limited for the present, at least, 
to the development of satisfactory test 
methods rather than to the preparation 
of materials specifications, and particu- 
lar attention will be given to perform- 
ance tests designed to evaluate proper- 
ties related to service. Another sec- 
tion of the subcommittee has completed 
an investigation of the status of the 
present Tentative Specifications for Rub- 
ber Pump Valves (D 151-31 T), re- 
porting that these specifications should 
be withdrawn, as recommended earlier 
in this report. 

Subcommittee IX on Insulating Tape 
(W. H. S. Youry, chairman).—The 


Specifications for Friction Tape for Gen- 
eral Use for Electrical Purposes (D 69 — 
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38), under the jurisdiction of this sub- 
committee, were recommended for sub- 
mission to the American Standards As. 
sociation for approval as American 
standard. Objection was raised by the 
railroad interests to the cold-adhesion 
value, which is specified at present as not 
more than 15-in. separation under the 
prescribed conditions of test. The rail- 
road group has, in the past, considered 
that it needed a somewhat different tape 
for signal work and the suggestion was 
made that the permissible rate of separa- 
tion be lowered to a value not in excess 
of 8 in. Because of this objection, ap- 
proval of these specifications has been 
held up. The matter has been the sub- 
ject of much discussion in the sub- 
committee which is now giving consid- 
eration to the possibility of changing the 
requirement to provide for a rate of 
separation of 8 +4 in. per min., in the 
hope that such a requirement would meet 
the needs of both those using friction 
tape for general work and those in- 
terested in signal work, as well as con- 
forming to good manufacturing practice. 

Subcommittee X on Physical Testing 
of Rubber Products (H. M. Frecker, 
chairman).—This subcommittee, in ad- 
dition to recommending the changes in 
standards under its jurisdiction which 
are mentioned earlier in this report, is 
conducting a survey by means of a 
questionnaire in order to secure data 
from a large number of laboratories on 
possible improvements in the Methods 
of Tension Testing of Vulcanized Rubber 
(D 412 — 36 T) and to arrive at possible 
revisions with respect to the present 
provisions covering the interpretation of 
results of tension tests. This question 
of interpretation includes statistical 
methods of handling results from dupli- 
cate specimens as well as standard pro- 
visions for discarding and averaging the 
results of individual tests. In view of 
the importance of tension tests in rubber 
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testing, this matter is of great impor- 
tance not only to this subcommittee but 
also in connection with life tests and 
various other procedures where tensile 
strength is used as an index of change in 
other properties. 

Subcommittee XI on Chemical Analysis 
of Rubber Products (S. Collier, chair- 
man).—This subcommittee has com- 
pleted its investigation of recommended 
methods for the determination of small 
amounts of manganese and copper in 
tubber which was mentioned in last 
year’s report.’® The analytical data 
from the various laboratories cooper- 
ating varied as much as 500 per cent on 
manganese and 100 per cent on copper. 
The subcommittee has, therefore, de- 
cided that the present available methods 
are inadequate and has authorized a 
ection to proceed with further study 
and to write a new procedure to cover 
these determinations. When this work 
iscompleted a new cooperative study of 
proposals developed will be initiated. 
The subcommittee has also been giving 
consideration to the present analytical 
procedures in the Standard Methods of 
Chemical Analysis of Rubber Products 
D 297 — 38) and is of the opinion that 
the methods now included are inade- 
quate and, in some cases, out of line 
with best modern practice. The sub- 
committee has therefore authorized ap- 
pointment of a section to study, re- 
write, and submit for cooperative testing 
acompletely revised procedure covering 
themical methods for use in rubber 
analysis. 

Subcommittee XIV on Abrasion Tests 
' Rubber Products (G. S. Haslam, 
nairman).—The committee has ap- 
roved the inclusion of a note follow- 

g Table I of the Tentative Methods 
1 Test for Abrasion Resistance of 
Xubber Compounds (D 394 37 T) 


ws cosines Am. Soc. Testing Mats., Vol. 38, Part I, 
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stating that “Comparison standard 
specimens of compound B having certi- 
fied physical properties for use in this 
procedure may be obtained from the 
laboratory of V. L. Smithers, Inc., First 
Central Tower, Akron, Ohio.” 
Subcommittee XV on Life Tests for 
Rubber Products (J. H. Ingmanson, 
chairman).—The section of this sub- 
committee appointed to study the 
Method for Air Pressure Heat Test for _ 
Vulcanized Rubber (D 454-37 TT), 
under the chairmanship of G. S. Haslam, — 
has completed its report. Fifteen 
laboratories cooperated in this program > 
and a large amount of detailed data has - 
been accumulated. Cooperative tests 
comparing the various forms of appara- 
tus in use in the several laboratories — 
were carried out and the data have been | 
submitted to a statistical analysis. 
From consideration of all of this work, 


the section has drawn the —— 


conclusions: 


1. That Method D454-37T provides a — 
satisfactory test for the determination of the 
life of rubber compounds under the conditions — 
specified, 

2. That any laboratory with proper attention 
to the procedure outlined should be able to 
reproduce the results of any other laboratory 
within a reasonable limit of error, 

3. That no further refinement on apparatus 
is required at this time, and 

4. That further cooperative tests are un- 
necessary for the present. 


The subcommittee is organizing — 
new sections: one on development of 
kinetic aging tests under artificial light, | 
and the other on interpretation of test 
data. The subcommittee has had nu-— 
merous requests for a standard proce- 
dure for carrying out accelerated cial 


tests in the laboratory using artificial 
light. Tests of this sort are frequently. 
employed at present but there is very 
little standardization. The effect of. 
light on rubber in producing deteriora- 
tion and cracking is well known. Somme , 
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means of evaluating this, rapidly and 
positively, which can be followed by all 
laboratories in a standard way, is very 
much needed. ‘The section on inter- 
pretation of test data will cooperate so 
far as life tests are concerned in similar 
work being undertaken by Subcom- 
mittee X, as already mentioned. Sub- 
committee XV has received numerous 
suggestions that the temperature and 
pressure conditions at present specified 
in the Tentative Methods of Tests for 
Accelerated Aging of Vulcanized Rubber 
(D 428 —- 36 T) are in need of revision. 
The principal reason for these sugges- 
tions is the desire further to accelerate 
the tests so as to secure results in a 
shorter time. Some users of these tests 
have already adopted higher tempera- 
ture conditions for the air oven aging 
test, and others have been experimenting 
with higher temperatures and lower 
oxygen pressures in the oxygen pressure 
chamber aging test. Considerable data 
relating to these proposals have been 
presented to the subcommittee, which 
has organized a section to consider the 
question of changing the temperature 
and pressure requirements in these pro- 
cedures. In view of this work the sub- 
committee has decided to withhold for 
the present any recommendation for the 
adoption as standard of methods 
D 428 36 T. 

Subcommittee XVII on Rubber Prod- 
ucts for Absorbing Vibration (J. J. Allen, 
chairman).—This subcommittee has 
given considerable attention to a further 
study of the Tentative Methods of 
Test for Compression Set of Vulcan- 
ized Rubber (D 395 -37T). Although 
these methods are in quite common use, 
difficulty is still experienced in duplicat- 
ing results closely in different labora- 
tories. For this reason it has been 
decided that a further detailed investiga- 
tion should be carried out in the sub- 
committee before recommending adop- 


tion of the tentative methods 4 
standard. A section has been author. 
ized to do this work, with instructions to 
make definite recommendations after 
studying the various details of the pro- 
cedures, including both the method of 
measuring thickness and the matter of 
using decay of load as an index of set 
rather than change in dimensions. 
Subcommittee XVIII on Dynamic 
Fatigue Testing for Rubber Produc: 
(E. B. Curtis, chairman).—This sub- 
committee is preparing new methods of 
test for the effect of compression 
hysteresis on vulcanized rubber. It 
was expected to have these methods 
ready for inclusion in this report but 
this has not been found possible and it 
is now anticipated that they will be 
offered to the Society through Con- 
mittee E-10 on Standards after the 
annual meeting. These methods hav 
for their objective the evaluation of 
rubber compounds with respect t 
deterioration from heat produced by 
hysteresis in rapid cyclic compression 
flexing. The failures ultimately result 
in blowout rather than ply separation 
or cracking and are therefore used for 
an entirely different class of goods than 
the bending or stretching tests. The 
procedures are of great value in evaluat: 
ing rubber products which fail in service 
in a manner similar to that occurring 
during the test, and are applied to many 
products, including particularly vibra 
tion absorbers used in compression oF 
shear and also automobile tires. 
Subcommittee XXI on Tests of Liquid 
Rubber Products (L. M. Freeman, chait- 
man).—-This subcommittee has com- 
pleted comparative tests in five different 
laboratories on methods for determining 
viscosity of cement. Four samples © 
cement, covering a range of viscosil) 
from thin to thick, were checked in 4 
laboratories, each of which determine¢ 
total solids and viscosity by their 0! 
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procedures. Asa result, viscosities were 
obtained by ten different instruments. 
Two laboratories using two different 
types of viscosimeters checked very 


closely. ‘These viscosimeters were those 
known as the falling-cylinder type and 
the funnel type. All results of total 
solids determination checked closely. 
Further tests were then made using the 
two viscosimeters, and in these cases 
the viscosities of the specimens were 
varied by other means than change in 
solids content. After studying the data 
from these tests, the subcommittee has 
decided to prepare tentative procedures 
for total solids determination and also 
for viscosity determination with both 
the falling-cylinder and the funnel type 
methods. It is anticipated that these 
procedures will be available in the near 
future. 

Subcommittee X XII on Sponge Rubber 
(L. P. Gould, chairman).—This sub- 
committee has completed its organiza- 
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tion and is actively at work on the 
preparation of standard procedures for 
testing sponge rubber. A  question- 
naire has been prepared covering con- 
troversial points on certain tests pro- 
cedures, including those for compression 
set, tensile strength, and elongation. 
The subcommittee has also under con- 
sideration a preliminary draft of a pro- 
posed tentative method of testing sponge 
rubber. 


This report has been submitted to 
letter ballot of the committee which con- 
sists of 105 members; 67 members re- 
turned their ballots, of whom 60 have 
voted affirmatively and 0 negatively. 


Respectfully submitted on behalf of 
the committee, 


O. M. Haypen, 
Chairman. 


ARTHUR W. CARPENTER, 
Secretary. 


Subsequent to the annual meeting Committee D-11 presented to the Society 
through Committee E-10 on Standards the following recommendations: 

New Tentative Methods of Testing Sponge Rubber Products (D 552 - 39 T), 

New Tentative Methods of Test for Viscosity and Total Solids Content of 


Rubber Cements (D 553 - 39 T), and 


Proposed Revision of Tentative Methods of Testing Hard Rubber Products 


(D 530 - 39 T). 


‘Lhese recommendations were accepted by Committee E-10 on Standards 
on September 5, 1939, and the new and revised tentative methods appear in 
the 1939 Book of A.S.T.M. Standards, Part III, bearing the designations in- 


dicated. 
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A proposal for a classification of 
rubber-containing gaskets, valve disks, 
sliding contact packings, and diaphragms 
to be employed in the future proceedings 
of Subcommittee VI is submitted, as 
follows: 
I. Gaskets (including sheet or strip 
from which gaskets are intended to 
be cut): 

A. Rubber compounds without fabric 
reinforcement or a high percentage of 
fiber. 

B. Rubber compounds with a high 
percentage of fiber. 

C. Rubber compounds with fabric 
reinforcement. 

1. Cotton fabric: 

(a) Sheet (or strip cut from sheet), 

(6) Rolled or folded strip, and 

(c) Gaskets prepared from _pre- 
ceding forms with or without 
subsequent molding. 

2. Asbestos fabric: 

(a) Sheet (or strip cut from sheet), 

(b) Rolled or folded strip, and 

(c) Gaskets prepared from pre- 
ceding forms with or without 
subsequent molding. 

3. Wire fabric (sheet only). 

D. Rubber compounds with rein- 
forcer..ent of twisted or braided asbestos 
yarns. 

II. Valve Disks: 

A. Rubber compounds without fabric 
reinforcement or high percentage of 
fiber. 

B. Rubber compounds with a high 
percentage of fiber. 
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C. Rubber compounds with fabric 
reinforcement. 

III. Sliding Contact tiene (including 
sheet or strip from which rings, etc., 
are intended to be cut): 

A. Rubber compounds without fabric 
reinforcement or high percentage of 
fiber. 

B. Rubber compounds with high per- 
centage of fiber. 

C. Rubber compounds with fabric 
reinforcement. 

1. Cotton fabric: 

(a) Sheet (or strip cut from sheet), 

(b) Rolled or folded strip, and 

(c) Rings (or other forms) prepared 
from preceding forms with 
or without — subsequent 

molding. 

2. Asbestos fabric: 

(a) Sheet (or strip cut from sheet), 
(6) Rolled or folded strip, and 

(c) Rings (or other forms) pre- 
pared from preceding forms 

or without subsequent 

molding. 

D. Rubber compounds _ reinforced 
with twisted or braided yarns, wires or 
metal foil strips. 

IV. Diaphragms (including: sheet from 
which diaphragms are intended to be 
cut): 

A. Rubber compounds without fabric 
reinforcement. 

B. Rubber compounds with fabnc 
reinforcement. 
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1, Cotton fabric: (b) Diaphragms molded from pre- 
(a) Sheet (or strip cut from sheet), i 


ceding forms. 
and Respectfully submitted on behalf of 
(b) Diaphragms molded from pre- the special section, oe 


ceding forms. THORN, Chairman 
2. Asbestos fabric: H. P. Hass 


(a) Sheet (or strip cut from sheet), 
and 
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REPORT OF COMMITTEE D-12 


ON 


SOAPS AND OTHER DETERGENTS 


Committee D-12 on Soaps and Other 
Detergents held two well-attended and 
interesting meetings during the year: 
one on October 31-November 1, 1938, 
and the second on March 27-28, 1939, 
both at the Hotel New Yorker, New 
York City. 

At the spring meeting, W. D. Pohle, 
of the Naval Stores Research Division of 
the U.S. Bureau of Chemistry and Soils, 
gave an address descriptive of his work 
on rosin and rosin soaps, which was very 
interesting. 

The committee records with regret the 
death of one of its members, Frederick 
Kenney. Mr. Kenney has been a very 
valuable member of the committee, par- 
ticularly because of his experience ac- 
quired by his long service as chief 
chemist of the City of New York. 

C. A. Marlies has been selected as 
chairman of Subcommittee III on No- 
menclature and Definitions, in place of 
the late Mr. Kenney, and also as the 
representative of Committee D-12 on the 
Society’s General Committee on Nomen- 
clature. C.L. Nutting has been named 
as the representative of the American 
Association of Textile Chemists and 
Colorists on Committee D-12. L. B. 
Hitchcock has been designated as a 
member of the Advisory Committee to 
succeed G. E. Hopkins, resigned. 

The following new members were 
elected to Committee D-12 during the 


year: 
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F. D. Snell, Brooklyn, N. Y. 

R. B. Mears, Aluminum Co. of America, 
New Kensington, Pa. 

H. H. High, E. F. Houghton and C 
Philadelphia, Pa. 

J. K. Stewart, Anderson Pritchard Co., 
Chicago, Ill. 

J. A. Jenemann, E. I. du Pont de Nemours 
and Co., Grasselli Chemicals Dept., 
Wilmington, Del. 

During the year the following mem- 
bers resigned: F. R. Gunn, G. E. Hop- 
kins, G. H. Johnson, D. R. Mclvei, H. 
S. McQuaid, and Samuel Meeker. 

W. G. Morse has been named editor of 
a proposed monograph, to be descriptive 
of some of the detergents, their tests, and 
uses. A new Subcommittee IV on Pub- 
lications, consisting of the following, has 
been appointed to handle all papers and 
publications sponsored by the com- 
mittee, and in particular to advise the 
scope and character of the proposed 
monograph: 


W. H. Koch, chairman Israel Katz 

A. G. Aitchison J. W. McBain 
J. B. Crowe W. G. Morse 
R. E. Devine R. H. Sawens 
B. H. Gilmore M. L. Sheely 
J. A. Jenemann B. S. Van Zile 


W. H. Joy C. C. Zeigler 


In addition to the work completed to 
date, the committee is considering the 
preparation of specifications and meth- 
ods of test for liquid and paste soaps, 
scouring powders and soaps, and other 
phosphates and silicates. It is also 
working on the problem of evaluating 
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detergency, a very difficult problem, and 
on specifications and methods for dry 
cleaning and metal detergents. 


I. New TENTATIVE STANDARDS 


The committee recommends that the 
following six new specifications for soaps 
and detergents, and a new method of 
test be accepted for publication as 
tentative: 


Tentative Specifications for:? 
Sodium Metasilicate, 
Trisodium Phosphate, 
Palm Oil Bar Soap, 

Palm Oil Chip Soap, 
Built Soap, Powdered, 
Soap Powder, and 

Tentative Methods of Sampling and Chemical 
Analysis of Special Detergents (D 501 — 39 T)? 
(covering new test for determining carbon 
dioxide in caustic soda by evolution method, 
and analytical procedures for trisodium 
phosphate and sodium metasilicate). 


I. REVISION OF TENTATIVE STANDARD 


The committee recommends that the 
definitions for alkaline detergents, 
| luilder, built soap, and detergents, ap- 
yaring in the Tentative Definitions of 
lems Relating to Soaps and Other 
Detergents (D 459-— 38 T),? be revised 
aid continued as tentative; new defini- 
tions for break soap powder, cleaning, 
<ouring, soap powder, soapy alkaline 
ttergent, and washing are also recom- 
nended for publication as tentative. 
the revised and new definitions are ap- 
pended hereto.‘ 


III. REVISIONS OF STANDARDS 


The committee recommends for imme- 
ite adoption, revisions in the following 
‘0 specifications, and accordingly asks 
rthe necessary nine-tenths vote at the 
‘anual meeting in order that these modi- 


‘7 hese specifications were accepted as tentative by the 
; aod appear in the 1939 Book of A.S.T.M. Stand- 

These methods were accepted as tentative by the So- 
ty 4 appear in the 1939 Book of A.S.T.M. Standards, 


roceedings, Am. Soc. Testing Mats., Vol. 38, Part I, 
2 (1938); also 1938 Book of A.S.T.M. Tentative 
tds, p. 1580. 

.+hese definitions were accepted as tentative by the 


rag and appear in the 1939 Book of A.S.T.M. Stand- 
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fications may be referred to letter ballot 
of the Society: 


Standard Specifications for Caustic Soda (D 

456-38)5 

New Section.—Add a new Section 4 to read 
as follows, renumbering the present Section 4 
as Section 5: 
4. Basis of Purchase.—Caustic soda shall 
be purchased by net weight. 
Standard Specifications for Modified Soda 
(Sesquicarbonate Type) (D 457 - 38): 

New Section.—Add a new Section 4 to read 
as follows, renumbering the present Section 4 
as Section 5: 

4. Basis of Purchase.—Modified soda (ses- 
quicarbonate type) shall be purchased by net 
weight. 


IV. Apoption OF TENTATIVE 
STANDARDS AS STANDARD 
The committee recommends that the 
following ten tentative standards be ap- 
proved for reference to letter ballot of 
the Society for adoption as standard, 
with revisions in four specifications and 
one method of test, as indicated below: 


Tentative Methods of Chemical Analysis of 
Special Detergents (D 501 — 38 T),* 


Tentative Methods of Test for Particle Size of | 


Soaps and Other Detergents (D 502 — 38 T),® 


Tentative Methods of Sampling and Chemical | 


Analysis of Soaps and Soap Products (D 460 - 


38 T),® revised by the addition of procedures — 


for determining rosin and iodine value, and 
the preparation of fatty matter,’ 

Tentative Definitions of Terms Relating to 
Soaps and Other Detergents (D 459 — 38 T),® 
excepting the definitions for builder, built 
soap, detergents, and alkaline detergents, 


which are being revised and continued as — 
tentative as mentioned earlier in this report, 


Tentative Specifications for Milled Toilet Soap 
(D 455 — 38 T),° 

Tentative Specifications for White Floating 
Toilet Soap (D 499 — 38 T),® 

Tentative Specifications for Ordinary Laundry 


51938 Supplement to Book of A.S.T.M. Standards, 
pp. 240 and 241. ; 

6 Proceedings, Am. Soc. Testing Mats., Vol. 38, Part I, 

. 1258, 1236, 1212 (1938); also 1938 Book of A.S.T.M. 
Tentative Standards, pp. 1576, 1554, 1530. 

7 These new eng were adopted as standard by 
the Society and have been incorporated in the Standard 
Methods of Sampling and Chemical Analysis of cones and 
Soap Products (b 460 - 39), 1939 Book of A.S.T.M. Stand- 
ards, Part III. 

8 Proceedings, Am. Soc. Testing Mats. 
p. 1262 (1938); also 1938 Book of A.S. 
Standards, p. 1580. 

9 Proceedings, Am. Soc. Testing Mats., Vol. 38, Part I, 
pp. 1200 to 1210 (1938); also 1938 Book of A.S.T.M. Ten- 
tative Standards, pp. 1518 to 1528. 


Vol. 38, Part I, 
.M. Tentative 
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Bar Soap (D 497 - 38 T),® revised by the 
omission of the word “laundry” from the 
title of the specifications and Sections 1, 2, 
3, and 4. 


Tentative Specifications for Chip Soap (D 496 - 


38 T),* revised as follows: 

Section 1.—Change to read as follows by the 
addition of the italicized words and the 
omission of those in brackets: 

1. These specifications cover chip soap 
suitable for [high-grade laundry work] wash- 
ing, cleaning, and scouring purposes with soft 
water, when the presence of alkaline salts is 
[objectionable] not desirable. 


Tentative Specifications for Powdered Laundry 


Soap (D 498 — 38 T),° revised as follows: 

Title.—Change the title of these specifica- 
tions by the omission of the word “Laundry.” 

Section 1.—Change to read as follows by the 
addition of the italicized words and the 
omission of those in brackets: 

1. These specifications cover powdered 
soap suitable for (high-grade laundry work] 
washing, cleaning, and scouring purposes with 
soft water, when the presence of alkaline salts 
is [objectionable] not desirable. 

Sections 2, 3, and 4.—Change Section 2 
by the omission of the phrase “for laundry 
use’’; change Sections 3 and 4 by the omission 
in the first sentence of the word “laundry.” 


Tentative Specifications for Soda Ash (D 458 — 


38 T),® revised as follows: 

New Section.—Add a new Section 6 to read 
as follows, renumbering the present Section 6 
as Section 7: 

6. Basis of Purchase.—Unless otherwise 
specified in the contract, soda ash shall be 
purchased by net weight as packed at the 
place of manufacture. 


The recommendations appearing in 


this report have been submitted to letter 
ballot of the committee which consists of 
57 members; 40 members returned their 
ballots, the results being shownin Tablel. 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I on Methods of Testing 


(J. B. Crowe, chairman): 
Section A on Soaps (M. L. Sheely, 


chairman) is recommending the adoption 
as standard of the Tentative Methods of 
Sampling and Chemical Analysis of 
Soaps and Soap Products (D 460 
with the addition of new methods for 
rosin (McNicoll method), and for iodine 
value of soap fatty acids (Wijs method). 


38 T) 
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Section B on Sulfonated Detergent 
(Ralph Hart, chairman) is working op 
several new methods, and hopes to pro. 
pose them for publication as tentative 
next year. 

TABLE I.—ANALYSIS OF LETTER BALLOT VO! 


Items | |= 
| 
a Zz 
I. New Tentative STANDARDS 
Specifications for Sodium Metasili- 
Specifications for Trisodium Phos- 


dered 
Specifications for Soap Powder..... 39 
Methods of Sampling and Chemical 
Analysis of Special Detergents | 
7 | 40 0 
Il. Revision or TENTATIVE 
STANDARD 


Definitions of Terms Relating to 
Soaps and Other Detergents (D 459 
~ 38 T), four revised and six new 
definitions 

III. Revisions or STANDARDS 

Specifications for Caustic Soda 
(D_456 - 38), immediate adoption 

Specifications for Modified Soda 
(Sesquicarbonate Type) (D 457 - | 
38), immediate adoption.......... 40 0 

IV. Apoption or TENTATIVE STAND- 

ARDS AS STANDARD 


Specifications for Milled Toilet Soap 


Specifications for Soda Ash (D 458 - | | 
38 T), as revised............. : 40 0 


Specifications for Chip Soap (D 496 - 

Specifications for Ordinary Laundry 

Bar Soap (D 497 - 38 T), as re- 


Specifications for Powdered Laundry 

Soap (D 498 38 T), as revised. . 38 0 
Specifications for White Floating 

Toilet Soap (D 499 - 38 T)...... .| 39 0 1 
Sampling and Chemical Analysis of 

Soaps and Soap Products (D 460 - 

38 T), as revised . 39 0 1 


Chemical Analysis of Special Deter- 
gents (D 501-38 T).......... 40 0 
Test for Particle Size of Soaps and 
Other Detergents (D 502-38 T).. 39 0 
Definitions of Terms Relating to 
Soaps and Other Detergents (D 459 


- 38 T), 14 definitions.......... 40 0 0 


Section C on Dry Cleaning Detet- 
gents (G. P. Fulton, chairman) is doing 
exploratory work and hopes to be able 
to report definite progress next year. 

Section D on Special Detergents (W. 
H. Koch, chairman) is proposing a mor 
accurate evolution method for deter 
mining carbon dioxide in caustic soda, 
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and methods of test for trisodium phos- 
phate and sodium metasilicate for pub- 
ication as tentative under the title, 
Tentative Methods of Sampling and 
Chemical Analysis of Special Deter- 
gents (D 501-39T). The section is 
working on methods for other phos- 
phates and silicates. 

Subcommittee II on Specifications (F. W. 

Smither, chairman): 

This subcommittee held two meetings 
during the year. Its various sections 
have been very active, as indicated by 
| the following condensed statements: 

Section A on Textile Soaps (C. L. 
Nutting, chairman) is submitting for 
publication as tentative, new Specifica- 
tions for Palm Oil Bar Soap, and for 
Palm Oil Chip Soap. It is now consider- 
ing the formulation of specifications for 
low titre soaps, olive oil soap, and potash 
soaps. 

Section B on Built Soaps (Frederick 
Krassner, chairman) is recommending 
that the Tentative Specifications for 
Ordinary Laundry Bar Soap (D 497 - 
$T) be adopted as standard with a 
minor revision, as indicated earlier in 
this report. The section is also sub- 
mitting for publication as tentative, pro- 
posed Specifications for Soap Powder, 
and for Built Soap, Powdered. 

Section C on Straight Soaps (Israel 
Katz, chairman) is recommending the 
adoption as standard of the Tentative 
Specifications for Milled Toilet Soap 

D455 - 38 T), for White Floating Toilet 
Soap (D 499-387), for Chip Soap 
D 496 ~ 38 T), and for Powdered Laun- 
Soap (D 498 — 38 T), the latter two 

h minor revisions. 

Section D on Dry Cleaning Deter- 
gents (G. P. Fulton, chairman) has done 
exploratory work on its difficult assign- 
ment. It is believed that definite prog- 
ress will be made during the coming year. 
Section E on Sulfonated Detergents 
J. B. Crowe, chairman) has completed 
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further cooperative laboratory work for 
evaluating sulfonated detergents by 
means of washing standard soiled cotton 
fabrics, using the launderometer under 
varying conditions, and subsequent 
grading of the fabrics. Statistical study 
is now in progress to correlate the data. 
Section F on Special Detergents (C. C. 
Zeigler, chairman) is recommending the 
inclusion of a section covering basis of 
purchase in the Standard Specifications 
for Caustic Soda (D 456 — 38) and for 
Modified Soda (Sesquicarbonate Type). 
(D 457 — 38), andinthe Tentative Spec-_ 
ifications for Soda Ash (D 458 — 38 T) | 
together with the adoption as standard 
of the latter. This section is further 
recommending for publication as tenta- 
tive, new Specifications for Trisodium 
Phosphate, and for Sodium Metasilicate. « 
Section G on Metal Cleaners (J. C. 
Harris, chairman) has had increased in- 
terest shown in its work but is in need of 
more consumer members. It is now 
working on a scheme of analytical meth- 
ods for alkaline mixtures, which were 
studied at the last meeting of Committee © 
D-12. Also, a proposed Government 
specification for an aluminum cleaner is 
being studied. Since chemical analysis 
yields only a portion of the information 
needed, the study of performance tests 
on these materials will be taken up. 
With these data in hand the section will 
be in a position to consider the formula- 
tion of specifications. 


This report has been submitted to 
letter ballot of the committee which 
consists of 57 members; 40 members re- 
turned their ballots, all of whom have 
voted affirmatively. 


Respectifully submitted on behalf of 
the committee, 


TREVITHICK, 
Chairman. 


B. S. VAN ZILE, 
Secretary. 
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REPORT OF COMMITTEE D-13 


ON 
TEXTILE MATERIALS 


Committee D-13 on Textile Materials 
held two meetings during the year: one 
on October 19 to 21, 1938, in New York 
City, and the other on March 1 to 3, 
1939, in Providence, R. I. The number 
of members and guests registered was 
168 and 119, respectively. The total 
number present at these two meetings 
has again set a high record of attendance. 
A third meeting will be held in June at 
Atlantic City, N. J.,in conjunction with 
the annual meeting of the Society. 

The executive direction of the com- 
mittee’s affairs required four meetings of 
the officers and two meetings of the 
Advisory Committee. Of the 28 sub- 
committees or sections which compose 
the organization of Committee D-13, 
23 held sessions at the fall meeting and 
24 at the spring meeting. This, to- 
gether with the many recommendations 
regarding standards included herein, 
indicates that the interest in standardi- 
zation in the textile field has continued to 
grow and make further progress. 

A Symposium on Spun Rayon and 
Blended Fibers, and an exhibit of rayon 
staple fibers and materials made from 
them, were features of the October meet- 
ing. The high light of the March meet- 
ing was an appropriate observance of 
the twenty-fifth anniversary of the or- 
ganization of the committee. Papers 
were presented reviewing the history and 
accomplishments of the committee since 
its formation, as mentioned later in this 
report under the activities of Subcom- 
mittee B-6 on Papers. Two of the 
original members, D. E. Douty and 


H. J. Jaquith, were present and took an 
active part in the program. Ex-chair. 
man A. E. Jury and W. H. Whitcomt 
and chairman H. J. Ball reviewed th 
important events occurring in_ their 
respective terms of office, while the terms 
of the other three chairmen were sum 
marized by members closely associated 
with the work of each period. 

Committee D-13 records with dee; 
regret the withdrawal from the textile 
industry of G. E. Hopkins and his con- 
sequent resignation from Committee 
D-13. The committee has_ benefited 
greatly from the stimulus which he has 
given to the preparation of standards 
for the woolen and worsted industry, 
and from his constructive suggestions 
and advice céncerning all other phases 
of the committee’s work with which he 
had contact. The withdrawal of R. H. 
Adams from membership is also re- 
corded; the committee has conferred on 
him honorary membership as an et 
pression of appreciation of the valuable 
and conscientious service he has rendered 
for the past fourteen years. 

The Advisory Committee approved 
the following changes in subcommittee 
organization and chairmanships: A new 
Subcommittee A-8 on Glass Fiber and 
its Products was organized with Dean 
Harvey as its general chairman and 
S. M. Dockerty, secretary, and with 
sections as follows: Section I on Nome 
clature and Definitions, Games Slaytet, 
chairman; Section II on Yarn, Roving 
and Twine, S. J. Rosch, chairmat, 
Section III on Fabrics, K. N. Matte, | 
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chairman; Section IV on Chemical Tests, 
4. L. Simison, chairman. A. G. Ash- 
croft was appointed general chairman 
of Subcommittee A-3 on Wool and Its 
Products vice G. E. Hopkins, resignéd. 
Qn account of the work incident to the 
above appointment A. G. Ashcroft re- 
signed the chairmanship of Section IV 
on Pile Floor Coverings of Subcommittee 
4-3 and J. N. Dow was appointed in 
his place. For a similar reason, Dean 
Harvey relinquished the chairmanship 
of Subcommittee B-6 on Papers, and 
k. H. Brown was selected as the new 
chairman. 

The Advisory Committee also ap- 


| proved the following appointments of 


representatives of Committee D-13: 
B. S. Van Zile on Committee D-12 on 
Soaps and Other Detergents; C. J. 
Huber at the Federal Trade Commission’s 
trade practice conference for the linen 
industry on October 25, 1938, in New 
York City; G. E. Hopkins as American 
representative on the Federation 
Lainiére Internationale, an international 
organization with headquarters in 
France, interested in part in standards 
for wool. The latter appointment pro- 
vides a link for the exchange of relevant 
information between the F.L.I. and 
Committee D-13. Mr. Hopkins’ sub- 
sequent resignation left a vacancy which 
has been filled by the appointment of 
Edwin Wilkinson. 

The Executive Committee of the 

ciety has appointed H. J. Ball to fill 

it the unexpired term of G. E. Hopkins 
asa member of that committee. 

The survey into the interest of the 
textile industry in the development of 
lest methods for the evaluation of the 
dfect of textile finishing agents, which 
Was reported as in progress a year ago, 
has culminated in the first research proj- 
et sponsored by Committee D-13. 
L. B. Arnold, Jr., of the E. I. du Pont 

i¢ Nemours and Co., Inc., was placed 

n charge of a steering committee which 
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succeeded in securing sufficient financial 
support for a year’s study of the problem. | 
The subscribers to the research fund 
have turned over the active guidance of | 
the project toa Directing Committee, 
composed of L. B. Arnold, Jr., chairman, F 
Elizabeth Weirick, and H. J. Ball. 
Further details and plans are described 
later in this report under Activities of 
Subcommittees. 

The present membership of Com- 
mittee D-13 is 210; of whom 91 are 
classified as producers, 51 as consumers, 
and 68 as general interest members. 

Subsequent to the 1938 annual meet- 
ing, Committee D-13 presented to the 
Society through Committee E-10 on 
Standards a new Tentative Method of 
Test for Fiber Length of Wool (D 519- 
38 T). This method was accepted! by 
Committee E-10 for publication as 
tentative on August 25, 1938,andappears 
in the 1938 Proceedings.” 

The recommendations of the com- 
mittee regarding standards and tentative 
standards under its jurisdiction are sum- 
marized below, together with the analysis 
of the letter ballot on eachitem. Com- 
ments, where necessary, are made under 
the Activities of Subcommittees. 


I. NEw 


Thecommittee presents for publication 
as tentative three new methods of test,* 
Tentative Methods of: 


as follows: 7 
Testing Rayon Staple, 


Testing and Tolerances for Single Jute 
Yarn, and 

Test for Apparent Fluidity of Dispersions 
of Cellulose Fibers in Cuprammonium Hy- 
droxide. 


TENTATIVE STANDARDS 


1In submitting this tentative method to Committee 
E-10 on Standards, Committee D-13 reported results of 
the letter ballot vote as follows: Of a total membership 
of 190, 93 members returned their ballots, of whom 49 
voted affirmatively, 0 negatively, and 44 members marked 
their ballots ‘“‘not voting.’ 

2 Proceedings, Am. Soc. Testing Mats., Vol. 38, Part I, 
p. 1173 (1938); also 1938 Book of A.S STM. Tentative 
Standards, p. 1487. 

+ These methods were accepted as tentative by the So- 
ciety and appear in the 1939 Book of A.S.T.M. Standards, 
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II. REvIsSIONS OF TENTATIVE 
STANDARDS 


‘The committee is presenting revisions 
of the following tentative definitions and 
two methods of test and recommends 
that, as revised, they be continued as 
tentative: 


Tentative Definitions and Terms Relating to 
Textile Materials (D 123 - 38 T), revised as 
appended hereto,* 

Tentative Methods of Testing and Tolerances 
for Rayon (D 258 — 37 T), revised as proposed 
in the Appendix, and 

Tentative Methods of Testing and Tolerances 
for Woven Tapes (D 259 — 36 T), revised as 

4 proposed in the Appendix. OS 


III. Revisions oF STANDARDS 


The committee recommends for im- 
mediate adoption, revisions of the follow- 
ing two methods of test, and accordingly 
asks for the necessary nine-tenths vote 
at the annual meeting in order that these 
revised standards may be referred to 
letter ballot of the Society: 


Standard Methods of Testing and Tolerances 
for Knit Goods (D 231 — 33),® and 

Standard Specifications and Methods of Test 
for Osnaburg Cement Sacks (D 205 — 27).® 


The committee recommends for pub- 
lication as tentative, revisions as given 
in the Appendix, of the following four 
standards: 


Standard Specifications and Methods of Test 
for Asbestos Yarns (D 299 — 37), 

Standard Specifications and Methods of Test 
for Asbestos Roving for Electrical Purposes 
(D 375 - 37), 

Standard Specifications and Methods of Test 
for Cotton Goods for Rubber and Pyroxylin 
Coating (D 334 — 34), and 

Standard Methods of Testing and Tolerances for 
Tire Cord, Woven and on Cones (D 179 — 38). 


4 These definitions were accepted as tentative by the 
Society and appear in the 1939 Book of A.S.T.M. Stand- 
ards, Part III. : 

_ 5 These methods were adopted as standard by the So- 
cow pet appear in the 1939 Book of A.S.T.M. Standards, 
art ° 

* These specifications were adopted as standard by the 
Society and appear in the 1939 Book of A.S.T.M. Stand- 
ards, Part III 
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IV. ADOPTION OF TENTATIVE 
STANDARDS AS STANDARD 


The committee recommends that the 
following tentative standards be ap. 
proved for reference to letter ballot of 
the Society for adoption as standard: 


Tentative Methods of: 

Test for Shrinkage in Laundering of Silk 
and Rayon Woven Broad Goods (D 416 
35 T), revised as proposed in the Appendix, 

Testing Pile Floor Covering (D 418 
38 T),?7 without revision, 

Testing and Tolerances for Certain Carded 
Cotton Gray Goods (D 433 — 36 T),* without 
revision, 

Testing and Tolerances for Yarns Spun 
from Wool Mixed with Fibers Other than 
Wool (D 508 — 38 T),? without revision, 

Test for Fastness of Colored Textil 
Fabrics to Light (D 506 — 38 T), revised as 
proposed in the Appendix, and 

Testing and Tolerances for Spun Rayon 
Yarns and Threads (D 507 — 38 T), revised 
as proposed in the Appendix. 


V. ADOPTION AS STANDARD OF TENTIA- 
TIVE REVISIONS OF STANDARDS 


The committee recommends that the 
tentative revisions? of the following three 
standards which have been published for 
a year or more be approved for adoption 
as standard: 


Standard General Methods of Testing Woven 
Textile Fabrics (D 39-38; A.S.A. L5 
1938), changes in Sections 16 and 17, 

Standard Specifications for Textile Testing 
Machines (D 76-37), change in Section 
2 (d), 

Standard Methods of Testing and Tolerances 
for Cotton Sewing Threads (D 204 — 36). 


VI. TENTATIVE STANDARDS AND REVI- 
SIONS CONTINUED AS TENTATIVE 


The committee recommends that all 
other tentative standards and tentative 
revisions of standards under its jurisdic- 
tion not specifically mentioned be con- 
tinued as tentative. 


1 Proceedings, Am. Soc. Testing Mats., Vol. 38, Part], 
pp. 1188, 1176 (1938) ; also 1938 Book of A.S.T.M. Tentative 
Standards, pp. 1506, 1490. I 

8 Proceedings, Am. Soc. Testing Mats., Vol. 36, Part * 
p. 1143 (1936); also 1938 Book of A.S.T.M. Tentative 
Standards, p. 1438. I 

9 Proceedings, Am. Soc Testing Mats., Vol. 38, Parti, 
pp. 1333 to 1337 (1938); also 1938 Book of A.S.T.M. Tenta- 
tive Standards, pp. 1699 to 1703. 
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The recommendations appearing in Threads (D 204-36). This revision, 
this report have been submitted to letter which provides a method for determining 


the ballot of the committee which consists yardage of thread in a package, has been 

ap- of 210 members, with the results shown tentative for one year, during which time 

of in Table I. no criticisms have been received con- 
cerning it. 

ACTIVITIES OF SUBCOMMITTEES Section III on Lightand Medium Cotton 
cn The activities of those subcommittees Woven Fabrics (R. T. Fisher, chairman) is 

16 and sections which are submitting recom- recommending tentative revisions of the 
dix 
» TABLE I.—ANALYSIS OF LETTER BALLOT VOTE. 

Ballots 
rded Items Affirmative | Negative Marked 
hout “Not Voting” 
spun I. New TENTATIVE STANDARDS 

Testing and Tolerances for Single ‘Jute 42 0 51 
; Test for Apparent Fluidity of Dispersions of Cellulose Fibers in cine | : 
xtile 39 0 54 
d as Il. REvistons or TENTATIVE STANDARDS 
avon Definitions and Terms Relating to Textile (423-0 FT)... 79 14 
y Testing and Tolerances for Rayon (D 258 - 37 T)................2-.000. 5U 0 43 
/1Se esting and Tolerances for Woven Tapes 259 - 36 Steele eels 44 0 49 
d T d Tol for W yo (D 2 
IIL. Revisions oF STANDARDS 
NTA- Testing and Tolerances for Knit Goods (D 231 - 33), immediate adoption 36 0 57 
Spec. and Tests for Osnaburg Cement Sacks (D 205 - 27), immediate 
Spec. and Tests for Asbestos Yarns (D 299- - 37) ere 32 0 61 - 
e pec. and Tests for Asbestos Roving for Electrica urposes 375 — 37) 33 60 
th § d Tests for Asb R for El IP (D 375 - 37 0 
Spec. and Tests for Cotton Goods for Rubber and Pyroxylin Coating 
hree (D 334 - 34). . 50 2 41 
| for Testing and Tolerances for Tire Cord, Woven and on Cones (D 179 - 38) 44 1 48 
tion IV. Apoption OF TENTATIVE STANDARDS AS STANDARD 
Test of Shrinkage in Laundering of Silk and Rayon Woven Broad Goods 
ial Testing Pile Floor Coverings (D 418 - 38 T)...... 36 0 57 
ove! Testing and Tolerances for Certain Carded Cotton Gray Goods 
L5 53 0 40 
Testing and Tolerances for Yarns Spun from Wool Mixed with Fibers 
; Other than Wool (D 508 - 38 T). ; 44 0 49 
sting Test for Fastness of Colored Textile Fabrics to Light (D 506 - 38 ‘Ts, 
tion as revised . . : 57 0 36 
— Testing and Tolerances for Spun Rayon Yarns and Threads (D 507 ~ 38 T), 
ances V. Apoption AS STANDARD OF TENTATIVE REVISIONS OF STANDARDS 
Testing Woven Textile Fabrics (D 39 - 38; A.S.A. L 5 weed re eae 68 0 25 
Boe Spec. for Textile Testing Machines (D 76 - 37) 68 1 24 
.EVI- Testing ax and Tolerances sor ¢ Cotton a Sewing Threads (D 204 - 36). aepree 48 1 44 
endations affecting standards aresum- Standard Specifications and Methods 
i marized below: of Test for Cotton Goods for Rubber 
Subcommittee A-1 on Cotton and Its Py lin Coating (D 334 34) 
Products (K. B. Cook, chairman): a modification 
~ Section II on Cotton Varns and Threads the total allowable percentages of 
ntative A.C. Clifford, chairman) is recommend- Sizing and natural oils and waxes. The 
Part I, ing the adoption of the tentative revision Section is also recommending the adop- 
' of the Standard Methods of Testing tion of the Tentative Methods of Testing 
Tenta- and Tolerances for Cotton Sewing and Tolerances for Certain Carded 


Cotton Gray Goods (D 433 - 36 T) 
which have been tentative for three 
years, during which time no criticisms 
have been received concerning them. 

Section IV on Tire Fabrics (Martin 
Castricum, chairman) is presenting a 
revision of the Standard Methods of 
Testing and Tolerances for Tire Cord, 
Woven and on Cones (D 179 — 38). 
This revision provides requirements for 
the number of tests to be made in the 
measurement of the physical character- 
istics of tire cord. 

Section V on Heavy Cotton Woven 
Fabrics (B. L. Whittier, chairman) 
recommends the continuation of the 
Standard Specifications for Tolerances 
for Numbered Cotton Duck (D 230 —27) 
in their present form pending a review 
of the standard looking toward recom- 
mending any desirable changes. 

Section VI on Narrow Fabrics (F. S. 
Mapes, chairman) is presenting a re- 
vision, as given in the Appendix, of the 
Tentative Methods of Testing and 
Tolerances for Woven Tapes (D 259 - 
36 T). This revision provides for a 
change in the type of gage used for the 
measurement of thickness, and editorial 
changes in the requirements for the ap- 
paratus and method for the determina- 
tion of acidity. 


Subcommittee A-2 on Rayon and Its 
_ Products (A. M. Tenney, chairman): 


_ Section I on Rayon (A. M. Tenney, 
chairman) is presenting a revision, as 
given in the Appendix, of the Tentative 
Methods of Testing and Tolerances for 
Rayon (D 258-37 T). This revision 
provides for the elimination of require- 
ments for spun rayon which now appear 
in separate standards, certain changes 
in tolerances, and making the single 
strand method the preferred method for 
tensile strength determination. 

Section IIT on Rayon Fabrics (Alexis 
Sommaripa, chairman) is recommending 
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the adoption of the Tentative Method of 
Test for Shrinkage in Laundering of 
Silk and Rayon Woven Broad Goods 
(D 416-35 T) revised as given in 
the Appendix. This section is retain- 
ing the Tentative Method of Test for 
Resistance to Yarn Slippage in Silk, 
Rayon, and Silk-Rayon Woven Broad 
Goods (D 434 — 36 T) as tentative since 
the method is now being studied with a 
view to its improvement. 

Section III on Rayon Staple and Spun 
Rayon Yarn (K. B. Cook, chairman) is 
presenting for publication, new Tenta- 
tive Methods of Testing Rayon Staple.’ 
These methods were developed in re- 
sponse to an imperative demand for 
standard methods of testing, arising from 
the extensive use of rayon staple. 

The section is recommending the adopt- 
tion of the Tentative General Methods 
of Testing and Tolerances for Spun 
Rayon Yarns and Threads (D 507 - 
38 T), revised editorially as given in 
the Appendix. 


Subcommittee A-3 on Wool and Its 
Products (A. G. Ashcroft, chairman): 


Section III on Woolen and Worsted 
Yarns (Fred Noechel,chairman) is recom- 
mending the adoption of the Tentative 
Methods of Testing and Tolerances for 
Yarns Spun from Wool Mixed with 
Fibers Other than Wool (D 508 38 T) 
no criticisms having been received of 
these methods. 

Section IV on Pile Floor Coverings 
(J. N. Dow, chairman) is recommending 
the adoption of the Tentative Methods 
of Testing Pile Floor Coverings (D 418 - 
38 T), no criticisms having been received 
of these methods. 

Subcommittee A-4 on Asbestos and Its 


Textile Products (F. S. Mapes, chair- 
man): 


This subcommittee is recommending 
for publication tentative revisions, 4 
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given in the Appendix, of the Standard 
Specifications and Methods of Test for 
Asbestos Yarns (D 299 ~— 37) and for 
Asbestos Roving for Electrical Purposes 
D 375 -37). These revisions provide 
, clarification of the wording and a 
distinction between metallic and re- 
inforced yarns in methodsof determining 
asbestos content and yards per pound. 


Subcommittee A-5 on Bast and Leaf 
Fibers and Their Products (A. R. 
Howe, chairman): 


To meet a long-standing need for 
standard test methods, this subcommittce 
ispresenting for publication, new Tenta- 
tive Methods of Testing and Tolerances 
for Single Jute Yarn.* 

The subcommittee is studying the 
Standard Specifications and Methods of 
Test for Cuban (Jute) Raw Suger Bags 
D 275 — 33), but is not ready to make 
any definite recommendations regarding 
arevision of this standard. 


Subcommittee B-1 on Methods and 
Machines (W. D. Appel, chairman): 


Section I on Methods (W. D. Appel, 
chairman) is recommending the adoption 
ithe tentative revisions of the Standard 
beneral Methods of Testing Woven 
lextile Fabrics (D 39 — 38; A.S.A. 
L) - 1938) which provide for a method 
idetermining the bow and the twist of 
ams in fabrics; the revision of the 
aveled strip method is being continued 
8 tentative for another year. 

The section is also recommending for 
mmediate adoption a revision® of the 
‘tandard Methods of Testing and Toler- 

es for Knit Goods (D 231 — 33) which 

ill bring the standard into accord with 
resent practice. 

section IT on Machines (H. J. Ball, 
lairman) is recommending the adoption 
‘the revision, which has been published 
‘tentative for a year, of Section 2 
‘) of the Standard Specifications for 


Textile Testing Machines (D 76 — 37), 
no criticisms having been received of 
this method of calibrating vertical test- 
ing machines. The revision which 
specifies requirements for testers for de- 
termining bursting strength is being re- 
tained as tentative for another year. 


Subcommittee B-2 on Nomenclature and 
Definitions (A. G. Scroggie, chairman): 


This subcommittee is presenting for 
publication a revision of the Tentative 
Definitions and Terms Relating to Tex- 
tile Materials (D 123-38 T). The re- 


definitions to D 123 from the Glossary of 
Terms.” Additional definitions are being 
presented for publication in the Glossary. 


Subcommittee B-4 on Bleaching, Dyeing 
and Finishing (W. M. Scott, chair- 
man): 


This subcommittee is presenting for 
publication, a new Tentative Method of 
Test for Apparent Fluidity of Disper- 
sions of Cellulose Fibers in Cupram- 
monium Hydroxide*® which provides a 
standard test for measuring the degrada- 
tion of cellulose in finishing operations. 

The subcommittee also recommends 
the adoption of the Tentative Method of | 
Test for Fastness of Colored Textile | 
Fabrics to Light (D 506 — 38 T), revised 
as given in the Appendix. The revi-— 
sions provide for the use of a standard 
sample of a particular material for rating 
fastness to light when specified rather _ 
than reference to standard dyeings. 


Subcommittee B-6 on Papers (R. H. 
Brown, chairman): 


This subcommittee arranged for a 
Symposium on Spun Rayonand Blended 
1° Compilation of ‘‘A.S.T.M. Standards on Textile 


Materials,”’ p. 259, October, 1938, available as a separate , 
publication. 


vision includes the addition of new 
definitions, changes in certain existing 
definitions, and the transfer of certain 


of 
of 
ods By 
in 
® 
for 
ilk, 
oad 
ince 
is 
nta- 
re- 
for 
rom 
opt- 
nods 
pun 
n in 
| 
an): 
rsted 
com- 
itive 
s for 
with 
8 T) 
ed of 
rings 
\ding 
thods 
418 - 
eived 
chair- 
nding 
1S, as | 


acs at the October, 1938, meeting. 
The following papers were presented: 
“Rayon Staple Manufacture,” by Frederic 
Bonnet, 
“Test Methods,” by H. DeW. Smith, 
“Processing of Spun Rayon and Spun 
Rayon Mixtures,” by W. H. Cady, 
“Fabrication, Merchandising and Con- 
struction of Spun Rayon and _ Blended 
Fabrics,” by Alexis Sommaripa, and 
“The Economic Significance of Rayon 
Staple Fiber—A Few Observations on the 
Industry Here and Abroad,” by S. B. Hunt. 
The subcommittee also arranged for 
the presentation of the following papers 
at the Twenty-fifth Anniversary Meet- 
ing held in March, 1939: 
“History of Committee D-13,” by H. J. 
Jaquith, 
“Committee D-13 and the Textile Indus- 
try,” by H. J. Ball, and 


“Some Important Phenomena in Moisture 
Adsorption,” by E. K. Strachan. 


Abstracts of the above papers are 
being prepared for publication in the 
1939 edition of the compilation of 
“A.S.T.M. Standards on _ Textile 

Materials.” 


Special Committee for Testing of Textile 
Finishes (L. B. Arnold, Jr., chairman): 
The Special Committee for Testing of 

Textile Finishes was organized under the 

sponsorship of Committee D-13 as a 

cooperative research project for the 

purpose of developing physical test 


11 ASTM Buttetin, No. 98, May, 1939, p. 19. 
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methods for textile finishes. Its fund 
have been obtained from subscription 
by interested firms. These are paid t 
the treasurer of the Society and pa 
ments are made from the fund upo 
proper authorization by the Directing 
Committee. 

The membership of the committ 
comprises the subscribers to its research 


PROP' 
fund, W. D. Appel and K. H. Barnard 
in an advisory capacity, and H. J. Bal § yy J 
as chairman of Committee D-13. avisios 
The research work will be done by a nn ste 
research associate employed by the com- § hich 
mittee and working at the National report. 
Bureau of Standards in the Textile Sec- 
tion under the immediate guidance of 
W. D. Appel. The types of finishes for Bim 


which it is proposed to develop test 
methods are softened finishes, crease- Rev 


resistant finishes, slip-proofed finishes, & tentati 
shrink-proofed finishes, and flame- Tole 
proofed finishes. Tille 
This report has been submitted to om 
letter ballot of the committee which ‘os 
consists of 210 members; 93 members Tent: 
returned their ballots, all of whom have § "*" 
voted affirmatively. Secti 
iy the 

Respectfully submitted on behalf of Bind th 
the committee, 
H. J. Bau, 

Chairman. 

W. H. Wuitcoms, 


Secretary. 
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APPENDIX 


PROPOSED REVISIONS IN STANDARDS FOR TEXTILE MATERIALS 


In this Appendix are given proposed _ is equal numerically to the number of grams per 
evisions in certain standards and tenta- 10,000 m. 
tive standards covering textile materials 
which are referred to earlier in this 
report. In connection with each title is 
given the reference to the publication in 


Section 8.—Change the tolerances in 
on which the standard appears in its present Paragraphs (a) and (6) to read as follows 
form. 


io by the addition of the italicized figures 
rease Revisions of Tentative Standards and the omission of the figures in 


lishes, Tentative Methods of Testing and 


flame- Tolerances for Rayon (D 258- 37T):' [10] & per cent for denier finer than 150, and 
[ 8] 6 per cent for 150 denier or coarser. 


Section 6.—Delete this section which 
defines spun rayon yarns, renumbering 
the subsequent sections accordingly. 


com 
tional 
e Sec- 
ice of 


Tille Change the title to read as 
YT lows by the addition of the italicized 5] 4 per cent for denier finer than 150, and 


[ 
, ords: { 4] 3 per cent for 150 denier or coarser. 
which 


mbers lentative Methods of Testing and Tolerances Section 9.—Delete this section which 
) have tLonlinuous Filament Rayon Yarns. gives tolerances for spun rayon yarn, 
‘ection 1.—Change to read as follows Tenumbering the subsequent sections 
the addition of the italicized words 2¢cordingly. 
ialf of ff and the omission of those in brackets: Section 11.—Change the permissible 
a variations in twist to read as follows by 
wt, -.. These methods of testing and tolerances the addition of the italicized words and 
i ply to the various types of rayon yarns in the fj ’ d the aie f th ; 
rman. m of continuous filaments [or yarnl. 
brackets: 
Section .—Delete this parag 
which d : (c) Delete this paragraph Turns per Inch Permissible Variations 
hs Under 73 +[25] 20 per cent 
Section 5.—Change from its present 7} to 10 +[15] JO per cent 
frm: namely [over] 10 and over... .. + 5 per cent 
a? 


’. The denier of a rayon yarn is numerically Section 16,—Change the last sentence — 
to the weight in grams of 9000 m. from its present form: namely, 


read as follows: Mounting medium, either methylene iodide _ 
or monobrom naphthalene. 


. The denier of a rayon yarn is the number 
nit weights of 0.05 g. per 450-m. length. to read as follows: 
te 1.—Denier is equal numerically to the 


aber of grams per 9000 m. Mounting media: For regenerated ii 
‘ore 2..-The ‘“‘New International Denier” _rayons, either colorless mineral oil 


s index 1.46) or monobromnapthalene (refractive 
roceedings, Am. Soc. Testing Mats., Vol. 37, Part I, 


(1937);' also’ 1988 Book of ASTM. Tentative 1.66); for acetate rayon, decane (refrac- 
rds, p. 1449. tive index 1.41). 
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_ Section 26 (a).—Change the last 
sentence of this section to read as follows 
by the addition of the italicized figures 
and the omission of those in brackets: 


A tolerance of plus or minus 2 per cent is 
permitted in relative humidity and [plus 10 F. 
(6C.)] plus or minus 2 F. (1.1 C.) in tempera- 
ture. 

Sections 25 to 29.—Renumber as 
Sections 26 to 30 and designate the 
method for strength as the ‘Alternate 
Method.” 

Sections 30 to 32.—Renumber as 
Sections 23 to 25 and designate the 
method for strength as the “Preferred 
Method.” 


_ Tentative Methods of Testing and 
Tolerances for Woven Tapes 
(D 259 — 36 T):? 


Section 8. 


Change to read as follows 
by the addition of the italicized words 
, and the omission of those in brackets: 
8. The thickness of the tape shall be deter- 
mined in accordance with [Method B of the 
Tentative Methods of Test for Thickness of 
Solid Electrical Insulation (A.S.T.M. Designa- 
tion: D 374 — 36 T)| the Standard General Meth- 
ods of Testing Woven Textile Fabrics (A.S.T.M. 
Designation: D 39) of the American Society for 
Testing Materials. 


Section 20.—Change the first sentence 
in Paragraph (a) to read as follows by the 
addition of the italicized word and the 
omission of the word in brackets: 


The determination of acidity or alkalinity of 
tapes shall be determined on any standard 
_ commercial quinhydrone pH indicator having a 
 sensivitity and [accuracy] readibilily of 0.02 pH. 


Change the first sentence of Paragraph 
(c) to read as follows by the addition of 
the italicized words: 


A stock solution of potassium chloride shall 
be prepared by adding special c.p. potassium 
chloride, free from bromate, to hot distilled water 
until saturated and the solution allowed to cool. 


2 Proceedings, Am. Soc. Testing Mats., Vol. 36, Part I, 
p. 1147 (1936); also 1938 Book of A.S.T.M. Tentative 
Standards, p. 1442. 
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Add as a new paragraph (d) a descrip. 


tion of the quinhydrone used to read a; § Stan 
follows, relettering the subsequent para- T 
graphs accordingly: Pi 
Se 
(d) The quinhydrone used in the test s} 
have a quinone content within the limit on 
49 to 51 per cent of the total weight. (b) 
be de 
Change Paragraph (j) of this secti core } 
to read as follows by the addition of the Stan 
italicized word and the omission of the Te 
word in brackets: 
Se 
(j) The potentiometer shall be [sensitiy its p 
readable to at least 0.001 v. 3 
yarn 
Section 21.—Change the first sentence J pounc 
of Paragraph (6) to read as follows by § follow 
the addition of the italicized words: 
The solution for the acidity test shall be De i 
prepared by placing a 10-g. sample of the tape 
cut into pieces } in. square in a Soxhlet extractor 
and adding sufficient water to cover it. < a 
7-cut 
Change Paragraph (c) of this section sut 
from its present form to read as follows: ro 
(c) The potassium chloride-calomel electrode 
shall be inserted into the prepared test solution me 
(Paragraph (5)) so that the end of the electrode U-cut 
extends well below the level of the solution. — 
The platinum or gold electrode shall be inserted cut 
into the solution at the opposite side of the “cut 
calomel electrode. It shall be so placed that . 
the gold or platinum of the electrode is wel (6) 
below the level of the solution. Solid quis- be det 
hydrone shall be added to the test sample until yarn. 
no more will dissolve. Since quinhydrone is AZ 
not very soluble, only a small amount will be asbest 
required. The electrodes, potentiometer, galva- gn 
nometer, Weston or similar standard cell, and yarda 
the 2-v. battery shall be connected so as hen } 
measure the voltage between the electrodes t 
(Fig. 2). The potentiometer and temperature 
readings shall be taken 2 min. after the immer: | (d) 
sion of the electrodes in the sample. The pH vam } 
value shall be determined from standard tables. cut in 
During the whole procedure care shall be taken wre, 
to prevent contamination of the test solution by () 
gases which may be present in the surrounding pl 
era! 


atmosphere. Duplicate tests shall be made 0 
composite samples of the tape and the pH value 
reported for each sample. 
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_ _ PROPOSED REVISIONS IN STANDARDS FOR TEXTILES 


Tentative Revisions of Standards 


Standard Specifications and Methods of 
Test for Asbestos Roving for Electrical 
Purposes (D 375 37):' 


Section 6.—Add a new Paragraph (6) 
to read as follows: 

(b) The cut of reinforced asbestos roving shall 
be determined without removing the reinforcing 
core yarn. 

Standard Specifications and Methods of 

Test for Asbestos Yarns (D 299 - 37) :' 


Section 3.—Change this section from 
its present form to read as follows: 


3. (2) The standard number of asbestos 
yarn is designated as “cut.” The yards per 
pound of the standard cuts shall conform to the 
following : 


Permissible 


Nom- 

Cut inal a Variations in 

Designation Yards Average Yards 

Pound per Pound Single Skein 

eee 500 | 450 to 549 400 to 599 

_ 600 550 to 649 500 to 699 

ee 700 650 to 749 600 to 799 

Ce 800 750 to 849 700 to 899 

900 $50 to 949 800 to 999 
Best......... 1000 950 to 1049 900 to 1099 
ae 1200 1150 to 1249 1100 to 1299 
ee 1400 1300 to 1499 1200 to 1599 
ae 1600 1500 to 1699 1400 to 1799 
ar 1800 1700 to 1899 1600 to 1999 
cut... 2000 1900 to 2099 1800 to 2199 
ree 2200 2100 to 2299 | 2000 to 2399 
2400 2300 to 2499 | 2200 to 2599 
CHt......... 2600 2500 to 2699 | 2400 to 2799 
TS 2800 2700 to 2899 2600 to 2999 
yp 3000 2900 to 3099 2800 to 3199 
S-cut 3500 3300 to 3699 3100 to 3899 


(b) The cut of reinforced asbestos yarn shall 
be determined without removing the reinforcing 
yarn. 

(c) The nominal yardage per pound of plied 

sbestos yarn shall be determined in the follow- 

g manner: Divide the nominal single yarn 
yardage per pound by the number of plies and 
then reduce the yardage so obtained by 10 per 
cent to correct for contraction caused by 

sting. 

d) The yards per pound of metallic asbestos 
yarn is less than that of plain yarn of the same 
itin proportion to the weight of the inserted 

(¢) The yards per pound of sized yarn, single 
t plied, shall be subject to an additional 
‘lerance of minus 2 per cent in comparison 

ith the corresponding untreated yarn. 
Tentative revision, submitted June, 1939. 


yi =~ Supplement to Book of A.S.T.M. Standards, pp. 
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Section 5 (b).—Change to read as 
follows by the addition of the italicized 
words and the omission of those in 
brackets: 


(b) The asbestos content of [metallic and of] 
reinforced asbestos [yarns] yarn shall be deter- 
mined [after the wire and reinforcing strands 
have been removed from the samples] without 
removing the reinforcing core yarn. 


New Paragraph.—Add a new para- 
graph (c) to read as follows: 

(c) The asbestos content of metallic asbestos 
yarn shall be determined after the wire has 
been removed. 

Tentative revision, submitted June, 1939. 


Section 8._-Change to read as follows 
by the addition of the italicized words: 
8. The cut of plain or reinforced asbestos 
yarn, single or plied, shall be calculated by 
dividing by 100 the yards per pound as deter- 

mined in accordance with Section 9. 
Tentative revision, submitted June, 1939. 


Section 9.—Change the first sentence 
of Paragraph (a) to read as follows by 
the addition of the italicized words and 
the omission of those in brackets: 

In determining the [cut] yards per pound of 
single-ply plain or reinforced asbestos yarn, 
there shall be selected from each case of 300 lb. 
or fraction thereof, twelve 15-yd. skeins not 


more than three of which shall be from the 
same tube. 


Change the first sentence of Paragraph 
(b) to read as follows by the addition of 
the italicized words and the omission of 
those in brackets: 

To determine the [cut] yards per pound of a 
single-ply yarn in plied, plain or reinforced 
asbestos yarn, the skeins shall be selected and 
tested in accordance with Paragraph (a). 


Change the first sentence of Para- 
graph (c) to read as follows, by the 
addition of the italicized words and the 
omission of those in brackets: 


To determine the [cut] yards per pound of 
metallic [or of reinforced] asbestos yarn, single 
or plied, the weight in grams of the wire or 
reinforcing strands in a 15-yd. skein shall be 
determined. 

Tentative revision, submitted June, 1939. 
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Standard Specifications and Methods of 
- Test for Cotton Goods for Rubber and 
q Pyroxylin Coating (D 334 — 34) :* 


Section 5.—-Change the total allowable 
percentages of sizing and natural oils and 
waxes for sateens and broken twills, 
specified in this section, to read as fol- 
lows, by the addition of the italicized 
percentages and the omission of those 
in brackets: 

Sheetings............ [8.5] 10.75 per cent 
{11] /2.0 per cent 


Sateens.... [10.25] /2.0 percent 
[8.15] 11.25 per cent 


Tentative revision, submitted June, 1939. 


Standard Methods of Testing and Toler- 
ances for Tire Cord, Woven and on 
Cones (D 179 - 38):° 


Section 11.—Change this section from 
its present form to read as follows: 


11. Number of Tests.—The number of tests 
required for the determination of each physical 
property of tire cord shall be in accordance with 
Table I which also gives the information on 
which the requirements are based. The sam- 
pling of the shipment shall be as complete or 
representative as possible within practical 
limitations. 


_ TABLE I.—-NUMBER OF TESTS. 


Breaking Yards Thick- Twist 
Strength per ness 
Pound 


Number of tests, n.. 40 10 10 12 
Coefficient of varia- 


tion, V, percent.. 7 2 2 4 
Precision, per cent.. 3 2 3 
Probability. .. ..0.99 0.99 0.99 0.99 


Nore.—-Information available to the com- 
mittee indicates that the values given in Table I 
for coefficient of variation, V, are approximately 
correct, but if the running level of V based on 
experience is found to be V,, the number of 
tests, m,, required will be determined from the 
following formula: 

Vixn 
= y2 - 

In no case shall m be less than nm. _ 
Tentative revision, submitted June, 1939. 


+ 1936 Book of A.S.T.M. Standards, Part II, p. 1295. 
5 1938 Supplement to Book of A.S.T.M. Standards, p. 
227. 
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ser 


Adoption of Tentative Standards as 
Standard 


Tentative Method of Test for Shrinkage 
in Laundering of Silk and Rayon Wo- 
ven Broad Goods (D 416 - 35 T):' 


Title.—-Change to read as follows by 
the addition of the italicized words and 
the omission of those in brackets: 


Tentative Method of Test for Maximum 
Residual Shrinkage [in Laundering] of Silk and 
Rayon Woven [Broad Goods] Fabrics. 


Section 1.—Change to read as follows 
by the addition of the italicized words 
and the omission of those in brackets: 

1. This method covers the test procedure for 
determining the maximum residual shrinkage of 
silk and rayon [woven broad goods] fabrics in 
commercial] laundering and for general technical 
purposes. 


Tentative Method of Test for Fastness of 
Colored Textile Fabrics to Light 
(D 506 38 T):’ 


Section 3.—Designate this section as 
Paragraph (a); change the introductory 
sentence by the addition of the italicized 
words, retaining without change the 
table of wool dyeings and the note; and 
add a new Paragraph (0), as follows: 

(a) The following standard dyeings on wool 
shall be used for the classification of light 
fastness, unless a standard sample has been 
provided for the particular material to be tested: 

(b) Standard samples, when specified for 
particular materials, may be used for the 
classification of light fastness. 


Section 6.—-Add a new Paragraph 
to read as follows: 
(c) When a standard sample has been 


established for a particular material, specimens 
_of the material to be graded shall be tested in 


6 Proceedings, Am. Soc. Testing Mats., Vol. 35, Part}, 
p. 1248 (1935); also 1938 Book of A.S.T.M. Tentative 
Standards, p. 1472. I 

7 Proceedings, Am. Soc. Testing Mats., Vol. 38, Part ', 
pp. 1163, 1166 (1938) ; also 1938 Book of A.S.T.M. Tentati' 
Standards, p. 1423, 1465. 
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PROPOSED REVISIONS IN 


comparison with the standard in accordance 
with Sections 4 and 5 and rated in fastness to 
light on the following basis: 
Satisfactory.—Specimens which show no 
greater change in color than the standard. 
Unsatisfactory.—Specimens which show a 
greater change in color than the standard. 


Tentative General Methods of Testing 
and Tolerances for Spun Rayon Yarns 
and Threads (D 507 — 38 T):’ 


Section 2.—Change this section to 
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read as follows by the addition of the 
italicized words: 


2. Spun rayon is yarn spun from rayon staple 
or cut rayon waste. 


Section 6.—Change the title of this 


section from its present form: namely, 
“Standard Regain” to read as follows: 


“Commercial Regain.” 
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REPORT OF COMMITTEE D-17 


ON 


-NAVAL STORES 


A meeting of Committee D-17 on 
Naval Stores was held in Baltimore, 
Md., on April 5, 1939. 

A revision of the Tentative Method of 
Test for Softening Point by Tapered 
Ring Apparatus (E 28 —- 36 T) with re- 
gard to title, use of hot plate in melting 
sample, and optional use of ball guide 
has been recommended by Technical 
Committee II of Committee E-1 on 
Methods of Testing. Committee D-17 
is represented on this technical com- 
mittee by C. E. Kinney. In order that 
Mr. Kinney’s vote would represent the 
wishes of Committee D-17 the proposed 
revisions were referred to letter ballot 
of the committee which consists of 21 
members; 21 members returned their 
ballots, all of whom have voted affirma- 
tively. 

The necessity for further revision of 
Method E 28 so as to permit the op- 
tional use of a shouldered ring for cer- 
tain high-melting point resins and modi- 
fied rosins and, for resins which evolve 
gas on fusion, to permit the presence of 
bubbles in the sample after pouring into 
ring, is now under consideration. 

Several editorial improvements have 
been made in the Standards Method of 
Test for Determination of Toluol Insol- 
uble Matter in Rosin (D 269-30) as a 
result of review of this test which has 
been standard for over six years without 
revision. 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I on Softening Point 
of Rosin (C. E. Kinney, chairman).— 


4 


One meeting of this subcommittee was 
held during the year: in Washington, 
D. C., on March 2, 1939. The com- 
mittee has proceeded with its plans and 
submitted six samples to each of its 
eight members for determinations of 
softening point by the Tentative Method 
of Test for Softening Point by Tapered 
Ring Apparatus (E 28- 36 T), using a 
shouldered ring as well as the tapered 
ring. Reports from five collaborators 
show excellent agreement on all except 
one sample. On this sample the results 
of four collaborators were in close agree- 
ment. While the average softening 
points obtained with the shouldered 
ring were slightly higher than with the 
tapered ring, the differences were so 
small that the rings may be used inter- 
changeably. Further conclusions can- 
not be made until results are obtained 
from the remaining collaborators. 

Subcommittee II on Crystallization 
(E. V. Romaine, chairman).—One meet- 
ing of this subcommittee was held during 
the year: in Wilmington, Del., on 
January 17, 1939. The present objec- 
tive of the subcommittee is to standard- 
ize the low-temperature heat-treatment 
method for determining the crystallizing 
tendency of rosin. Three samples of 
wood rosin and two samples of gum rosin 
were submitted to each member for 
test by this method. The presentation 
of results will await completion of work 
by the collaborators. 

Subcommittee IV on Acid and Sapont- 
fication Numbers and Unsaponifiable 
Matter (C. C. Zeigler, chairman).—This 
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subcommittee has before it the following 
two projects: (1) Rechecking saponi- 
fication values on samples of rosin, and 
(2) a study of the determination of un- 
saponifiable matter in rosin. 

In 1937 the subcommittee studied 
methods for the determination of acid 
value and saponification value on rosin. 
This work resulted in the publication of 
tentative methods for both of these de- 
terminations (D 464 — 37 T and D 465 
37T). It was decided at that time, how- 
ever, that the work on saponification 
value would be checked on a new series 
of cooperative samples before the meth- 
ods were recommended for adoption as 
standard. Three samples of rosin were 
sent to the members of the subcommittee 
foranalysis. Complete results, however, 
ae not available, so that compilations 
cannot be made at this time. 

A study of the method for the deter- 
mination of unsaponifiable matter is 
being continued by a small subgroup of 
the committee. 

Subcommittee V on Darkening and 
Volatile Matter upon Heating (R. J. 
Sobatzki, chairman).—No_ cooperative 
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work was undertaken by this subcom- 
mittee during the year. The chairman, 
however, made an investigation of the 
darkening of rosin on heating and was 
unable to find a laboratory method 
which would give results that could be 
translated to plant practice. His lab- 
oratory has developed a method for de- 
termining the volatile matter in rosin’ 
which gives results in close agreement | 
with the previously proposed steam 
distillation method. The loss on heat-— 
ing under certain specified conditions is | 
determined by weighing. It is planned 
to subject this method to a series of 
cooperative tests. 


This report has been submitted to 
letter ballot of the committee which con- 
sists of 21 members; 21 members re- 
turned their ballots, all of whom have 
voted affirmatively. 


Respectfully submitted on behalf of 
the committee, 


F. P. Verrcu, 
Chairman, 


C. F. Spen, 


Secretary. 
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Committee D-18 on Soils for Engineer- 
ing Purposes has held three meetings 
during the past year: in Atlantic City, 
N. J., on June 29, 1938, in Washington, 
D. C., on November 29, 1938, and in 
Columbus, Ohio, on March 7, 1939. 

This committee is sponsoring a Sym- 
posium on Shear Testing of Soils to be 
held at this annual meeting of the 
Society. F. J. Converse and G. P. 
Tschebotareff are supervising the pro- 
gram. The symposium is presented in 
order to bring before the engineering 
profession the most recent developments 
in this phase of soil mechanics, and to 
provide those interested in the problem 
with an opportunity to discuss and co- 
ordinate their ideas. The problem of 
determining the shearing resistance of 
soils is a perplexing one. Probably no 
other physical characteristic has re- 
ceived more intensive study by those 
interested in understanding the funda- 
mental mechanics of the action of soil 
under load. Those who have studied 
the subject most extensively recognize 
that different types of equipment and 
different procedures result in different 
values of shearing resistance in some 
types of soil. During the past few 
years interest in the subject has broad- 
ened, and many laboratories are working 
on the problem. Much excellent work 
has been done and it is important that 
the various points of view and lines of 
endeavor be brought together and dis- 
cussed in order that further advances 
may proceed along sound lines. The 
papers comprising the symposium are 
as follows: 
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“Torsional Shear Tests and Their Place jn 
the Determination of the Shearing Resistance 
of Soils,” by M. Juul Hvorslev, 

“Some Practical Aspects of Soil Shear Test 
ing,” by Gregory P. Tschebotareff, 

“Essential Features of Triaxial Shear Tests, 
by C. A. Hogentogler and E. S. Barber, 

“Studies of Critical Void Ratio and Shearing 
Resistance of Cohesionless Soils by Means of a 
Triaxial Compression Machine,” by John D. 
Watson, 

“A Comparison of Results of Direct Shear 
and Cylindrical Compression Tests,” by Donald 
W. Taylor, and 

“Shearing Resistance of Soil—Its Measure- 
ment and Practical Significance,” by W. $ 
Housel. 


OF TENTATIVE STANDARDS 
AS STANDARD 


ADOPTION 


The committee recommends that the 
following seven tentative methods! of 
test be approved for reference to letter 
ballot of the Society for adoption as 
standard: 


Tentative Methods of: 


Preparing Soil Samples as Received from the 
Field for Mechanical Analysis and the Deter- 
mination of the Subgrade Soil Constants 
(D 421 38 T), 

Mechanical Analysis of Soils (D 422 - 38), 

Test for Liquid Limit of Soils (D 423 - 38 T) 

Test for Plastic Limit and Plasticity Index 
of Soils (D 424 — 38 T), 

Test for Centrifuge Moisture- Equivalent o! 
Soils (D 425 — 38 T), 

Test for Field Moisture Equivalent of Soils 
(D 426 - 38 T), and 

Test for Shrinkage Factors of Soils (D 427 - 
38 T). 


1 Proceedings, Am. Soc. Testing Mats., Vol. 38, Part I, 
pp. 942 to 968 (1938); also 1938 Book of A.S.T.M. Tentative 
Standards, pp. 947 to 973. 
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These recommendations have been 
submitted to letter ballot of the com- 
mittee which consists of 70 members; 
58 members returned their ballots, with 
the results shown in Table I. 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee III on Methods of 
Sampling Soils (R. R. Litehiser, chair- 
man) is now studying the Tentative 
Methods of Surveying and Sampling 
Soils for Use in Place as Subgrades for 
Highways (D 420-35 T). It is ex- 
pected that a revision of these methods 
will be presented for action at the next 
meeting of the committee for submission 
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soil-cement mixtures and a method of 
stabilization of soils with emulsified as- 
phalt. Itis expected that these methods 
will be acted on by the committee at 
its next meeting for presentation to the 
Society during the summer through 
Committee E-10 on Standards. These 
four methods, the titles of which are 
given below, are appended? to this re- 
port as information: 


Proposed Methods of Test for: 


Moisture-Density Relations of Soil-Cement 
Mixtures, 

Durability of Compacted Soil-Cement 
Mixtures by Repeated Freezing and Thawing, 


TABLE I.—ANALYSIS OF LETTER BALLOT VOTE. 


Items 


Ballots 
Marked 


Negative 
Voting”’ 


Affirmative 


ADOPTION OF TENTATIVE STANDARDS AS STANDARD 


6 
5 
6 
5 
2 
9 
7 


__* The classified vote on the adoption of the Tentative Method of Mechanical Analysis of Soils (D 422- 38 T) was as 
follows: Affirmative: 13 producers, 15 consumers, 14 general interests; negative: 2 producers, 5 consumers, 4 general 


interests. 


’ The classified vote on the adoption of the Tentative Method of Test for Liquid Limit of Soils (D 423 - 38 T) was as 
vs: Affirmative: 12 producers, 18 consumers, 16 general interests; negative: 2 producers, 2 consumers, 2 general 


ests. 
to the Society during the summer 
through Committee E-10 on Standards. 
Subcommittee IV on Methods of Testing 
he Physical Characteristics of Soils (C. A. 
Hogentogler, chairman) is recommend- 
ing the withdrawal of the Standard 
Method of Test for the Determination 
of Moisture Equivalent of Subgrade 
soils in the Field (D 220-29), since this 
method is to be superseded by the adop- 
ton of the Tentative Method of Test 
‘or Field Moisture Equivalent of Soils 
D426 - 38 T). 

Subcommittee V on Methods of Testing 
lr Stabilized Soils (F. C. Lang, chair- 
man) has developed methods of testing 


m the 
Deter- 


Part I, 
entative 


Durability of Compacted Soil-Cement 
Mixtures by Repeated Wetting and Drying, 
and 

Stabilization 
Asphalt. 


of Soils with Emulsified 


This report has been submitted to 
letter ballot of the committee which 
consists of 70 members; 58 members 
returned their ballots, all of whom have 
voted affirmatively. 


Respectfully submitted on behalf of 
the committee, 


W.R. 


Secretary. 


H. F. CLEMMER, 
Chairman. 


2 See pp. 498, 501, 504, 507. 
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Scope 


1. This method of test is intended for 
determining the relationship between the 
moisture content of soil-cement mixtures 
and resulting densities (oven-dry weight 
per cubic foot) when the soil-cement 
mixture is compacted in the laboratory, 
before cement hydration, as specified 


herein. 


Apparatus 


2. The apparatus shall consist of the 
following: 

(a) Mold.—A cylindrical metal mold 
having a capacity of q cu. ft. with an 
internal diameter of 4.0 in. and a height 
of approximately 4.6 in., which has a 
detachable collar assembly approxi- 
mately 23 in. in height, to permit pre- 
paring compacted specimens of soil- 
cement mixtures 4.0 in. in diameter and 
approximately 4.6 in. in height which 
have a volume of 3/5 cu. ft. The mold 
and collar shall be fastened to a detach- 
able base. (See Fig. 1.) 

(6) Rammer.—A metal rammer hav- 
ing a 2-in. diameter circular face and 
weighing 5.5 lb. The rammer shall be 
equipped with a suitable arrangement to 
control the specified drop. 


1 Under the standardization procedure of the Society, 
this proposed method is under the jurisdiction of the 
A.S.T.M. Committee D-18 on Soils for Engineering 
Purposes. 


~ = 


APPENDIX I 


PROPOSED METHOD OF TEST FOR MOISTURE-DENSITY 
RELATIONS OF SOIL-CEMENT MIXTURES! 


These are proposed methods and are published as information only. Comments are 
solicited and should be addressed to the Society, 260 S. Broad St., Philadelphia, Pa. 


(c) Sleeve.—Closed cylindrical sleeve 
slightly less than 4.0 in. in diameter or 
similar device for removing compacted 
specimens from the mold. 

(d) Balances.—A balance or scale of 
25-lb. capacity sensitive to 0.01 lb.; and 
a 100-g. capacity balance sensitive to 
0.1 g. 

(e) Drying Oven.—A thermostatically 
controlled drying oven capable of main- 
taining temperatures of about 110C. 
(230 F.) for drying moisture samples. 


Procedure 


3. (a) The air-dry soil first shall be 
pulverized to pass a No. 4 (4760- 
micron) sieve so as to separate the soil 
particles without reducing the particle 
size. The required cement shall be 
added to the pulverized soil. The test 
shall be performed only on that portion 
of the soil-cement mixture which will 
pass a No. 4 (4760-micron) sieve. The 
thoroughly mixed soil-cement sample 
shall be immediately compacted in the 
mold in three equal layers, to give a total 
compacted depth of about 5 in.; each 
layer being compacted by 25 blows of 
the rammer dropping free from a height 
of 12 in. above the elevation of each 
finally compacted layer. During com- 
paction, the mold shall rest on a uniform, 
rigid foundation. The blows shall be 
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uniformly distributed over the surface 
of the layer being compacted. After 
compacting, the collar shall be removed 
and the top carefully trimmed to, the 
exact height of the mold with a steel 
straightedge to produce a specimen 
approximately 4.6 in. in height and hav- 
ing a volume of 5 cu. ft. 

(c) The weight of the compacted soil- 
cement mixture shall be determined, the 
material removed from the cylinder, 
sliced vertically in the center and a 100-g. 
sample taken from the center, weighed 
immediately, dried in an oven at 110 C. 
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Fic. 1.—Cylindrical Mold for Moisture- 
Density Test. 


230 F.) for at least 12 hr. or to constant 
weight. This procedure establishes the 
moisture-density relation of the air-dry 
il-cement mixture. 

(d) The soil-cement mixture shall be 
again finely pulverized, so as to separate 
the soil particles without reducing the 
particle size, to pass a No. 4 (4760- 
micron) sieve and a small increment of 
moisture carefully added and thoroughly 
mixed to insure uniform distribution. 
Then the moistened and pulverized 
material shall be compacted in the mold 
in three layers as described in Para- 
staph (a), weighed, and a moisture deter- 
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mination made to establish the moisture- 
density relation for a slightly moistened 


soil-cement mixture. The soil-cement 
mixture again shall be finely pulverized, 
so as to separate the soil particles with- 
out reducing the particle size, to pass a 
No. 4 sieve and additional increments of 
water added and the same procedure fol- 
lowed of mixing, compacting in the mold, 
weighing, and making moisture deter- 
minations until the moisture content of 
the soil-cement mixture reaches a con- 
dition where it is difficult to pulverize 
the moistened materials, or it has a 
moisture content near the liquid limit. 
This procedure will establish the mois- 
ture-density relations of a soil-cement 
mixture for the moisture contents prac- 
ticable to handle in the field. 


Calculation 


4. The moisture content and oven-dry 
weight of the mixture as compacted shall 
be calculated by means of the following 
formulas: 


Moisture, per cent = 


wt. of wet soil-cement — wt. of oven- 
dried soil-cement 


x 100 


wt. of oven-dried soil-cement 
Dry weight (per cu. ft. of soil-cement as com- 


wet wt. in lb. per cu. ft. 


pacted) = X 100 


percentage of moisture plus 100 


Moisture-Density Relationship 


5. (a) The calculations in Section 4 
are made to determine the moisture con- 
tent and corresponding compacted oven- 
dry weight (density) of the compacted 
soil-cement for each test made on the 
mixture. The oven-dry weights per 
cubic foot (density) of the soil shall be 
plotted as ordinates and the correspond- 
ing moisture contents as abscissas. 

(b) Optimum Moisture Content. — 
When the moisture-density relations 
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have been determined for a soil-cement 
mixture and the results plotted as indi- 
cated in Paragraph (a), it will be found 
that by connecting the plotted points 
with a smooth line a curve is produced 
which is, generally, parabolic in form. 
The moisture content producing the 
peak of the curve shall be termed the 


Report oF ComMITTEE D-18 (APPENDIX I) 


“optimum moisture content” of the soil- 
cement mixture under the above com- 
paction. 

(c) Maximum Density.—The  oven- 
dry weight per cubic foot of moist soil- 
cement mixture at “optimum moisture 
content” shall be termed ‘maximum 
density” under the above compaction 
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Scope 


1. This method of test is intended for 
determining the durability of soil-cement 
mixtures of known composition by 
measuring the soil-cement losses, mois- 
ture changes and volume changes (swell 
and shrinkage) produced by repeated 
freezing and thawing of specimens of 
known uniform density and moisture 
ontent. 


4 


Apparatus 


2. The apparatus shall consist of the 
lowing: 
(a) Mold._A cylindrical metal mold 
having a capacity of yy cu.ft. with an 
internal diameter of 4.0 in. and a height 
| approximately 4.6 in., which has a 
etachable collar assembly 25 in. in 
night, to permit preparing compacted 
pecimens of soil-cement mixtures 4.0 
in diameter and approximately 4.6 in. 
1 height which have a volume of 3'o 
The mold and collar shall be 
stened to a detachable base. (See 
Fig. 
b) Rammer. 


A metal rammer hav- 


' Under the standardization procedure of the Society, 

S proposed method is under the jurisdiction of the 
I'M. Committee D-18 on Soils for Engineering 


An illustration of this apparatus appears in Fig. 1 on 
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PROPOSED METHOD OF TEST FOR DURABILITY OF COMPACTED 7 
SOIL-CEMENT MIXTURES BY REPEATED FREEZING 
AND THAWING! 


These are proposed methods and are published as information only. Comments are 
solicited and should be addressed to the Society, 260 S. Broad St., Philadelphia, Pa. 


ing a 2-in. diameter circular face and 
weighing 5.5 lb. The rammer shall be 
equipped with a suitable arrangement to 
control the specified drop. 

(c) Sleeve—Closed cylindrical sleeve 
slightly less than 4.0 in. in diameter or 
similar device for removing compacted 
specimens from the mold. 

(d) Balances.—A balance or scale of 
25-lb. capacity sensitive to 0.01 lb.; 
and a 100-g. capacity balance sensitive 
to 0.1 g. 

(e) Drying Oven.—A thermostatically 
controlled drying oven capable of main- 
taining temperatures of about 110C. 
(230 F.) for drying moisture samples. 

(f) Freezing Cabinet.—A freezing cab- 
inet capable of maintaining temperatures 
of minus 12 C. (10 F.) or lower. 

(g) Moist Room.—A moist room ca- 
pable of maintaining a temperature of 
21 + 1.7C. (70 + 3F.) and a relative 
humidity of not less than 90 per cent 
for seven-day storage of compacted 
specimens and for thawing frozen speci- 
mens. 

(h) Wire Scratch Brush. wire 
scratch brush made of 2-in. by 1'¢-in. flat 
No. 26 gage wire bristles assembled in 
50 groups of 10 bristles each and 
mounted to form five longitudinal rows 
and ten transverse rows of bristles on a 


73-in. by 23-in. hardwood block. 
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Preparation of Material for Molding 
_ Specimens 


_ 3. This test shall be performed on 
soil-cement mixtures compacted in the 
mold, before cement hydration, to maxi- 
mum density at optimum moisture con- 
tent and in the same manner of compac- 
tion as specified in the Proposed Method 
of Test for Moisture - Density Relations 
of Soil-Cement Mixtures.* Representa- 
tive roadway soil shall be used except as 
modified in the following Paragraph (6). 

(a) For Soil-Cement Mixtures Con- 
taining No Material Retained on the 
No. 4 Sieve. -A sufficient quantity of 
each soil-cement mixture to be investi- 
gated shall be prepared at optimum 
moisture content to provide two com- 
pacted specimens approximately 4.6 in. 
in height and 4.0 in. in diameter. 

(b) For Soil-Cement Mixtures Con- 
taining Material Retained on the No 4 
Sieve.—When the soil-cement mixtures 
contain material retained on the No. 4 
(4760-micron) sieve, the following pro- 
cedures shall be followed which vary 
from that described in Paragraph (a): 
Since the specimens are 4 in. in diameter, 
it is necessary to prescribe the maximum 
size material to be used in the specimens 
and this size shall be set at ? in. Com- 
pensation shall be made for any material 
larger than j in. by replacing it with an 
equal dry weight of No. 4 sieve to }-in. 
material of the same gradation as that 
contained in the original roadway soil 
sample. A sufficient quantity of minus 
No. 4 sieve soil-cement material shall 
be prepared at optimum moisture con- 
tent to provide two compacted speci- 
mens 4.6 in. in height and 4.0 in. in di- 
ameter after the requisite amount of 
saturated surface-moist, plus No. 4 sieve 


material, as defined above, has been 


3 See p. 498. 


— 


added to the damp, minus No. 4 sieve 
material. 


Molding Specimens 


4. (a) The prepared material shall 
be compacted in the mold in the same 
manner as that specified in the Proposed 
Method of Test for Moisture - Density 
Relations of Soil-Cement Mixtures? 
with the further provision that before 
placing and compacting the next layer, 
smooth compaction planes produced 
during compaction of each layer shall 
be scarified to form grooves, at right 
angles to each other, approximately 
} in. in width and { in. in depth and 
approximately } in. apart. During com- 
paction, a representative soil-cement 
mixture moisture sample shall be taken 
from the batch, weighed, dried in an 
oven at 110 C. (230 F.) for at least 12 hr. 
or to constant weight. The compacted 
specimens shall be removed from the 
mold, weighed and density determined; 
the volume shall be determined by (J) 
averaging the diameters measured to the 
nearest 0.05 cm. at right angles to each 
other at the center and the quarter 
points of the specimen and averaging 
the heights measured to the nearest 
0.05 cm. at the quarter points on the cir- 
cumference of the specimen, or (2) by 
immersion and displacement methods in 
a nonabsorbent liquid such as mercury. 

(b) One specimen shall be identified 
on a metal tag (or other suitable device) 
as No. 1, together with other needed 
identification marks and shall be used 
to obtain data on moisture and volume 
changes during the durability test. The 
other specimen shall be identified as 
No. 2, together with other needed iden- 
tification marks and shall be used to 
obtain data on soil-cement losses during 
the durability test. 

(c) After the required data have been 
obtained, the specimens shall be placed 


on SI 
and 

perio 
mens 
daily 
mois: 


speci 


Proce 
5. 
the 
pads, 
terial 
mens 
place 
stant 
minu 
move 
and 1 
weigl 
mens 
water 
absor 
perm: 
mens 
) 
both 
the } 
men 
shall 
all ar 
remo’ 
freezi 
shall 
The 
brush 
deter 
possil 
to th 


- 
i 
ig 
q 
a4 
: 


iden- 
to 
luring 


been 
slaced 


on suitable carriers in the moist room 
and protected from free water for a 
period of seven days. The No. 1 speci- 
mens shall be weighed and measured 
daily to give data for calculating the 
moisture content and volume of the 
specimens each day. 


Procedure 


5. (2) At the end of the storage in 
the moist room, water-saturated felt 
pads, blotters or similar absorptive ma- 
terial shall be placed between the speci- 
mens and the carriers, and the assembly 
placed in a refrigerator having a con- 
stant temperature not warmer than 
minus 12 C. (plus 10 F.) for 22 hr. and re- 
moved. The No. 1 specimen (volume 
and moisture change specimen) shall be 
weighed and measured and both speci- 
mens placed in the moist room. Free 
water shall be made available to the 
absorbent pads under the specimens to 
permit absorption of water by the speci- 
mens by capillarity. 

(b) After 22 hr. in the moist room, 
both specimens shall be weighed and 
the No. 1 specimen measured. Speci- 
men No. 2 (soil-cement loss specimen) 
shall then be given two firm strokes on 
all areas with a wire scratch brush to 
move all material loosened during 
freezing and thawing. The specimen 
shall be again weighed after brushing. 
The moisture content of the material 
brushed from the specimen shall be 
determined directly, but if this is not 
possible, it may be assumed to be equal 
to the moisture content of the No. 1 
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specimen. The oven-dry 110 C. (230 F.) 
weight of material brushed from the 
specimen shall be calculated. 

(c) The procedures described in Para- 
graphs (a) and (6) constitute one cycle 
(48 hr.) of freezing and thawing. The 
specimens shall then be replaced in the 
refrigerator and the procedure continued. 
The data collected will permit calcula- 
tions of volume and moisture changes of 
specimen No. 1 and the soil-cement 
losses of specimen No. 2. 

(d) The freezing and thawing of the 
No. 1 specimens shall be continued for 
12 cycles or discontinued prior to 12 
cycles should the measurements become 
inaccurate due to distortion or soil- 
cement loss of the specimen. The freez- 
ing and thawing of the No. 2 specimens 
shall be continued for 12 cycles, if pos- 
sible. 


Calculation 


6. The volume and moisture changes 
and the soil-cement losses of the speci- 
mens shall be calculated as follows: 

(a) The difference between the vol- 
ume of specimen No. 1 at time of mold- 
ing and subsequent volumes shall be 
calculated as a percentage of the orig- 
inal volume. 

(b) The moisture content of specimen 
No. 1 at the time of molding and sub- 
sequent moisture contents shall be cal- 
culated as a percentage of the original 
oven-dry weight of the specimen. 

(c) The soil-cement loss of specimen 
No. 2 shall be calculated as a percentage 
of the original oven-dry weight of the 
specimen. 
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APPENDIX III 


~ PROPOSE D METHOD OF TEST FOR DURABILITY OF COMPACTED 
SOIL-CEMENT MIXTURES BY REPEATED WETTING 
AND DRYING! 


‘These are proposed methods and are published as information only. Comments are 
solicited and should be addressed to the Society, 260 S. Broad St., Philadelphia, Pa. 


Scope 


This method of test is intended for 
determining the durability of soil-cement 
mixtures of known composition by meas- 
uring the soil-cement losses, moisture 
changes, and volume changes (swell and 
shrinkage) produced by repeated wetting 
and drying of specimens of known 
uniform density and moisture content. 


Apparatus 


The apparatus shall consist of the 
following: 

(a) Mold.—-A cylindrical metal mold 
having a capacity of 5 cu. ft. with an 
internal diameter of 4.0 in. and a height 
of approximately 4.6 in., which has a 
detachable collar assembly approxi- 
mately 23 in. in height, to permit pre- 
paring compacted specimens of soil- 
cement mixtures 4.0 in. in diameter 
and approximately 4.6 in. in height 
which have a volume of 3 cu.ft. The 
mold and collar shall be fastened to a 
detachable base. (See Fig. 1.)? 

(b) Rammer.—A metal rammer hav- 
ing a 2-in. diameter circular face and 
weighing 5.5 lb. The rammer shall be 


1 Under the standardization procedure of the Society, 
ASM Co method is under the jurisdiction of the 


Purpo 
2 PAn illustration of this apparatus appears in Fig. 1 on 
p. 499. 


M. Committee D-18 on Soils for Engineering 


equipped with a suitable arrangement to 
control the specified drop. 

(c) Sleeve-—Closed cylindrical sleeve 
slightly less than 4.0 in. in diameter or 
similar device for removing compacted 
specimens from the mold. 

(d) Balances.—A balance or scale of 
25-lb. capacity sensitive to 0.01 |b; 
and a 100-g. capacity balance sensitive 
to 0.1 g. 

(e) Drying Ovens.—A thermostatically 
controlled drying oven capable of main- 
taining temperatures of about 110C. 
(230 F.) for drying moisture samples. 

A thermostatically controlled drying 
oven capable of maintaining tempera- 
tures of about 71 C. (160 F.) for drying 
compacted soil-cement specimens. 

(f) Moist Room.—A moist room ¢a- 
pable of maintaining a temperature of 
21 + 1.7C. (70 + 3 F.) and a relative 
humidity of not less than 90 per cent 
for seven-day storage of compacted 
specimens. 

(g) Water Bath.—Suitable tank for 
submerging compacted specimens in 
water at about 21 C. (70 F.). 

(h) Wire Scratch Brush. 
scratch brush made of 2-in. by 7¢-iM- 
flat No. 26 gage wire bristles assembled 
in 50 groups of 10 bristles each and 
mounted to form five longitudinal rows 


A. wire 


each 
gated 
moist 


pacte 
in he 
(b) 
lainis 
Sieve. 
mta 
$760 
cedur 
from 
Since 
itis n 
ize n 
and t 
pensa 
terial 
with 


| 
! 
Prep 
| 
mold 
mum 
nte 
Wel 
Repr 
4 
4 
+4 
AM 
rad 
mi 
erial 
moist 
al 


and ten transverse rows of bristles on a 
by 23-in. hardwood block. 


Preparation of Material for Molding 
Specimens 


3. This test shall be performed on 
sil-cement mixtures compacted in the 
mold, before cement hydration, to maxi- 
mum density at optimum moisture 
content and in the same manner of com- 
paction as specified in the Proposed 
Method of Test for Moisture - Density 
Relations of Soil-Cement Mixtures.* 
Representative roadway soil shall be 
used except as modified in the follow- 
ing Paragraph (6). 

a) For Soil-Cement Mixtures Con- 
ining No Material Retained on the 
Vo. 4 Sieve.—A sufficient quantity of 
ach soil-cement mixture to be investi- 
gated shall be prepared at optimum 
moisture content to provide two com- 
acted specimens approximately 4.6 in. 
in height and 4.0 in. in diameter. 

b) For Soil-Cement Mixtures Con- 
lining Material Retained on the No. 4 
ieve.—When the soil-cement mixtures 
contain material retained on the No. 4 
4160-micron) sieve, the following pro- 
edures shall be followed which vary 
irom that described in Paragraph (a): 
since the specimens are 4 in. in diameter, 
itis necessary to prescribe the maximum 
‘ize material to be used in the specimen 
nd this size shall be set at 2 in. Com- 
ensation shall be made for any ma- 

rial larger than ? in. by replacing it 

ih an equal dry weight of No. 4 
eve to 2-in. material of the same 

lation as that contained in the orig- 

il soil sample. A sufficient quantity 
{minus No. 4 sieve soil-cement ma- 

‘lal shall be prepared at the optimum 
moisture content to provide two com- 
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pacted specimens 4.6 in. in height and 
4.0 in. in diameter after the requisite 
amount of saturated, surface-moist, plus 
No. 4 sieve material, as defined above, 
has been added to the damp, minus 


No. 4 material. 


4. (a) The prepared material shall 
be compacted in the mold in the same 
manner as that specified in the Proposed 
Method of Test for Moisture - Density 
Relations of Soil-Cement Mixtures,* with 
the further provision that before placing 
and compacting the next layer, smooth 
compaction planes produced during com- 
paction of each layer shall be scarified to 
form grooves, at right angles to each 
other, approximately { in. in width 
and § in. in depth and approximately 
; in. apart. During compaction, a 
representative soil-cement mixture mois- 
ture sample shall be taken from the 
batch, weighed, dried in an oven at 
110 C. (230 F.) for at least 12 hr. or to 
constant weight. The compacted speci- 
mens shall be removed from the mold, 
weighed, and the density determined; 
the volume shall be determined by (J) 
averaging the diameters measured to the 
nearest 0.05 cm. at right angles to each 
other at the center and the quarter 
points of the specimen and averaging 
the heights measured to the nearest 
0.05 cm. at the quarter points on the 
circumference of the specimen, or (2) by 
immersion and displacement methods 
in a nonabsorbent liquid such as mer- 
cury. 

(b) One specimen shall be identified 
on a metal tag (or other suitable de- 
vice) as No. 1, together with other 
needed identification marks and shall 
be used to obtain data on moisture and 
volume changes during the durability 
test. The other specimen shall be 


Molding Specimens 
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identified as No. 2, together with other 
needed identification marks and shall 
be used to obtain data on soil-cement 
losses during the durability test. 

(c) After the required data have been 
obtained, the specimens shall be placed 
on suitable carriers in the moist room 
and protected from free water for a 
period of seven days. The No. 1 speci- 
mens shall be weighed and measured 
daily to give data for calculating the 
moisture content and volume of the 
specimens each day. 


Procedure 


5. (a) At the end of the storage in the 
moist room, the specimens shall be sub- 
merged in tap water at room tempera- 
ture for a period of 5 hr. and removed. 
The No. 1 specimen (volume and mois- 
ture change specimen) shall be weighed 
and measured. 

(6) Both specimens shall be placed 
in an oven at about 71 C. (160 F.) for 


42 hr. and removed. ‘Then, both speci- 
mens shall be weighed and No. 1 speci- 
men measured. Specimen No. 2 (soil- 
cement loss specimen) shall then be 
given two firm strokes on all areas with a 
wire scratch brush to remove all ma- 
terial loosened during wetting and dry- 


ing. The specimen shall again be 
weighed after brushing. The moisture 
content of the material brushed from 
the specimen shall be determined di- 
rectly, but if this is not possible, it may 
be assumed to be equal to the moisture 
content of the No. 1 specimen. The 
oven-dry 110 C. (230 F.) weight of ma- 
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terial brushed from the specimen shall be 
calculated. 

(c) The procedures described in Para- 
graphs (a) and (6) constitute one cycle 
(48 hr.) of wetting and drying. The 
specimens shall then be again submerged 
in water and the procedure continued. 
The data collected will permit calcula- 
tions of volume and moisture changes of 
specimen No. 1 and the soil-cement 
losses of specimen No. 2. 

(d) The wetting and drying of the 


- 1 specimens shall be continued for 


12 cycles or discontinued prior to 12 
cycles should the measurements become 
inaccurate due to distortion or soil- 
cement loss of the specimens. The 
wetting and drying of the No. 2 speci- 
mens shall be continued for 12 cycles, 
if possible. 


Calculation 


6. The volume and moisture changes 
and the soil-cement losses of the speci- 
mens shall be calculated as follows: 

(a) The difference between the vol- 
ume of specimen No. 1 at the time of 
molding and subsequent volumes shall 
be calculated as a percentage of the 
original volume. 

(6) The moisture content of specimen 
No. 1 at the time of molding and sub- 
sequent mcisture contents shall be cal- 
culated as a percentage of the original 
oven-dry weight of the specimen. 

(c) The soil-cement loss of specimen 
No. 2 shall be calculated as a percentage 
of the original oven-dry weight of the 
specimen. 
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APPENDIX IV 


PROPOSED METHOD OF TEST FOR STABILIZATION OF SOILS WITH 


EMULSIFIED ASPHALT! 


These are proposed methods and are published as information only. Comments are 
solicited and should be addressed to the Society, 260 S. Broad St., Philadelphia, Pa. 


Scope 


1. (2) This method of test is intended 
for determining the absorption of soil 
specimens, and the stability of the same 
specimens after they have been sub- 
jected to the absorption test. 

(}) The results obtained from this 
est are used to determine the changes 
n soll properties produced by stabiliza- 

n with emulsified asphalt, and to 
termine the efficiency of stabilization 
wy resistance to plastic flow. . 
ABSORPTION TEST 
Apparatus 

2. The apparatus shall consist of the 
lowing: 

a) Specimen Molds. Molds consist- 
ng of seamless brass tubing 2 in. in 
nside diameter by 5 in. in height for 
forming the soil specimens. 

b) Tamping Tool.-A tamping tool 
nade from a steel rod 1 in. in diameter 
ind 8 in. in length with a flat end. 

Drying Pans.—Shallow pans (ap- 

imately 23 by 10 by 15 in.) for 
ding the wet soil after mixing and 
itil the soil is dried to a proper con- 
tency for molding. 

¢) Steel Plunger.—A steel plunger 
7 + 0.01 in. in diameter and 6 in. 


Under the standardization procedure of the Society, 
- weed method is under the jurisdiction of the 
So Committee D-18 on Soils for Engineering 


in length for transmitting pressure to 
the specimen while the latter is con- 
tained within the mold. 

(e) Compression Machine.—A testing 
machine capable of applying a compres- 
sive load of at least 40,000 lb. at uni- 
form rates of from 0.4 to 0.5 in. per 
min., to be used for applying pressure 
to the specimen after molding and in 
subsequent tests. 

(f) Sieves—A }4-in. screen or No. 4 
round-hole sieve conforming to the 
Standard Specifications for Sieves for 
Testing Purposes (A.S.T.M. Designa- 
tion: E 11) of the American Society for 
Testing Materials.” 

(g) Constant Temperature Oven.—A 
suitable drying oven, thermostatically 
controlled at a temperature of 140 + 
3 F. (60 + 1.6C.), used for drying the 
molded soil specimens to constant 
weight. The oven shall be ventilated 
and provided with a fan to circulate 
the air. It may be provided with pans 
of calcium chloride to lower the humidity 
and accelerate drying. 

(h) Capillary Water Absorption Cab- 
inet.—A cabinet as shown in Fig. 1 
consisting of a covered box-like com- 
partment 7 ft. in length by 2 ft. in 
width by 13 in. in depth. The cabinet 
shall be provided with a hinged cover. 


2 1939 Book of A.S.T.M. Standards, Parts II and ITI. 
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A room in which a constant relative 
humidity of more than 95 per cent is 
maintained may be used in lieu of the 
cabinet. It shall contain a copper pan 
1 in. in depth and conforming to the 
inside floor dimensions of the cabinet. 
The pan shall be filled level with stand- 
ard Ottawa sand and covered with 
heavy cotton flannel. The pan shall 
be attached to a water-feeding device 
which shall maintain distilled water in 
the pan at a constant level of about § in. 
below the cloth. 


WATER LEVEL TO BE 
BELOW CLOTH 


TUBE 
Fic. 1. 


(i) Balance-—A balance having a 
capacity of 500 g., or more, and sensitive 
to 0.1 g. for weighing the soil specimens. 


Test Specimens 


3. (a) Preparation of Soil.—The soil, 
or aggregate, to be tested, shall be air- 
dried, aggregations of the soil shall be 
broken up with a rubber pestle as de- 
scribed in the Standard Method of 
Preparing Soil Samples (A.S.T.M. Des- 
ignation: D 421) of the American Soci- 
ety for Testing Materials,* and the soil 
or aggregate shall be thoroughly mixed. 


‘1939 Book of A.S.T.M. Standards, Part II, p. 451. 
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Capillary Water Absorption Cabinet. 


It shall then be screened through the 
1-in. screen, or the No. 4 sieve, and the 
percentage passing the sieve shall be 
noted. Only the material passing the 
;-in. screen shall be used in the test, 
and there shall be at least 500 g. of this 
material available for each 2 by 4-in. 
cylinder to be made and tested. 

(b) Mixing.—(1) A 500-g. sample of 
the soil, or aggregate, passing the }-in. 
screen or No. 4 sieve, for each unstabil- 
ized specimen to be made, shall then be 

thoroughly mixed with sufficient water 


~ HEAVY COTTON 
FLANNEL CLOTH 


OTTAWA SAND 


to produce a consistency approximately 
equal to the consistency represented by 
the liquid limit of the material being 
tested. 

(2) A 500-g. sample of the soil, or 
aggregate, passing the }-in. screen shall 
be weighed out for each stabilized speci- 
men to be made and tested: Emulsified 
asphalt diluted with two parts of dis- 
tilled water shall then be added to soil 
or aggregate. The quantity of emulsi- 
fied asphalt to be used in the test shall 
be determined by the following formula: 
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where: 
Q = weight in grams of undiluted 
emulsified asphalt to be used, 
W = weight in grams of the screened 
material to be mixed, 
5 = specified percentage of undiluted 


emulsified asphalt “based on 
soil or aggregate before 
screening), and 
a = percentage of soil or aggregate 
passing the }-in. screen or 
No. 4 sieve. 


Nore.—It will be noted that the quantity of 
emulsified asphalt used is the same as if the 
material retained on the }-in. screen or No. 4 
sieve had been restored in proper proportion 
to the screened sample. 


Thorough mixing shall be done imme- 
diately after the diluted emulsified as- 
phalt has been added to the screened 
material. Additional water if neces- 
sary, Shall be added during mixing to 
insure a uniform distribution of the 
emulsified asphalt throughout the mix- 
ture. (This condition will usually be 
reached when the consistency of the 
ix is about that of a soil when wetted 
to its liquid limit.) The prepared mix- 
tures shall be placed in the shallow pans 
and allowed to air-dry at room tempera- 
ture until they shall have reached a 
onsistency approximately equivalent 
to that obtained in the plastic limit test® 

n the soil or aggregate used. 

¢) Molding and Drying Specimens.— 
the plastic mixture shall then be tamped 
into 2 by 5-in. cylindrical molds in three 
ipproximately equal layers until a total 
mpacted depth of 4 in. is obtained. 
Each layer shall be tamped with 25 
strokes of the 1-in. diameter tamping 
tod. The molded specimens shall then 
ve allowed to further air-dry until they 
can be compressed under a 3000-Ib. 


* Standard Method of Test for Plastic Limit and 
asticity Index of Soils (A.S.T.M. Designation: D 424), 
¢ 1939 Book of A.S.T.M. Standards, Part II, p. 471. 


j PRroposeD TEST FOR STABILIZATION OF SOILS 


509 


load without extruding around the com- 
pression plunger. A 3000-Ib. load shall 
then be applied and maintained for 1 
min. The specimens shall then be 
pressed from the mold with the plunger. 
The molded specimens shall be allowed 
to air-dry in the laboratory until they 
have reached a moisture content below 
which no further apparent shrinkage 
occurs. The specimens shall then be 
placed in the drying oven and dried 
at 140 F. (60 C.) until they reach con- 


stant weight. 


4. The dried soil specimens shall be 
removed from the drying oven and al- 
lowed to cool to room temperature. 
They shall then be wrapped on the sides 
and top with moisture-proof cellophane. 
This wrapping shall be placed so as not 
to restrict any possible swelling of the 
test specimens. The specimens shall 
be weighed to the nearest 0.1 g. and then 
placed in the capillary absorption cabi- 
net with their lower ends as molded 
resting on the wet surface of the flannel. 
The cabinet shall be maintained between 
65 and 90 F. (18 and 32 C.) during the 
test period. At the end of 168 hr. 
(7 days) the specimens shall be re- 
moved from the absorption cabinet and 
the increase in weight immediately 
determined. 


5. The percentage water absorption 
shall be calculated on the dry weight 
of the specimen from the following for- 


mula: 
x 100 


A = percentage of water absorbed 
during the test period, based 
on the dry weight of the 
specimen, 


Procedure 


We — 


where: 


the 
the 
be 
the 
test, 
this 
4-in. 
le of 
abil- 
n be 
vater 
| 
Calculation 
4 


W, = weight of the specimen in grams 
at the start of the test, 


We = weight of the specimen in 
grams at the completion of 
the test. 

Report 


6. The results of the test shall be re- 
ported as the average percentage water 
absorption obtained on the specimens in 
each set. Each set shall consist of not 
less than three specimens. 


STABILITY TEST 
Apparatus 


7. The apparatus (see Fig. 2) shall 
consist of the following: 


PLUNGER 
203" OA 
DIA 
3% OIA 
A 
\ ORIFICE WASHER 
PLUG 


# Fic. 2—Stability Testing Cylinder and Support. 


(a) Testing Cylinder.—A stability 
testing cylinder 2;'g in. in inside di- 
ameter, 5 in. in height, having a wall 
thickness of $ in., and made of tool steel. 
The cylinder shall be equipped with a 
removable case-hardened tool steel ori- 
fice plate at the bottom, the orifice hav- 
ing a circular opening exactly 1 sq. in. 
in area. The aperture shall be tapered 
outward so as to leave a cutting edge 
at the face toward the inside of the cylin- 
der. The orifice plate and the cylinder 
shall be held together by means of wing 
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nuts and screws on a collared base hay- 
ing an inside shoulder which serves as a 
seat for the orifice plate. A steel plug, 
tapered so as to entirely close the orifice, 
shall be provided. 

(b) Testing Cylinder Support.—a 
heavy supporting frame designed to sup- 
port the stability testing cylinder and to 
withstand the high pressures developed 
during testing. This frame shall be 
made by joining two 6-in. diameter 
circular steel plates, 1 in. in thickness, 
with three 6-in. lengths of 1-in. diameter 
steel rod with centers welded at equi- 
distant points along a 5-in. diameter 
circle. The top end of the frame shall 
have a series of concentric grooves de- 
signed to act as seats, first, for the base 
of the testing cylinder and second, for 
the stability testing cylinder. It shall 
also have a 2}-in. diameter circular hole 
drilled through the center of the plate 
to allow passage of the remainder of the 
specimen after the stability test is com- 
pleted. 

(c) Steel Plate.—A steel plate } in. in 
thickness and 6 in. in diameter to serve 
as an insert between the orifice plug and 
the top of the supporting stand. 

(d) Steel Plunger—A steel plunger 
having a diameter of 2.03 + 0.01 in. 

(e) Testing Machine.—A testing ma- 
chine as described in Section 2 (e). 


Test Specimen 


8. The test specimens shall consist 
of the soil or aggregate cylinders pre- 
pared and subjected to the absorption 
test, as described in Sections 3 and 4. 


Procedure 


9. The test specimens, immediately 
after they have been subjected to the 
seven-day absorption test as described 
in Section 4, shall be placed with the 
wet ends downward in the testing cylin- 
der. In the event the specimens have 
swelled to a diameter greater than that 
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of the testing cylinder, the walls of the 
specimen shall be carefully scraped until 
the specimen will snugly fit the testing 
cylinder. The plug shall then be placed 
in the orifice and the bottom of the 
sample pressed firmly into the mold 
until it shall be in contact with the 
plate and plug at the bottom. The 
cylinder shall then be assembled with 
support and the assembly placed in the 
compression testing machine. The 
cylindrical steel plunger shall be placed 
on the top of the specimen and a load of 
3000 Ib. shall be applied. The load 
shall then be immediately released, the 
supporting plate removed, and the plug 
left unsupported. The stability test 
apparatus shall be re-assembled, the 
cylinder assembly being replaced on the 
supporting base, with the orifice plate 


—— 


centered over the hole in the support- 
ing stand. Reference marks shall be 
made on the plunger at }-in. intervals, 
spaced from the top of the mold. The 
load shall then be applied on the plunger 
at a uniform rate sufficient to move the 
plunger 0.4 to 0.5 in. per min. As 
each mark on the descending plunger 
comes even with the top of the mold, 
the total indicated load shall be observed 
and recorded. 


S11 
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8. The stability values shall be re- 
ported as the total observed load in 
pounds at the end of the first 3-in. move- 
ment of the plunger. If required, the 
total load necessary to move the plunger 
at the end of each successive 3-in. move- 
ment may be reported. 
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ON 


WATER FOR INDUSTRIAL USES 


A meeting of Committee D-19 on 
Water for Industrial Uses and of each 
of its subcommittees was held on June 
27, 1938, in Atlantic City, N. J., during 
the annual meeting of the Society. 

The committee sponsored a session 
on water at the 1938 annual meeting at 
which the following papers! were pre- 
sented: 


“A Method for the Embrittlement Testing 
of Boiler Waters,” by F. G. Straub and T. A. 
Bradbury, 

“Removal of Dissolved Salts from Water 
by Exchange Filters,’ by P. G. Bird, and 

“The Estimation of Sodium in Water Sup- 
plies by an Indirect Method,” by J. B. Romer, 
W. W. Cerna, and H. F. Hannum. 


Effective July 1, 1939, H. C. Miller 
assumes the chairmanship of Subcom- 
mittee IV on Methods of Analysis, 
succeeding J. R. McDermet who has 
resigned. 

The Society has designated Max 
Hecht as its representative on the 
Subcommittee on Care of Steam Boilers 
in Service, functioning under the Boiler 
Code Committee of the American 
~ Society of Mechanical Engineers. 

Last year the committee submitted 
for publication as tentative seven 
methods covering the sampling and 
analysis of industrial waters (D 510 - 
38 T to D 516 — 38 T, inclusive). Com- 
ments and suggestions with respect to 
these methods are still being received 
by the committee; the methods will, 


siicnitiee Am. Soc. Testing Mats., 


Vol. 38, Part 
m, pp. 602 to 646, incl. (1938). 


therefore, be continued as tentative for 
the present. 


RESEARCH ACTIVITIES 


Silica in the Presence of Phosphate— 
The committee had been informed con- 
cerning research on this subject which 
was carried out for the Gulf State 
Utilities Co. Through the kindness of 
E. B. Powell, Consulting Engineer for 
Stone & Webster Engineering Corp.., the 
following statement by T. E. Crossan, 
Superintendent of the Gulf State Utili- 
ties Co., is reported: 

The latest report by the Gulf State Utilities 
Co. of research on the colorimetric method for 
the determination of silica has been issued in 
the form of a bulletin? by the Louisiana State 
University. The literature on this subject is 
thoroughly covered in the bulletin; starting 
from the first published paper, procedures for 
determining silica colorimetrically are described 
in considerable detail and include slight revi- 
sions over previously published material. The 
effect of phosphates and the use of permanent 
standards are also discussed. For details the 
original should be consulted. 


The activities of Subcommittee VIII 
on Standardization of Water Analysis 
Methods, of the Joint Research Com- 
mittee on Boiler Feedwater Studies, 
with respect to this subject will be 
furnished in the report of that committee 
which is to be presented at this annual 
meeting of the Society.’ 

Research on pH.—The Society’s Com- 
mittee E-9 on Research is still giving 


2M. C. Schwartz, “Silica in Water,” Bulletin, Loui- 
siana State University, October, 1938. 939, 

ees in ASTM BULLETIN, No. 99, August, ! 
p. 52. 
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consideration to the research program 
on the subject of pH proposed by the 
National Bureau of Standards. 


ACTIVITIES OF SUBCOMMITTEES - 


Subcommittee II, Editorial (E. P. 
Partridge, chairman) held one meeting 
during the year. No new material has 
been submitted during the past year for 
consideration as to editorial arrangement 
nor have any revisions been suggested 
with respect to the form of the methods 
of analysis of industrial waters that 
were accepted for publication as ten- 
tative last year. The activity of this 
subcommittee has been limited to con- 
ideration of the following papers,‘ 
submitted for presentation at the ses- 
son on water to be held at this annual 

eeting of the Society: 


The Calculation of Equilibria in Dilute 
ter Solutions,” by D. S. McKinney, 

“The Calculation of the Distribution of 
urbon Dioxide Between Water and Steam,” 
y A. M. Amorosi, and J. R. McDermet, and 
“Determination by the Evaporation Method 
{Small Amounts of Dissolved Solids in Water 

h as Condensed Steam from Boilers,’’ by 
R. C. Ulmer. 


Electrical Conductance Measurements of 
Water Extracts of Textiles,” by A. C. Walker. 
“The pH, Dissolved Iron Concentration, 
d Solid Product Resulting from the Reaction 
Between Iron and Pure Water at Room Tem- 
perature,” by Richard C. Corey and Thomas 
J. Finnegan. 


Subcommittee ITT on Methods of Sam- 
fling (M. A. Krimmell, chairman) 
discussed and somewhat reorganized its 
future work at the meeting held in 
June, 1938. The main and future ob- 
fective of this subcommittee is to de- 
lop methods of sampling water and 
team when removed from equipment 
ipe lines, etc., at atmospheric, super- 
tmospheric and subatmospheric pres- 
‘ures. At this same meeting a few 
minor changes were suggested with 
spect to the Tentative Methods of 
sampling Plant or Confined Waters 


ee pp. 1191, 1204, 1221, 1233, 1242. Oo 
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for Industrial Uses (D 510 — 38 T) which 
will receive further attention at the 
next meeting of the subcommittee in 
June, 1939. 

Subcommittee IV on Methods of Anal- 
ysis (J. R. McDermet, chairman) held 
one meeting during the year. The 
subcommittee has been receiving com- 
ments directed toward a revision of the 
methods of analysis of industrial waters 
(D 511-38T to D516-38T, inclu- 
sive) which were accepted for publica- 
tion as tentative last year. 

Work on dissolved oxygen is under 
way in a section of this subcommittee. 
Because of the requirements of industry 
for a satisfactory field method, attention 
is first being directed toward the 
preparation of such a method, a draft 
of which will be presented at the next 
meeting of the subcommittee. The 
section is accumulating the results of 
current experimentation on the determi- 
nation of dissolved oxygen looking 
toward the inclusion of this data in a 
tentative standard. 

Subcommittee V on Classification (R. 
C. Adams, Jr., chairman) held one 
meeting during the year. The first 
revision of a preliminary draft of speci- 
fications for reporting water analyses 
will be presented at the next meeting 
of the subcommittee. It is proposed to 
express the results of analyses in ionic 
form, in terms of parts per million by 
weight, and equivalents per million. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 57 members; 38 members 
returned their ballots, of whom 33 
have voted affirmatively and 0 nega- 
tively. 


Respectfully submitted on behalf of 
the committee, 
Max HEcut, 
Chairman. 
R. E. HALL, 
Secretary. 


a 
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Since the meeting in June, 1938, in 
Atlantic City, N. J., Committee D-20 
on Plastics and its subcommittees have 
held two meetings: one at the Hotel 
New Yorker in New York City on No- 
vember 16, 1938, and one at the Ward- 
man Park Hotel in Washington, D. C., 
on March 14 and 15, 1939. During the 
November meeting a joint meeting was 
held of the advisory committees of 
Committee D-9 on Electrical Insulating 
Materials and Committee D-20 for 
the purpose of discussing the work 
on plastics being carried on by the two 
committees, with an idea of avoiding 
duplication of effort, and on that basis 
to plan the work for the coming year. 
It was deemed advisable to hold such a 
meeting annually. 

H. M. Richardson has resigned as 
chairman of Subcommittee I on Strength 
Properties and M. H. Bigelow has been 
appointed in his place. 

Committee D-20 now has a member- 
ship of 56 voting members, representing 
an increase of 4 voting members within 
the year. 

The subcommittees of Committee 
D-20 are considering the following prop- 
erties of plastics and methods for meas- 
uring or testing: 


Subcommittee I on Strength Properties (M. 
H. Bigelow, chairman): compression, 
tension, and elongation. 

Subcommittee II on Hardness Properties 
(J. C. Pitzer, chairman): scratch or mar 

a resistance, abrasion resistance, and de- 
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formation or gradual distortion under 
load. It is expected that a proposed 
tentative method of test covering the 
latter will be available this year. 

Subcommittee III on Thermal Properties 
(L. M. Currie, chairman): flow under 
molding conditions, changes on heating, 
and flammability. It is expected that a 
proposed tentative method of test for 
flow under molding conditions and a test 
for measuring the ability of film to ex- 
tinguish itself will be completed this 
year. 

Subcommittee IV on Optical Properties 
(H. W. Paine, chairman): haze, surface 
brightness, reflection factor, surface ir- 
regularities, and polarization. 

Subcommittee V on Permanence Properties 
(G. M. Kline, chairman): resistance to 
light, heat, and moisture. ; 


NEw TENTATIVE STANDARDS © 


The committee recommends that the 
two methods of test! listed below be 
accepted for publication as tentative: 


Tentative Methods of Test for: 


Index of Refraction of Transparent Or- 
ganic Plastics, and 
Resistance of Plastics 

Reagents. 


to Chemical 


There has been an increasing use of 
transparent plastics in the optical field. 
It is desirable to use refractive index in 
analytical determinations with respect 
to plastics and the refractive index 1s 
also useful in determining their purity. 


“1 These methods were accepted as tentative 
Society and appear in the 1939 Book of A.S.T.M. 
ards, Part ITI. q 
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These factors have led to the develop- 
ment of the proposed Tentative Method 
of Text for Index of Refraction of Trans- 
parent Organic Plastics. 
Plastics have now found their way 
into all sorts of fields which bring them 


[ABLE 1.-ANALYSIS OF LETTER BALLOT VOTE. 


| 
| 
| 
2 ao 
Items | a> 
y TENTATIVE STANDARDS | 
Test for Index of Refraction of Trans-| | 
parent Organic Plastics ? 
Test for Resistance of Plastics to | 
Chemical Reagents................ | 0 1 


into physical contact with various sub- 
stances, such as water, cosmetics and 
various liquids, which are likely to at- 
tack them chemically and change their 
various physical characteristics and ap- 
pearance. The increasing demand for 
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greater resistance to these elements led 
to the development of the proposed 
Tentative Method of Test for Resistance 
of Plastics to Chemical Reagents. 


These tentative methods have been 
submitted to letter ballot of the com- 
mittee which consists of 56 voting mem- 
bers; 16 members returned their ballots, 
with the results shown in Table I. 


This report has been submitted to 
letter ballot of the committee which con-. 
sists of 56 voting members; 29 members 
returned their ballots, of whom 27 
have voted affirmatively and 0 nega- 
tively. 


Respectfully submitted on behalf of 
the committee, 


Chairman. 


W. E. EMLey, 


W. A. Evans, 
Secretary. 
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Committee E-1 on Methods of Testing 
held a meeting in Atlantic City, N. J., 
on June 30, 1938. A meeting of the 
Advisory Committee was held in Phila- 
delphia, Pa., on June 1, 1939, 

The Executive Committee of the 
at-large to serve on the 
Committee, namely, W. H. Fulweiler, 
Consulting Chemist, P. G. McVetty, 
Westinghouse Electric and Manufactur- 
ing Co., and H. F. Moore, University of 
Illinois, each for a three-year term, ex- 
piring in 1941, 

_ Subsequent to the 1938 annual meet- 
ing, Committee E-1 presented to the 

Society through Committee E-10 on 


Advisory 


E appointed three representatives- 


Standards the following recommenda- 
tions: 


Tentative Specifications for Sieves for Testing 
Purposes (Wire Cloth Sieves, Round-Hole 
and Square-Hole Screens or  Sieves) 
(E 11-38 T), to replace immediately the 
Standard Specifications for Sieves for Testing 
Purposes (I 11-26), and for Round-Hole 

_ Screens for Testing Purposes (E 17 — 36), 
and 

Revision of Tentative Method of Bend Testing 
for Ductility of Metals (E 16-31 T). 


These recommendations were ac- 
cepted! by Committee E-10 on August 
25, 1938, and appear in the 1938 Pro- 
ceedings.” 


! In submitting these recommendations to Committee 
_E-10 on Standards, Committee E-1 reported the following 
results of the letter ballot vote of a total of 41 ballots 
returned from a committee membership of 45: E 11 — 38 T, 
affirmative 34, negative 0, ballots marked “‘not voting’’ 
7; E 16 - 38 rT. affirmative 27, negative 0, ballots marked 

‘not voting’’ 14. 

2 Proceedings, Am. Soc. Testing Mats., Vol. 38, Part I, 
pp. 1289, 1298 (1938); also 1938 Book of A.S.T.M. Tentative 
Standards, pp. 1607, 1630. 


TESTING 

During the year the Advisory Com- 
mittee considered requests from 
Technical Committee XII on Labora- 
tory Glassware for an extension of its 
scope to include chemical porcelain used 
in laboratory apparatus, and to under- 
take work on metalware apparatus. It 
was believed that study by the technical 
committee of requirements for ceramic 
laboratory apparatus prescribed in 
A.S.T.M. standards would serve to 
bring about greater uniformity in the 
parts specified and accordingly this 
request was approved. A special com- 
mittee under the chairmanship of H. M. 
Hancock, after reviewing the require- 
ments for metalware apparatus appear- 
ing in Society standards, reported that 
the standardization of such apparatus as 
specified in A.S.T.M. standards should 
be a constituted function of the Society. 
The special committee pointed out that 
while “laboratory metalware apparatus” 
was rather difficult to define accurately 
it appeared desirable to limit considera- 
tion to portable or mobile appara- 
tus which is normally catalogued and 
stocked by laboratory supply houses. 
It was further suggested that the pro- 
gram at first should be limited to 
receiving, considering, and approving 
newly proposed metalware apparatus oF 
the revision of metalware apparatus at 
present specified in A.S.T.M. standards. 
This request was also approved and the 
title of Technical Committee XI was 
changed to “Laboratory Apparatus 
in order to cover the enlarged scope. 
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Accelerated Weathering Tests.—There 
has come to the attention of Committee 
E-l the interest of Society committees 
in accelerated weathering tests, having 
inmind specifically the use of apparatus 
employing ultra-violet light and mois- 
wre. This type of test has been applied 
0 roofing asphalts, paints, rubber, 
textile materials, and more recently to 
ylastics, so that several of the standing 
wmmittees of the Society would be con- 
emed. A conference on this subject 
sto be held during this annual meeting, 
iowhich representatives of the interested 
standing committees are invited, in 
wder to provide an opportunity for an 
achange of views and for a general dis- 
ussion of the problems involved, with 
the thought that Committee E-1 may 
veof assistance in correlating the present 
wnsiderations and in furthering future 
vork on this subject. 

Bearing Tests of Pipe.—A special com- 
nittee, composed of the following repre- 
ntatives of the standing committees 
terested in bearing tests of pipe, has 
reviewed this subject, looking toward 
the preparation of a single standard 

wering bearing tests for the several 
ypes of pipe covered by A.S.T.M. 
pecifications: 

J. T. MacKenzie, 

A-3 on Cast Iron, 

W. J. Schlick, representing Committee A-3, 

and Committee C-6 on Drain Tile, 

RK. G. Scott, representing Committee C-4 on 

Clay Pipe, 

E. F. Kelley, representing Committee C-13 

on Concrete Pipe, and 

H. F. Clemmer, representing Section on 

Flexure Testing, Committee E-1. 

A draft of proposed Methods of Test 

' Crushing Strength of Pipe (Two- 

Three-Edge, and Sand- -Bearing 

Methods) has been prepared and is now 

iecelving consideration in the special 

mmittee. 


representing Committee 


these specifications were accepted by the Society and 
‘e ae 1939 Book of A.S.T.M. Standards, Parts II 
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I. REVISION OF TENTATIVE STANDARD © 


The committee recommends that the 
Tentative Method of Test for Softening 
Point by Tapered Ring Apparatus 
(E 28 - 36 T) be revised and continued © 
as tentative, as proposed by Technical 
Committee II (E. C. Bingham, chair- — 
man). 


II. OF TENTATIVE STANDARDS 
AS STANDARD 


The committee recommends that the 
following tentative standards be ap- 
proved for reference to letter ballot of — 
the Society for adoption as standard: 


Tentative Specifications for Sieves for Testing 
Purposes (Wire Cloth Sieves, Round-Hole 
and Square-Hole Screens or  Sieves) 
(E 11—38T),* revised as proposed by 
Technical Committee III (L. Work, © 
chairman), and 

Tentative Method of Bend Testing for Ductility — 
of Metals (EF 16 — 38 T),‘ revised as proposed | 
by Technical Committee I (H. F. Moore, 


chairman). 


The committee recommends that the 
thermometer requirements appearing at 
present in the Society’s tentative and 
standard methods of test be consolidated 
into two general specifications entitled 
“Standard Specifications for A.S.T.M. 
Thermometers (E 1 ~ 39)’ and “Tenta- 
tive Specifications for A.S.T.M. Ther- 
mometers (E 1~ 39 T),’* as proposed 
by Technical Committee XII (W. 
Fulweiler, chairman). The tentative 
specifications cover those thermometers 
formerly appearing in A.S.T.M. tenta- 
tive methods. It is intended that the 
tentative specifications, when formally 
adopted, will be incorporated in the 
standard. 


III. SPECIFICATIONS FOR 
THERMOMETERS 


4 This revised method was adopted as standard by the 
Society mg —— in the 1939 Book of A.S.T.M. Stand- 
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In order to determine whether they 


are in accord with current practice, the 


following specifications have been re- 
viewed and have been found to be satis- 
factory in their present form: 


Standard Specifications for: 


A.S.T.M. Partial-Immersion Thermometer 
for General Use, —20 to +150 C., Oto 
+300 F. (D 182 — 25), 

A.S.T.M. Partial-Immersion Thermometer 
for General Use, —5 to +300C., +20 to 


+580 F. (D 183-25), and 
TABLE I.—ANALYSIS OF LETTER BALLOT VOTE. 
“3 
2 3° 
Items 5 
| < 
I. Revision oF TENTATIVE | 
STANDARD | 
‘Test for Softening Point by Tapered 
Ring Apparatus (E 28-36T)...... | 14/1] 0 | 12 
Il. Apoption or TENTATIVE | 
STANDARDS AS STANDARD | 
Spec. for Sieves for Testing Purposes. 
(Wire Cloth Sieves, Round-Hole 
and Square-Hole Screens or Sieves) } 
(E 11 — 38 T), as revised | | 0 7 
Bend Testing for Ductility of Metals 
(E 16 - 38 T), as revised.......... | 19 0 7 
III. SPECIFICATIONS FOR 
THERMOMETERS | 
Std. Spec. for A.S.T.M. Thermom- 
eters 17 0 9 
Tent. Spec. for A.S.T.M. Thermom- 
17 0 9 


A.S.T.M. Partial-Immersion Thermometer 
for General Use, —5 to +400 C., +20 to 
+760 F. (D 184 - 25). 


The recommendations appearing in 
this report have been submitted to letter 
ballot of the committee which consists 
of 53 members; 26 members returned 
their ballots, with the results shown in 
Table I. 


ACTIVITIES OF TECHNICAL COMMITTEES 


Technical Committee I on Mechanical 
Testing (H. F. Moore, chairman): 

Brief summaries of the work of the 
various sections of this technical com- 
mittee are presented below. — 
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Section on Tension Testing (R. lL, 
Templin, chairman).—This section held 
a meeting in Columbus, Ohio, on March 
8, 1939, at which a number of matters 
were discussed. 

The representative on the section of 
Committee A-1 on Steel submitted 4 
draft of proposed methods for tension 
tests of tubular products involving a 
modification of the Standard Methods 
of Tension Testing of Metallic Materials 
(E 8-36). This is to be considered 
carefully by the section during the 
coming year. 

The Proposed Recommended Prac- 
tices for Designation of Numerical Re- 
quirements in Standards were discussed, 
and it was the general opinion that the 
proposed methods are too complicated 
for use in connection with ordinary 
tension test data. 

After considerable discussion of sub- 
size tension specimens, with especial 
attention to subsize specimens mentioned 
in the Federal specifications, it was de- 
cided that the present provisions in 
Methods E8 for subsize specimens 
geometrically similar to the standard 
5-in. specimen were adequate. It was, 
however, voted that the section recom- 
mend that illustrations of subsize speci- 
mens included in the Federal specifica- 
tions be added to Methods E 8. _In this 
connection, British and German stand- 
ard test specimens were discussed, and 
certain modifications recommended by 
vote of the section in the dimensions of 
the standard }-in. tension test specimen. 

Proposed methods of gripping wire 
specimens were also discussed. Con- 
flicting reports of the effectiveness o! 
the methods will make further study 
necessary. The progress of the invest! 
gation under way by the Section o 
Effect of Speed of Testing was discussed. 
After hearing reports from Watertown 
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Arsenal on various tests on small speci- 
mens, it was the opinion of the section 
that this material was quite suitable for 
publication by the Society. 

Section on Compression Testing (M. F, 
Sayre, chairman).—This year the section 
has been giving attention to a revision 
of the Tentative Methods of Compres- 
sion Testing of Metallic Materials 
(E9-33 T) and to the preparation of 
methods of compression testing of non- 
metallic materials. There has just come 
to its attention a report on the pack 
method of compression testing of thin 
specimens, which is to be considered for 
inclusion in Methods E 9. 

Section on Bend Tests for Ductility 
A. B. Kinzel, chairman).—Subsequent 
to the last annual meeting a revision of 
the Tentative Method of Bend Testing 
for Ductility of Metals (E 16-31 T) 
was accepted by the Society through 
Committee E-10 on Standards, as men- 
tioned earlier in this report. 

During the year, at the request of 
Subcommittee XIII on Methods of 
Physical Tests of Committee A-1 on 
Steel, the committee has given con- 
sideration to a modification of the section 
on scope of the revised Method 
E16-38T.2 The proposed revision, 
which is indicated below, is acceptable 
to Subcommittee XIII and has received 
approval by letter ballot of this section 

as well as of Technical Committee I. 
In view of the length of time that 
Method E16 has had a tentative 
status, it is recommended that it be 
approved for reference to letter ballot 
of the Society for adoption as standard, 
with the following revision: 

Section 1.—Change to read as follows 
by the addition of the italicized words: 


1. This method of bend testing consists es- 
‘entially of bending the specimen by means of 
forces at the ends and without introducing 

ditional forces at the point of maximum 

ending. This is followed by measurements 


of the elongation of the outside fibers at the 
point of maximum bending. This is known as 
free bending with measurement of the fiber 
elongation. The method was developed primarily 
for the testing of welds. It is not intended to be 
substituted for the more simple and wholly ade- 
quate bend test requirements now commonly 
specified in the Society specifications for various 
wrought steel products. 


Note.—Change the first sentence of the 
Note following Section 1 from its present 
form: namely, 


Although most of the work with this test has 
been carried out on rolled iron and steel, suffi- 
cient work has been done with other forms of 
ferrous material, as well as with hardened copper 
alloys and other non-ferrous metals, to show that 
the principles involved are applicable, although 
it will be necessary to work out the details in 


Although rolled steel plate was used to study 
the various factors involved, sufficient work 
has been done with welds, hardened copper 
alloys and other non-ferrous metals to show 
that the principles are applicable, although it 
will be necessary to work out the details in each 
case. 


to read as follows: 


Section on Indentation Hardness (J. R. 
Townsend, chairman).—This section 
held a meeting in Atlantic City, N. J., 
on July 1, 1938. Plans for revising the 
Standard Methods of Rockwell Hard- 
ness Testing (E 18 — 36) were discussed, 
including changes in dimensions of 
penetrators and a study of methods of 
testing using the superficial hardness 
scales. Plans were also discussed for 
the preparation of conversion tables 
between Brinell, Rockwell, Vickers, and 
other hardness scales. Progress was 
reported in the preparation of permanent 
(non-aging) standard blocks for B 40 
Rockwell scale. 

Two papers on the subject of hardness 
to be presented at this annual meeting 
of the Society have been sponsored by 


5 See Editorial Note, p. 526. 


ats 
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this section: one by R. L. Peek, Jr., 
and W. E. Ingerson on “Analysis of 
Rockwell Hardness Data,” and the other 
by W. E. Ingerson on “Rockwell Hard- 
ness of Cylindrical Specimens.’” 

Section on Testing Thin Sheet Metals 
(C. H. Marshall, chairman).—This sec- 
tion held a meeting in Atlantic City, 
N. J., on June 30, 1938. At this meeting 
the genera] plans of the section for future 
work were considered, and the discussion 
indicated that problems of thin sheet 
metal testing were being met in the work 
of many of the other sections. It was 
decided to approach the Section on 
Flexure Testing concerning the flexure 
testing of thin sheet metals. In view 
of studies reported by the Section on 
Bend Tests for Ductility, it was de- 
cided to be inexpedient for the Thin 
Metals Section to study this test further 
at this time. The cupping test does not 
seem to have been developed to the 
point where a serviceable standard can 
be written. 

Section on Impact Testing (W. W. 
Werring, chairman).—A meeting of this 
section was held on June 29, 1938, in 
Atlantic City, N. J. This meeting 
followed the Symposium on Impact 
Testing,’ sponsored by this section at the 
last annual meeting, and it was the 
opinion of the section that the discussion 
elicited by the symposium justified the 
previous decision of the committee to 
rewrite the Tentative Methods of Im- 
pact Testing of Metallic Materials 
(E 23 —- 34 T) so that they will be more 
informative and less rigid in detail. 
An outline of the proposed study includes 
(1) the expansion of the section on 
scope to include an outline of the effect 
of velocity, temperature, and shape and 
size of notch; (2) a general description 
of the apparatus used so as to cover 


‘See pp. 1270 and 1281. 
7 Proceedings, Am. Soc. Testing Mats., Vol. 38, Part II, 
pp. 21 to 156 (1938). 


types other than the pendulum type 
machine; (3) the inclusion in the 
methods of the key-hole notch specimen 
which is preferred for some metals; and 
(4) an amplification of the appendix to 
include an explanation of impact-tension 
tests. This program is now under way 
and will be given further consideration 
at a meeting of the section to be held 
during this annual meeting. 

Section on Effect of Speed of Testing 
(P. G. McVetty, chairman).—This sec- 
tion held a meeting on March 7, 1939, 
in Columbus, Ohio, with a large at- 
tendance. During the year there has 
been prepared by F. G. Tatnall an ex- 
tensive Bibliography on the Effect of 
Speed of Testing. Arrangements have 
been made to keep this bibliography up 
to date for the files of the committee. 

At the March meeting there was dis- 
cussed the investigation now under way 
on the effect of speed of testing on the 
properties of metals. This investigation 
is being conducted at the University of 
Illinois under the immediate charge of 
P. G. Jones and under the direct observa- 
tion of H. F. Moore. The apparatus 
used is a modification of the apparatus 
used by P. G. Jones and F. E. Richart 
in their study of the effect of speed of 
testing on concrete.* This apparatus is 
designed to avoid speed effects so far as 
possible in the apparatus itself. In 
the current tests of metals, two methods 
of determining rate and magnitude of 
loading are used and apparently they 
check each other very well at various 
speeds of testing. Tests have been run 
on S.A.E. 1020 steel, S.A.E. 1050 steel, 
a low-alloy steel, brass, copper, and two 
aluminum alloys. In a general way the 
results indicate that, within the range 
of speeds of testing which can be used 
with ordinary testing machines, there !s 
a distinct effect of rate of strain upon 


8 Proceedings, Am. Soc. Testing Mats., Vol. 36, Part ul, 
p. 380 (1936). 
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On METHODS 


yield strength and tensile strength, and 
a somewhat slighter effect upon elonga- 
tion and reduction of area. However, 
these effects are not great, and rather 
wide tolerances of rate of strain or rate 
of loading’ could be permitted without 
introducing any serious error. 

In the discussion of the progress of this 
investigation, differences of opinion were 
developed as to the adequacy of “‘free- 
running” speed of head of testing ma- 
chine as a criterion for speed of testing. 
This speed of head seemed to be more 
suitable as a criterion of speed for testing 
f ductile materials beyond yield 
strength, including the determination 

{ tensile strength, elongation, and 
reduction of area than it was for deter- 
mination of yield strength. A request is 
being made of the A.S.T.M. Research 
Fund for a contribution of $300 in order 
to continue this work during the next 
year, when it is hoped to have completed 
arather large number of tests of metals. 
The object of this investigation is a 
research on the effect of rate of strain on 
the properties of materials, covering 
rates of strain which can be used in 
mdinary tension tests, and the methods 
sed in the present investigation are not 
proposed, nor are they suitable, for 
foutine testing. 

workable criteria and tolerances for rates — 

i testing of metals. In this investiga- 

tion contributions of material or money, 

t both have been received from the 


llowing : 


Dow Chemical Co., 

National Smelting Co., 

Aluminum Company of America, 
Baldwin-Southwark Corp., 
American Brass Co., 


Westinghouse Electric and Manufacturing 


Co., 
General Cable Corp., 
Bridgeport Brass Co., 
Chase Brass and Copper Co., 
International Nickel Co., 
Jones & Laughlin Steel Corp., and 
University of Illinois. of Illinois. 


It is hoped to establish | 


The possibility of investigating the 
effect of still higher rates of speed of 
testing than those covered by the present 
investigation was discussed, and con- 
sideration given to laboratories where 
such an investigation might be carried 
out. 

Section on Elastic Strength of Materials 
(F. B. Seely, chairman).—During the 
year, inquiries have been received con- 
cerning the correlation of total elonga- 
tion under load at yield strength and 
equivalent “offset” from the straight- 
line portion of the stress-strain diagram. 
The following relation has been calcu- 
lated and sent to all inquirers and to all 
members of the section. It is here 
presented as information: 


OF TESTING 521 


Y 
q = & — 100 


where: 

Y = specified yield strength, in 

pounds per square inch, 

€, = percentage elongation under load 

at yield strength, 

q = equivalent “offset” for deter- 
mining yield strength by the 
“offset” method, in per cent, 
and 
modulus of elasticity of the 
material, in pounds per square 
Inch, 

During the year this section has been 
observing with interest the growing use 
of “yield strength” as a criterion for 
practical elastic strength of materials. 
There has been a considerable amount of 
correspondence with laboratories and 
with other standing committees of the 
Society. 


The Sections on Flexure Testing and 
on Calibration of Testing Machines and 
Apparatus have no definite matters to 
report this year. Both sections have 
problems of standardization before them 
and hope to report more definite action 
during the year. 


2 
: 
| 
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— Committee II on Consistency, 


Plasticity, and Related Properties (FE. 

C. Bingham, chairman): 

Additional comments on the Tentative 
Definitions of Terms Relating to 
Rheological Properties of Matter 
(E 24 - 37 T) were received during the 
year from interested standing com- 
mittees of the Society. It is expected 
that further consideration will be given 
to the definitions in order to bring them 
in line with the definitions published by 
the Society of Rheology. 


On the recommendation of the special 
committee under the chairmanship of T. 
H. Rogers, revisions of the Tentative 
Method of Test for Softening Point by 
Tapered Ring Apparatus (E 28 — 36 T)® 
have been submitted to letter ballot of 
Technical Committee II which consists 
of 26 members; 23 members returned 
their ballots, of whom 16 have voted 
affirmatively, 0 negatively, and 7 mem- 
bers marked their ballots “not voting.” 
It is accordingly recommended that the 
tentative method be revised as indicated 
below and continued as tentative: 


Title-—Change to read as follows by 
the addition of the italicized words and 
the omission of the word in brackets: 


Tentative Method of Test for Softening 
Point [by] (Ball and Tapered Ring Apparatus). 


Section 3.—Change the second and 
third sentences to read as follows by the 
addition of the italicized words and the 
omission of the words and figures in 
brackets: 


A quantity at least twice that necessary to 
fill the desired number of rings and in no case 
less than 40 g. shall be melted immediately 
in a clean container, using an oven, hot plate, 
sand or oil bath to prevent local overheating. 
Care shall be taken to avoid incorporating 
air bubbles in the sample, [which should not 
be heated more than 30C. (54 F.) above its 


* Proceedings, Am. Soc. Testing Mats., Vol. 36, Part 
I, p. 1186 (1936); also 1938 Book of A.S.T.M. Tentative 
Standards, p. 1621. 
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softening point, in the case of materials having 
a softening point below 121 C. (250 F.), except 
rosin, or more than 50 C. (90 F.) for rosin and 
materials with softening points above 121(¢. 
(250 F.), for materials having a long softening 
range it may be necessary to increase this to 
85 C. (185 F.)] which shall not be heated above the 
temperature necessary to pour the material 
readily without inclusion of air bubbles. The 


time from the beginning of heating to the’ 


pouring of the sample shall not [to] exceed 15 
min. 


Fig. 2.—It is proposed to revise the 
design of the ball-centering guide to 
show the use of round openings in the 
side of the guide rather than square 
openings, in order to facilitate its manv- 
facture. 

Section 4 (a).—Change to read as fol- 
lows by the addition of the italicized 
words and the omission of those in 
brackets: 


4. (a) Assembling Apparatus.—The _ glass 
container shall be filled to a depth not less 
than 9 cm. (3.5 in.) with freshly boiled distilled 
water (or with glycerin for materials melting 
above 80C. (176 F.)) which has been cooled 
to not less than 45 C. (81 F.) below the antici- 
pated softening point but in no case lower than 
5 C. (41 F.) for materials melting below 80. 
(176 F.) and in no case lower than 35 C. (95F.) 
for materials melting above 80C. (176F). 
Provision shall be made for centering the ball 
on the upper surface of the sample, either by use 
of the ball guide or by making a slight indentation 
in the center of the sample. The latter may be 
done by pressing the ball or a rounded rod into 
the material at this point. In the case of hard 
materials the rod may be heated. ‘The ring con- 
taining the sample and ball guide, if used, shall 
be suspended in the water so that the lower 
surface of the filled ring is 2.5 cm. (1 in.) above 
the bottom of the glass container (Fig. 1) or 
2.5 cm. above the upper surface of the lower 
horizontal plate which is at least 1.3 cm. (} in.) 
above the bottom of the glass vessel (Fig. 3) 
and so that its upper surface is at least 5.1 cm. 
(2 in.) below the surface of the water. The 
ball shall be placed in the water but not on the 
specimen. The thermometer shall be sus 


pended so that the bottom of the bulb is level 


with the bottom of the ring and wits © 
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placed in the center of the upper surface of the 
material in the ring [using the ball guide to hold 
the ball in this position]. 


Committee D-4 on Road and Paving 
Materials, which is responsible for the 
Standard Method of Test for Softening 
Point of Bituminous Materials 
D 36 26), is undertaking, in its Sub- 
committee on Softening Point, a cooper- 
ative investigation of the use of an air 
bath instead of a liquid bath in the ring- 
ind-ball softening point test. Tech- 
nical Committee II has been invited to 
cooperate and several of its members 
have indicated their willingness to 
participate in this investigative study. 


Technical Committee III on Particle Size 
and Shape (L. T. Work, chairman): 
Technical Committee III reports on 

wo matters relating to standards, tech- 
nical papers for presentation at the 
anual meeting of the Society, and the 
problem of reorganization of the 
committee. 

Under the joint sponsorship of the 
National Bureau of Standards and the 
Society, Sectional Committee Z23, func- 
tioning under the procedure of the 
American Standards Association, has 
developed specifications for sieves for 
lesting purposes. In these specifications 
iave been combined the detailed require- 
ments for coarse and fine sieves, both 
“oven wire cloth and perforated plate. 
lhe specifications were submitted by 
Technical Committee III to the Society 
through Committee E-10 on Standards 
ubsequent to the last annual meeting, 

| the Specifications for Sieves for 
lesting Purposes (E 11— were 

cepted for publication as an A.S.T.M. 
ntative standard as mentioned earlier 

this report. During the past year a 
umber of minor points have been 
tought to the attention of the com- 


Proceedings, Am. Soc. Testing Mats., Vol. 38, Part I, 
49 (1938); also 1938 Book of A.S.T.M. Tentative 
itds, p. 1607. 


mittee and have been incorporated in a 
revision of the specifications which was 
submitted to letter ballot in the Sections 
on Fine Sieves and on Coarse Screens 
together with the recommendation that 
the specifications be adopted as standard. 
Out of a membership of 23, 19 ballots 
have been returned, all of which were 
affirmative. Technical Committee III 
accordingly recommends that Specifica- 
tions E11-38T, as revised, be ap- 
proved for reference to letter ballot of 
the Society for adoption as standard."! 

The Tentative Method of Analysis for 
the Particle Size Distribution of Sub- 
sieve Size Particulate Substances (E 20 — 
33 T) was subject to some consideration 
during the past year by the Section on 
Subsieve Sizes (D. L. Gamble, chair- 
man). The method is basically appli- 
cable in the pigment field and it is prob- 
able that this method will be revised 
specifically for that purpose. The meth- 
ods will, therefore, be continued as ten- 
tative for another year. 

Technical Committee III has served 
in an advisory capacity with respect to 
the presentation at the 1939 annual 
meeting of the Society of two papers on 
particle size measurement, in which rep- 
resentatives of manufacturers describe 
their equipment and its performance.” 

After a number of years of service 
D. L. Gamble, who has guided the work 
of the Subsieve Section, finds that it is 
impossible to continue in charge of that 
work. His very effective service is 
greatly appreciated and his loss is les- 
sened by the fact that he will remain as 
a special adviser member. 

The changing nature of the emphasis 
on particle size distribution has neces- 
sitated a reorganization of the sections 


'! The revised specifications were adopted as standard 
by the Society and appear in the 1939 Book of A.S.T.M. 
Standards, Parts II and III. 

12M. N. States, “Specific Surface and Particle Size 
Distribution of Finely Divided Materials,” see p. 795, 
and Pierce M. Travis, ‘‘Measurement of Average 
Particle Size by Sedimentation and Other Physical 
Means,” published in ASTM BuLtetin, No. 102, January, 
1940, p. 29. 
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of Technical Committee III. The work 
of the Sections on Fine Sieves and on 
Coarse Screens has been merged through 
the development of a single standard, 
and it is, therefore, planned to combine 
these two groups into one section. 

The diversity of problems in the sub- 
sieve range is so great as to warrant the 
formation of two sections, one on Ground 
Products and Soils, and one on Pig- 
ment Type Materials. C. E. Barnett 
of the Research Division of the New 
Jersey Zinc Co., has been appointed 
chairman of the Section on Pigment 
Type Materials, and the chairman of 
Technical Committee III will temp- 
orarily serve as chairman of the Sectfon 
on Ground Products and Soils. Re- 
organization plans will be perfected dur- 
ing the coming year. 


Technical Committee VII on Chemical 
Composition (G. E. F. Lundell, chair- 
man): 

At the request of Committee C-4 on 
Clay Pipe, a special group under Tech- 
nical Committee VII is giving considera- 
tion to the test for resistance to action 
of acids on clay pipe which is of interest 
in connection with the Standard Specifi- 
cations for Clay Sewer Pipe (C 13 — 35). 
A suggested revision of the test, com- 
prising a change in form rather than sub- 
stance, for the purpose of clarifying the 
description of the metliod and omitting 
misleading wording, is now being pre- 
pared for submission to the technical 
committee at its next meeting. 


Technical Committee IX on Interpretation 
and Presentation of Data (H. F.. Dodge, 
chairman): 

During the past year this technical 
committee has served in an advisory 
capacity on a number of problems relat- 
ing to the use of statistical methods in 
the analysis and presentation of data. 

It has cooperated closely with Com- 
mittee D-13 on Textile Materials in the 
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preparation of a proposed procedure for 
determining the number of tests that 
should be made on any quality charac. 
teristic in order to regulate to a desired 
degree the sampling errors of averages 
obtained from samples. Inquiries re. 
ceived during the year on several sub- 
jects suggest the advisability of prepar. 
ing a revision of the A.S.T.M. Manual 
on Presentation of Data. The commit- 
tee is considering the possibilities of 
undertaking such a revision in 1940 to 
cover control charts for the coefficient 
of variation, and to include a new supple- 
ment dealing with the relationship be- 
tween the number of tests and the 
sampling errors of averages. 


Technical Committee X on Conditioning 

(Robert Burns, chairman): 

This technical committee was or- 
ganized at a meeting held in Atiantic 
City, N. J., on June 30, 1938, with the 
following scope: 

Scope.—Promote standardization by 
couraging the adoption of existing methods of 
conditioning and by minimizing so far as possibl 
the number of required new methods; provide a 
clearing house of information obtained by stand 
ing committees, and furnish educational and 
advisory service to the Society. 

After a definition of conditioning has 
been decided upon the next specific 
effort will be to procure a review of the 
definitions included in the Standard 
Method of Determining Relative Humid- 
ity (D 337 — 34) with the idea of obtain- 
ing general acceptance of these defini- 
tions when considered by a_ broader 
range of interests than that of Commit- 
tee D-13 on Textile Materials, which 
committee is responsible for Method 
D 337. The technical committee wil 
also consider the definition of average 
room conditions officially adopted by 
Committee D-9 on Electrical Insulating 
Materials, namely, 40 per cent relative 
humidity at 25C. Data will be pre- 
sented giving the basis for this definition. 
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The technical committee gives advis- 
ory service to standing committees of 
the Society and keeps them acquainted 
with the related activities of other com- 


mittees. This has been instrumental in 
BSS bringing about more uniformity in the 
committees’ approach to conditioning 
d problems and has helped to minimize du- 
[plication of effort. Several new condi- 
rs tioning procedures now under active 


consideration by Committee D-9 and by 
Committee D-20 on Plastics are being 
prepared with the assistance of the 
members of this technical committee. 


Technical Committee XI on Designation 
and Interpretation of Numerical Re- 
quirements (J. A. Gann, chairman): 
Technical Committee XI held a meet- 

ing in Columbus, Ohio, on March 6, 

1939, and plans to hold a further meet- 

ing in Atlantic City, N. J., during this 

annual meeting. The technical com- 
mittee has considered during the year 
the suggestions received from A.S.T.M. 

_, § standing committees concerning the Pro- 

ible | posed Recommended Practices for Desig- 

idea Xation of Numerical Requirements in 
and Standards, published as information 

since 1936.5 The committee has also 
slicited comments from other interested 
groups, including a number of Govern- 
ment agencies. 

The replies and suggestions received 
have formed the basis of certain changes 
inthe recommended practices now under 
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efini- ff being given to the method of rounding 
ader of numbers that are exactly halfway be- 
tween two rounded off values. It is ex- 


shich 
thod 

will 
erage 
‘| by 
ating 
ative 

pre- 
ition. 


pected that decision on the desirable 
‘hanges will be reached at the June meet- 
ing of the technical committee so that 
action may be taken to submit the rec- 
mmended practices to the Society for 
publication as tentative. 


n (oantines, Am. Soc. Testing Mats., Vol. 36, Part I, 
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Technical Committee XII on Laboratory 
Apparatus (W. H. Fulweiler, chair- 
man): 

This technical committee held two 
meetings during the year: in Atlantic 
City, N. J., on June 30, 1938, and in 
Vineland, N. J., on May 18, 1939. As 
mentioned earlier in this report, at the 
request of the technical committee its 
scope has been extended to include 
metalware apparatus and ceramic lab- 
oratory apparatus. In view of this en- 
largement in scope, the title of the 
committee has been changed; suitable 
additions will be made to the person- 
nel of the committee, and new sec- 
tions on each of these subjects will be 
organized. 


The committee’s attention has been 
directed to the fact that the number of 
different kinds of centrifuge tubes in use 
is rapidly increasing; steps will accord- 
ingly be taken, in cooperation with Com- 
mittee D-2 on Petroleum Products and 
Lubricants, to discuss with other in- 
terested societies the desirability of ap- 
pointing a cooperative survey committee 
in an effort to standardize these tubes 
further and to minimize the number of 
types of tubes in use. 

At the request of Technical Committee 
XII the National Bureau of Standards 
has agreed to undertake, when ther- 
mometers are submitted to the Bureau 
to determine conformity or otherwise 
with A.S.T.M. standards, to issue a cer- 
tificate which will state whether or not 
the thermometer complies with the ap- 
plicable A.S.T.M. standard. 

Section A on Thermometers (R. M. 
Wilhelm, chairman).—At the request of 
Committee E-10 on Standards, consid- 
eration has been given to the manner in 
which the specifications for thermome- 
ters are now published in A.S.T.M. 
standards. At the present time the 
thermometer requirements, in general, 
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appear in each of the methods with 
which the thermometers are used, as a 
result of which there is considerable du- 
plication in the case of certain types of 
thermometers, especially those used for 
the distillation test. With the consent 
of the interested standing committees, 
consideration has been given during the 
year to publishing specifications for 
thermometers separately and including 
in the methods a reference to the par- 
ticular thermometer that is applicable. 
A special committee, under the chair- 
manship of Valentine Hiergesell, has 
prepared general specifications for 
A.S.T.M. thermometers, comprising a 
consolidation of the thermometer re- 
quirements appearing at present in 
A.S.T.M. standards, which are being pre- 
sented for publication this year as men- 
tioned earlier in this report. 

Section B on Hydrometers (J. P. Bader, 
chairman).—This section has prepared 
detailed specifications for hydrometers 
used in testing creosote oil for use in 
connection with the Standard Method 
of Test for Specific Gravity of Creosote 
(D 368 — 33). The section plans to con- 
sider detailed requirements for the hy- 
drometer used in the mechanical analy- 
sis of soils (A.S.T.M. Method D 422 
38 T). The paper on “Testing of 
Hydrometers” by E. N. Hurlburt which 
was contemplated for inclusion in this 
report will not be available until 1941. 

Section C on Volumetric Glassware (J. 
J. Moran, chairman).—-This section has 
reviewed and recommended improve- 


ments in requirements for calibrate 
glass apparatus appearing in several new 
and revised methods being presented to 
the Society this year for publication, 
The section has also reviewed the draft 
British Standard Specification for Ap- 
paratus for the Determination of Water 
by Distillation with an Immiscible 
Liquid, and comments have been for- 
warded to the British Standards Institu- 
tion. The apparatus specified in the 
British draft is in some respects superior 
to present A.S.T.M. designs and the sec- 
tion is considering a general specification 
for this type of apparatus for submission 
to Technical Committee XII. 

Section D on Laboratory Glassware (F. 
F. Shetterly, chairman).—This section 
has reviewed and proposed improve- 
ments in requirements for certain pieces 
of laboratory glassware appearing in sev- 
eral existing A.S.T.M. methods. ‘These 
recommendations have been presented 
for adoption to the standing committees 
responsible for the methods in question 


This report has been submitted to 
letter ballot of the committee which 
consists of 53 members; 26 members re- 
turned their ballots, all of whom have 
voted affirmatively. 


Respectfully submitted on behalf of 
the committee, 
W. H. FULWEILER, 


Chairman. 
we 


P. J. Smiru, 
Ex-officio Secretary. 


EDITORIAL NOTE 


Subsequent to the annual meeting Committee E-1 presented to the 
_ Society through Committee E-10 on Standards a proposed tentative revi- 
sion of the Standard Methods of Test for Rockwell Hardness of Metallic 


Materials (E 18 ~ 36). 


This tentative revision, in the form of a new Ten- 


tative Method of Test for Rockwell Superficial Hardness of Metallic Mate- 
rials (E 18 - 39 T), was accepted by Committee E-10 on October 23, 1939, 


and appears in the 1939 Book of A.S.T.M. Standards, Part I. 
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While during the past year most of 
the work of Committee E-2 on Spectro- 
graphic Analysis has been carried on by 
correspondence, meetings of the main 
committee and of Subcommittees I and 
[II were held during the spring meetings 
of A.S.T.M. Committees in Columbus, 
Ohio, on March 8, 1939, at Ohio State 
University. 

Ten new members were elected to 
the committee during the year and two 
members resigned, leaving a total mem- 
bership of 52. 

Committee E-2, as one phase of its 
activity, sponsored the publication of 
the “Index to the Literature on Spectro- 
chemical Analysis 1920 - 1937,” pre- 
pared by W. F. Meggers and B. F. 
Scribner. This bibliography was issued 
as a Separate publication by the Society 
in January, 1939, 

Subcommittee I on Apparatus and 
[quipment (W. R. Brode, chairman) 
held one meeting during the year, at the 
‘pring group meetings at which several 
types of spectrographs, including two 
commercial grating instruments, were 
exhibited. 

Subcommittee IT on Fundamental Meth- 
us and Technique (O. S. Duffendack, 
chairman) is sponsoring a Round-Table 
Discussion on Quantitative Spectrogra- 
phy to be held at this annual meeting of 
the Society. The discussion will consider 
the recognition of various fundamen- 
lal methods of excitation, photometry, 
and other phases of spectrochemical 
analysis with the purpose in view of 
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establishing master methods, both for 
qualitative and quantitative analysis. 

Subcommittee ITT on Quantitative Meth- 
ods and Applications (M. L. Fuller, 
chairman) has been especially active; it 
has organized the following six groups, 
each assigned to a class of materials for 
which there appears to be a demand for 
methods of spectrographic analysis: 

1. Copper, Nickel, and Their Alloys 
(C. H. Davis, chairman), 

2. Lead, Tin, Antimony, Bismuth, 
and Their Alloys (A. E. Ruehle, chair- 
man), 

3. Aluminum, Magnesium, and Their 
Alloys (H. V. Churchill, chairman), 

4. Zinc, Cadmium, and Their Alloys 
(M. L. Fuller, chairman), 

5. Ferrous Metals (W. R. Koch, 
chairman), and 

6. Non-Metals (in course of organiza- 
tion). 

Subcommittee III has considered sev- 
eral proposed changes in the Tentative 
Methods for the Analysis of Pig Lead 
(E Zinc (EF 26-35 T), and 
Zinc Alloy Die Castings (E 27 - 37 T). 
It has decided not to recommend any 
modifications in the methods until the 
suggestions have been more widely circu- 
lated among the members of Committee 
E-2 and others who may be interested. 

The work of Subcommittee IIT has led 
to a recommendation to the main com- 
mittee, that the usefulness and avail- 
ability of methods of analysis for specific 
materials will best be promoted by the 
establishment and publication of master 
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methods. Such master methods would 
include procedures for the use of internal 
standards, comparison standards, self- 
electrodes, and supporting electrodes. 
Committee E-2 has ratified this recom- 
mendation and assigned the project to 
Subcommittee IT. 

Subcommittee IV on Accessory Uses of 
the Spectrograph (C. C. Nitchie, chair- 
man) has as yet done little along these 
lines, principally because of a lack of de- 
mand from other committees of the So- 
ciety. It is expected that from their 
activities needs may arise which can be 
satisfied by some application of the spec- 
trograph. 

Subcommittee V on Standards and Pure 
Materials (T. A. Wright, chairman) 


™ 


keeps in touch with new developments 
in its field and serves as a very useful 
clearing house for information as to 
sources and availability of standards and 
pure metals. Many requests for in- 
formation were handled during the year. 


This report has been submitted to 
letter ballot of the committee which con- 
sists of 52 members; 38 members re- 
turned their ballots, all of whom have 
voted affirmatively. 


Respectfully submitted on behalf of 
the committee, 
H. V. CHuRCHILL, 
Chairman. 
B. F. SCRIBNER, 
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Committee E-3 on Chemical Analysis 
of Metals held one meeting during the 
year: on June 29, 1938, in Atlantic City, 
N. J., during the annual meeting of the 
Society. The committee plans to hold 
a further meeting during this annual 
meeting. 

During the year Committee E-3 pre- 
sented to the Society through Committee 
E-10 on Standards revisions of the 
Tentative Methods of Chemical Analysis 
of Ferro-Alloys (A 104 — 36 T), and Sam- 
pling Ferro-Alloys (A 103-36T). The 
revision of Tentative Methods A 104 
(redesignated E 31 — 38 T) was accepted 
by Committee E-10 on August 25, 1938, 
and the revision of Tentative Methods 
A103 (redesignated E 32~-39T) was 
accepted' on March 4, 1939. The re- 
vised methods appear in Supplements 
to A.S.T.M. Methods of Chemical 
Analysis of Metals, issued as separate 
reprints. 

The committee is at present working 
on revisions of the following tentative 
methods: 


Tentative Methods of: 


impling Molybdenum Salts and Compounds 
for Metallurgical Use (A 156 - 34 T), 
hemical Analysis of Pig Lead (B 35 — 36 T), 
hemical Analysis of Aluminum and Light 
Aluminum Alloys (B 40 — 36 T), 


‘In submitting these recommendations to Committee 
‘-l00n Standards, Committee E-3 reported results of the 
etter ballot vote as follows: E 31 — 38 T, of a total mem- 
bership of 59, 52 members returned their ballots, of whom 
$l voted affirmatively, 0 negatively, and 11 members 
marked their ballots ‘not voting”; E 32 - 39 T, of a total 

embership of 57, 43 members returned their ballots, of 
*hom 36 voted affirmatively, 0 negatively, and 7 members 
marked their ballots “‘not voting.” 


CHEMICAL ANALYSIS OF METALS 


Chemical Analysis of Slab Zinc (Spelter 
B 36-36 T), and 

Chemical Analysis of Metallic Materials for 
Electrical Heating (B 71-34 T). 


The various divisions of the committee 
have been active during the year. Divi- 
sion A on Ferrous Metals (G. E. F. 
Lundell, chairman) is working on meth- 
ods for the determination of aluminum, 
columbium, lead, and selenium in steels. 
A new subcommittee under the chair- 
manship of T. R. Cunningham has 
started work on a revision of Tentative 
Methods B 71-34 T. Arba Thomas 
was elected chairman of the division for 
the ensuing term of two years. 

Division B on Non-Ferrous Metals 
(R. P. Nevers, chairman) is continuing 
work on the revision of the methods for 
copper-base alloys, pig lead, aluminum, 
and spelter. 

Division C on Sampling (T. A. Wright, 
chairman), through its various subcom- 
mittees, is engaged in the preparation 
of methods for the sampling of various 
metals and alloys. 

Division D on General Analytical 
Methods (B. L. Clarke, chairman) has 
cooperated with Division B on methods 
for the analysis of copper-base alloys 
and slab zinc and is reviewing available 
methods for the analysis of commercial 
tin. 


ADOPTION OF TENTATIVE STANDARD AS 
STANDARD 


The committee recommends that the 
Tentative Methods of Chemical Analysis 
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of Steel, Cast Iron, Open-Hearth Iron, 
and Wrought Iron (E 30-36 be 
approved for reference to letter ballot of 
the Society for adoption as standard.* 
This recommendation has been referred 
to letter ballot of the committee which 
consists of 56 members; 47 members re- 
turned their ballots, of whom 39 have 
voted affirmatively, 0 negatively, and 


2 A S.T.M. Methods of Chemical Analysis of Metals, 
p. 1 (1936). 

3 These methods were adopted as standard by the 
Society and appear in the A.S.T.M. Methods of Chemical 
Analysis of Metals, p. 1 (1939). 


Report OF COMMITTEE E-3 


8 members marked their ballots “ 
voting.” 


This report has been submitted 
letter ballot of the committee which 
consists of 56 members; 48 member 
returned their ballots, of whom 46 hay 
voted affirmatively and 0 negatively. 


Respectfully submitted on behalf of 
the committee, 
G. E. F. LUNDELL, 
Chairman, 
H. A. Bricut, 
Secretary. 
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Committee E-4 on Metallography has 
- held two meetings during the year: one 
man. 


in Atlantic City, N. J., on June 28, 1938, 
during the annual meeting of the So- 
ciety, and the other on March 8, 1939, 
at Columbus, Ohio, during the spring 
committee meetings. 

Committee E-4 reports a net gain 
during the year of two members, mak- 
ing a total committee membership of 52. 

Subsequent to the last annual meet- 
ing, the committee presented to the 
Society, through Committee E-10 on 
Standards, a new Tentative Grain Size 
Chart for Classification of Steels (E 19 
-38T) which is intended to replace, 
when adopted, the present Standard E 
19- 33. This recommendation was ac- 
cepted' by Committee E-10 on August 
25, 1938, and appears in the 1938 Pro- 
ceedings.” 

New TENTATIVE STANDARD 

The committee recommends that new 
Tentative Method of Preparation of 
Metallographic Specimens (E 3 - 39 T)* 
beaccepted for publication as tentative to 
eplace immediately the present Stand- 

dE 3 - 36.4 

his recommendation has been sub- 

tted to letter ballot of the committee 

hich consists of 52 members; 32 mem- 


| submitting this new tentative standard to Com- 
E-10 on Standards, Committee E-4 reported results 
ne letter ballot vote as follows: Of a total membership 
28 members returned their ballots, of whom 27 voted 
fmatively, 0 negatively, and 1 member marked his bal- 
ot voting.’’ 
Proceedings, Am. Soc. Testing Mats., Vol. 38, Part I, 
1296 (1938); also 1938 Book of A.S.T.M. Tentative 
indards, p. 1628. 
, This method was accepted as tentative by the Society 
. * appears in the 1939 Book of A.S.T.M. Standards, 


‘1936 Book of A.S.T.M. Standards, Part I, p. 773. 
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bers returned their ballots, of whom 30 
have voted affirmatively, 0 negatively, 
and 2 members “‘not voting.” 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I on Selection and Prep- 
aration of Samples (E. H. Dix, Jr., 
chairman) has been concerned prin- 
cipally with the revision of the Recom- 
mended Practice for Metallographic 
Testing of Ferrous and Non-Ferrous 
Metals (E 3-36). W. E. Harvey, a 
member of the subcommittee, acted as 
editor of the revision, and the assistance 
of experts familiar with the various 
metals was enlisted in the interest of 
securing most up-to-date information. 

Subcommittee IT on Nomenclature and 
Definitions (R. S. Williams, chairman) 
has reviewed the Standard Definitions 
of Terms Relating to Metallography 
(E 7 - 27) in order to ascertain whether 
they are in need of revision; the sub- 
committee recommends that no changes 
be made at this time. 

Subcommittee IV on Photography (L. 
V. Foster, chairman) has been work- 
ing on a revision of the Standard Rules 
Governing the Preparation of Micro- 
graphs of Metals and Alloys, Including 
Recommended Practice for Photography 
as Applied to Metallography (E 2 — 36) 
which will include an amplification of the 
technique of illumination as well as fur- 
ther information on filters, photographic 
plates, and paper. It is expected that 
this revision will be completed in time 
for presentation to the committee at the 
annual meeting.° 


§ See Editorial Note, p. 532. 
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R. P. Loveland, a member of this 
subcommittee, is in charge of the section 
on photomicrography of the 1939 Exhibit 
of Photography to be held during this 
annual meeting of the Society. In ad- 


paper on “Metallography in Color,” 


per Mr. Loveland has prepared a 


| 


to be presented at the annual meeting.° 

Subcommillee VI on X-ray Methods 
(W. L. Fink, chairman) is in the 
process of correlating data and initiat- 
ing work on the problems of the measure- 
ment of residual stresses, and the corre- 
lation between grain size established by 
X-ray diffraction and that determined 
microscopically. This work has as yet 
not progressed sufficiently to warrant a 
report as to its status. 

Subcommittee VII on Recommended 
Practice for Dilatometric Analysis (L. L. 
Wyman, chairman) now consists of 
four members. Questionnaires relating 
to dilatometric analysis are still being 
received and analyzed, with definite 
promise of several opportunities of es- 
tablishing recommended practices. 

In order to determine whether it is 
still in accord with present practice, this 
subcommittee has reviewed the Recom- 
mended Practice for Thermal Analysis 
of Steel (E 14-33) and recommends 
that it be continued in its present form. 

Subcommittee VIII on Grain Size 


6 This paper was presented at the annual meeting but 


_ js not yet available for publication. 


It is expected to be 


published at a later date. 


(M. A. Grossmann, chairman) pr. 
pared the Tentative Grain Size Char 
for Classification of Steels (E 19 — 387, 
which was accepted for publication ; 
tentative subsequent to the last ann 
meeting, as mentioned earlier in thi 
report. This tentative standard cover: 
the determination of austenitic graiy 
size in steel by a variety of methods cur. 
rently in use. At the same time, the 
Standard Chart (E 19 — 33) on the Me. 
Quaid-Ehn test is still in force. At the 
meeting of Committee E-4 held in 
Columbus, Ohio, on March 8, the rela- 
tionships between the tentative stan¢- 
ard and the standard were discussed and 
certain suggestions made to further 
reconcile these two charts with the vari- 
ous practices in the trade. Further 
discussions will be held with a view 
arriving eventually at a single standar 
which will embody the wishes of a 
concerned.° 


This report has been submitted 
letter ballot of the committee, whi 
consists of 52 members; 32 members r 
turned their ballots, all of whom have 
voted affirmatively. 


Respectively submitted on behalf 
the committee, 
L. L. Wyma, 
Chairman 
J. J. Bowman, 
Secretary. 


EDITORIAL NOTE 


Subsequent to the annual meeting Committee E-4 presented to the Society 
{ through Committee E-10 on Standards the following recommendations: 


New Tentative Standards: 


Methods of Preparation of Micrographs of Metals and Alloys, Including 

Recommended Practice for Photography as Applied to Metallography (E 2 - 
_39T), to replace immediately Standard Rules E 2 ~ 36, and 

Classification of Austenite Grain Size in Steels (E 19 - 39T), to replace im- 
mediately both the Standard and Tentative Grain Size Charts for Classifica- 
tion of Steels (E 19 - 33 and E 19 - 38 T). 

These recommendations were accepted by Committee E-10 on August 24, 
1939, and the new tentative standards appear in the 1939 Book of A.S.T.M. 
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Committee E-7 on Radiographic Test- 
ing reports as follows on the work of its 
everal subcommittees during thé past 
year: 

Subcommittee I on Radiography of Cast 
Meal (C. W. Briggs, chairman) has 
prepared proposed Tentative Methods of 
Radiographic Testing of Metal Castings 
which are intended to replace the present 
Standard Recommended Practice E 15 
since this is now obsolete. The new 
recommended practice, after approval by 
Committee E-7, will be presented to the 
Society during the summer through 
Committee E-10 on Standards for 
publication as tentative.! 

Subcommittee I is also giving consider- 


ation to the standards prepared by the 


(.§. Navy for radiographic inspection 
if steel castings for steam pressure 
vrvice. It is the intention of Com- 
mittee E-7 that, after approval by letter 
ullot vote of the committee, the pro- 
posed standards will be presented to the 
society for publication. 

Subcommittee IT on Technical Research 
H. E. Seemann, chairman) sponsored 

ir technical papers at this annual 
meeting, as follows: 

“Correlation of Some Mechanical 
lests of Aluminum Alloys with X-ray 
Tests,’ by Tom A. Triplett and W. 
Lavern Howland. 

“The Use of Radiography in the 
Development of Castings for Mass 


‘See Editorial Note, p. 534. 
ee p. 749. 
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Production,’”* by Don M. McCut- 

cheon. 

“Some Aspects of Radiographic 
Sensitivity in Testing with X-rays,’ 
by H. H. Lester. 

“Fine Focus Radiography—Gamma 
Rays,’® by Gilbert E. Doan and 
Milton B. Vordahl. 

Messrs. Triplett and Howland show 
results obtained with an X-ray tube 
whose projected focal area is only 0.1 
mm. in diameter. This is the finest 
focal spot that has been used for routine 
industrial radiography in this country. 
They have found interesting correlations 
between macrographic structure revealed 
in radiographic tests and tensile impact 
values. 

Mr. McCutcheon gives an excellent 
picture of the practical application of 
radiographic tests to the manufacture 
of cast crankshafts. 

The paper presented by Mr. Lester 
was based upon cooperative work in 
several industrial laboratories. The 
work was sponsored by and reported to 
the Joint A.P.I.-A.S.M.E. Radiographic 
Committee. This is an example of the 
coordination and cooperation that is a 
basic policy of Committee E-7. 

Messrs. Doan and Vordahl, using very 
small radium capsules, have shown that 
good definition may be obtained with 
the radium source as close as 3 in. to a 


Published in ASTM Buttetin, No. 103, March, 


1940. 

4 Published in ASTM BuLtetin, No. 100, October, 
1939, p. 33. 
& Published in ASTM Buttetin, No. 103, March, 1940. 
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3-in. plate. The significance of the 
results lies in the fact that they point 
the way to a practical method of testing 
welded pipe lines. 

Subcommittee III on Radiography of 
Welds and Weldments (H. H. Lester, 
chairman) reports considerable progress. 
Cooperative work done by members of 
the subcommittee is included in one of 
the technical papers mentioned above. 
Work is almost completed on a proposed 
penetrameter, including a_ functional 
definition of the instrument, and a sug- 
gested practice covering its use. This 
device has been adopted by the Joint 
A.P.1.-A.S.M.E. Radiographic Commit- 
tee. 

Subcommittee on Correlated Ab- 
stracts (W. P. Davey, chairman) has 
completed the laborious task of prepar- 
ing a correlated abstract of important 
papers in the radiographic field. Only 
the more important of the earlier papers, 
but all of the more recent ones, have been 
included. It is expected that this 
valuable work will be made available 
to those interested through publica- 
tion in the ASTM Buttetin.‘ 
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Subcommittee VI on Safety (E. W 
Page, chairman) sponsored a very im- 
portant paper entitled “Industrial X- 
ray Protection,” by Lauriston S. Taylor 
of the National Bureau of Standards, 
Mr. Taylor is the author of the Bureay 
of Standards’ Handbooks 20 and 23 on 
X-ray Protection and Gamma-ray Pro- 
tection, respectively, and is recognize: 

s a leading authority on this subject 
The present paper, written for the bene 
fit of industrial rather than medica 
radiography, has been prepared in re- 


sponse to a recognized need and is the 


most authoritative pronouncement or 


the subject at present available. It is 


expected that it will be published at ar 
early date in the ASTM But etin 


Respectfully submitted on behalf of 


the committee, 


EARNSHAW Cook, 
Secretary. 


H. H. Lester, 
Chairman. 


6 Published in ASTM BuLietin, No. 102, Januar 
1940, p. 26. 

7 Published in ASTM BuLietin, No. 99, Av 
1939, p. 23. 
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Subsequent to the annual meeting Committee E-7 on Radiographic Testing 
presented to the Society through Committee E-10 on Standards proposed 


Tentative Methods of Radiographic Testing of Metal Castings (E 15 


39 T) 


to replace immediately the Recommended Practice for Radiographic Testing 


of Metal Castings (E 15 - 29). 


This recommendation was accepted by 


Committee E-10 on August 24, 1939, and the new tentative methods appear 


in the 1939 Book of A.S.T.M. 
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yary, 


In the following there is presented a 
brief résumé of certain principal research 
activities during the past year which 
have engaged the attention of Commit- 
te E-9 on Research, with particular 
reference to new projects and coopera- 
tive research. A more comprehensive 
review of research activities throughout 
the Society will, as usual, appear in the 
October issue of the ASTM BULLETIN. 


Research Committee Activities: 


The Research Committee on Fatigue of 
Metals describes in its report' at this 
annual meeting of the Society the prog- 
ress that has been made in its investiga- 
tion of the effect of the type of testing 
machine on fatigue test results. Four 
diferent types of fatigue testing ma- 
chines are being used in testing speci- 
mens of heat-treated alloy steel and ‘‘as 
rolled” low-alloy steel. Six laboratories 
are cooperating. It is hoped that the 
ests will provide data that will answer 
the question: “Are the shape of the 
5-V diagram and the endurance limit 
obtained from a set of fatigue tests a 
measure of a property of the metal, or 
are they affected by the type of machine 
ued, and if so, how much?” Com- 
mittee E-9 has contributed $500 from 
he Society’s Research Fund in support 
i this project. 

The Joint Research Committee on Effect 
| Temperature on the Properties of Metals 
of the American Society of Mechanical 
Engineers and this Society is presenting 


ee p. 210. 
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a quite extensive report? at this meeting © 
of the Society in which the varied ac- 
tivities of the committee are included. 
Detailed reports are included covering © 
creep and torsion tests on carbon-molyb- 
denum steel at the University of Michi- 
gan, and on further work at the Univer- 
sity of Michigan on rupture tests with 
especial reference to effect of grain size. 
There is also included an attempted 
correlation of creep tests in tension, 
torsion, and internal pressures. The 
continuation of the work at Battelle 
Memorial Institute on the effect of. 
manufacturing variables on creep is_ 
expected to furnish new and confirming 
data in this important consideration. _ 
The Joint Committee during the year 
sponsored the publication by the two 
sponsor societies of a Compilation of 
Available High-Temperature Creep 
Characteristics of Metals and Alloys, a 
bound volume of 850 pages, giving in the 
form of charts, tables, and graphs ex- 
tensive creep data developed by the 
committee covering commercial ferrous 
and non-ferrous metals and alloys. 
The Joint Committee is sponsoring 
at this annual meeting a Round-Table 
Discussion on Effect of Sub-Atmospheric 
Temperatures on the Properties of 
Metals.* While there is a considerable 
amount of information extant bearing 
on the behavior of metals at low tem- 
peratures, there is a need and a demand 
for gathering together all the available 
knowledge possible on the subject in the 


2 See p. 211. 
+ For résumé of discussion see p. 637. 
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These 
coatings on copper and brass and on 
zinc-base die castings; also a few zinc, 
nickel, and chromium coatings on steel. 
The current report summarizes certain 


form in which it will be most useful to 
engineers and metallurgists. 


The Joint Committee on Exposure 
Tests of Plating on Non-Ferrous Metals, 


composed of representatives of the 
American Electro-Platers’ Society, the 
National Bureau of Standards, and this 
Society, is presenting a progress report* 
at this annual meeting on inspection of 
plated specimens listed in the 1936 and 


1938 reports of the Joint Committee. 
include chromium and_ nickel 


major conclusions that have been drawn 
regarding the effect of different variables 


on the protective value of the coatings. 


Discussions are also included on the 


effect of cleaning and on the effect of a 


grease film. 

The committee has under considera- 
tion the drafting of specifications for 
electroplated coatings on non-ferrous 
metals, especially brass and zinc-base 
die castings based on these exposure tests 
and on experience of producers and users. 


Research Progress of A.S.T.M. Com- 


millees: 
Effect of Speed of Testing on Physical 


Properties of Metals (Committee E-1).— 
This investigation, sponsored by the 
Section on Effect of Speed of Testing of 
Committee E-1, is being carried on at 
the University of Illinois under an agree- 
ment between the university and the 
Society. The title of the project is 
largely self-explanatory. Various types 
of carbon and alloy steels, and brass, 
copper, and two aluminum alloys are 
being studied. The current report® of 
Committee E-1 describes the progress 
being made and points to the need for 
further studying the effect of rate of 
strain upon the properties of metals. 


4 See p. 304. 
5 See p. 520. 
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Committee E-9 has contributed $600 
from the Research Fund towards this 
project for the year ending June 30, 
1939, which has been supplemented by 
contributions totaling $700 from the 
National Smelting Co., Aluminum Com- 
pany of America, and Westinghouse 
Electric and Manufacturing Co. Other 
acknowledgments of contributions of 
materials and service are contained in 
the report of Committee E-1. 

Testing of Textile Finishes (Committee 
D-13).—This project has been set up 
during the year under the general 
auspices of Committee D-13 on Textile 
Materials. The object of the research 
is the development of physical testing 
methods for the evaluation of various 
types of textile finishes. The principal 
interest is in the development of a prac- 
tical, effective method for evaluating 
the “handle” of textile fabrics, which is 
the textile term to indicate the way a 
fabric feels when handled. The present 
method of evaluating this characteristic 
of a fabric is simply to feel it and judge 
the feel in comparison with the feel of 
other fabrics with similar finishes. This 
requires an individual of great experi- 
ence and is at best highly subjective. 
An effective testing method would be of 
great value to all who have need to 
evaluate the “handle” of fabrics. Other 
types of finishes on which research will 
be carried out are crease-proofed, slip- 
proofed, shrink-proofed and_ flame- 
proofed finishes. | 

The project is being supported finan- 
cially by about ten companies who have 
contributed $3300 for the first year’s 
work. A research associate has been 
appointed who will ‘shortly begin his 
duties at the National Bureau of Stand- 
ards where the program will be carried 
out. The August ASTM BuvLtetiN 
will contain a further account of this 
important project. 
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Moisture Content of Paperboard and 
of Corrugated Fiberboard Containers 


0, (Committee D-6).—Committee D-6 on 
by Paper and Paper Products, through its 
he Subcommittee IV on Fiberboard and 
i Fiberboard Containers, has made sub- 
Se stantial progress on an extensive study 
er which has for its principal objective the 
of securing of dependable data on the 
in moisture content of container grades of 

paperboards and of corrugated fiber- 
ee board containers, resulting from con- 
up ditioning these products in accordance 
ral with several specified procedures. The 
ile rdationship between moisture content 
ch and certain physical properties is also 
ng being studied. This project is of funda- 
Ri mental importance in the development 


of tests and specifications for fiberboard 
and fiberboard containers. The pro- 
gam has been publicized in the tech- 
ng nical press and the committee’s report on 
the work is expected to be available 
during the coming year. 

eat New Activities—In addition to the 
projects just described, research ac- 
tivities on the following subjects have 
his been started during the year by the 
committees named. Brief statements 
" ofeach of these projects appeared in the 


. of ASTM BuLietin for October, 1938: 

to Chilled and White Iron Castings (Committee 
her A-3) 
will Glazed Building Units (Committee C-15) 
lip- Consistency of Paint (Committee D-1) 
‘a Painting of Structural Iron and Steel (Com- 

mittee D-1) 
Acid Heat of Gasoline (Committee D-2) 

an- Cubic Foot Weight of Crushed Bituminous 
ave Coal (Committee D-5) 

. Plasticity and Swelling of Coal (Committee 
D-5) 
een Test Methods for Uniformity of Electrical 
his Insulating Materials (Plates, Tubes, and 
“a, Rods) (Committee D-9) 
7 Chemical Analysis of Rubber Products 
ried (Committee D-11) 
TIN Tests (Physical, Chemical, Electrical) of 
this Hard Rubber (Committee D-11) 


Sulfonated Detergents (Committee D-12) 


Tests of Plastics (Committee D-20) 

Recommended Practice for Dilatometric 
Analysis (Committee E-4) 

Felt (Committee D-13) 

Methods of Testing Rayon Staple and Spun 
Rayon Yarns (Committee D-13) 


The Study of Methods of Capping 
Structural Clay Tile at Rensselaer 
Polytechnic Institute under the general 
direction of Committee C-15 on Manu- | 
factured Masonry Units is substantially 
completed but is not yet in shape for 
formal report to the committee and the 
Society. 

The proposed Research on Correlation 
of Fundamental Properties of Paint 
Coatings and Service Tests (Committee 
D-1), referred to in Committee E-9’s | 
report last year, has been postponed — 
until conditions in the paint industry 
are more propitious for the initiation of 
this project. 

Committee E-9 still has under con- 
sideration the part that this Society 
might appropriately take in the pro- 
posed research on the standardization | 
of pH measurements which has been 
suggested to be carried out under the 
general auspices of the National Bureau 
of Standards. 

The reports of the standing com 
mittees this year contain much informa- 
tion on various research projects. The _ 
importance of the largest of these proj- _ 
ects, namely, the study of corrosion 
resistance of wire and wire products, 
warrants special mention of the fact that 
the report® of Committee A-5 for thisyear 
gives the results of the referee tests made — 
under the supervision of the National | 
Bureau of Standards, defining the orig-— 
inal characteristics of all wires on the oe 
exposure racks, and the first report of 
the Wire Inspection Committee giving | 
the results of exposure at the eleven 


test sites for a period of approximately 
two years. j 


6See p. 99. 
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Research Activities of Other Societies: 


National Research Council.—The So- 
ciety is represented on the Division of 
Engineering and Industrial Research of 
this Council by R. W. Crum and on the 
Highway Research Board of that Divi- 
sion by Prévost Hubbard, with F. E. 
Richart as alternate. A summary state- 
ment of the activities of the Research 
Council, including a statement of the 
work of the Highway Research Board, 
appears in Science for December 23 
and 30, 1938, Vol. 88, Nos. 2295 and 
2296. Reference should also be made 
to the annual Proceedings of the High- 
way Research Board covering the ac- 
tivities of the annual meeting of the 
Board held November 28 to December 
2, 1938. At this meeting Mr. Hubbard 
presented a paper on ‘Adhesion of 
Asphalt to Aggregates in the Presence 
of Water.”” Many papers and reports 
presented at these meetings are of un- 
doubted interest to a number of A.S. 
T.M. committees and the interlocking 
membership of those committees with 
the Highway Research Board practically 
assures that all such papers come 
promptly to the attention of the in- 
terested committees. 

A.S.M.E. Research Committee on Me- 
chanical Springs.—The Society is repre- 
sented on this research committee by 
C. T. Edgerton. Fatigue tests on 
helical compression springs were con- 
tinued during the year and the effect of 
surface finish on fatigue values is under 
investigation and will probably continue 
for some months. A survey of spring 


materials is expected to result in a 
compilation of a manual or current in- 
formation on the physical properties of 
steels generally used for spring making. 
Mr. Edgerton presented a paper at a 
meeting of the committee describing 
the present status of helical spring design 
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and relation of stresses to endurance of 
springs. 

Engineering Foundation—W elding Re- 
search Committee.—The Society is repre- 
sented on the Industrial Research Divi- 
sion of this committee by N. L. Mochel. 
This Division has for its objective the 
making of a survey of industrial welding 
research activities under way, con- 
templated, and desired, and providing 
organization to correlate these activities 
to the advantage of the welding industry. 
The Division as yet is largely in the 
formative stage of its work, although 
some projects are definitely under way. 
The division is organized into seven 
materials committees and six functional 
committees; the former deal with cast 
iron, carbon steels, low-alloy steels, 
high-alloy steels, aluminum alloys, cop- 
per alloys, and nickel alloys. The func- 
tional committees are on methods of 
testing, analysis of weld failures, weld 
stresses causes and effects, non- 
destructive tests, resistance welding, and 
structural fatigue testing. 

Our Society is directly interested ina 
number of these projects. Thus the 
Subcommittee on Carbon Steels is 
carrying out a study of the carbon- 
manganese ratio, a question that is of 
definite concern to Committee A-1 on 
Steel in connection with the subject of 
specifications for steels to be welded. 
Committees A-1 on Steel and A-10 on 
Iron-Chromium-Nickel Alloys are in- 
terested in the programs on the low- and 
high-alloy steels. The Subcommittee 
on Methods of Testing sponsored jointly 
with this Society a Symposium on 
Impact Testing’ held at the 1938 annual 
meeting. The work of the Subcom- 
mittee on Non-Destructive Tests has 
been carefully coordinated with the 
Society’s Committee E-7 on Radio 


7 Proceedings, Am. Soc. Testing Mats., Vol. 38, Part i 
p. 21 (1938). 
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graphic Testing. A comprehensive test- 
ing program on structural fatigue testing 
jis now under way. Other programs 
planned or under consideration are 
welding of aluminum alloys for pressure 
vessels and resistance welding of copper 
alloys, effect of wire temper and effect 
of arc length on the welding of nickel 
alloys, weld stresses related to pipe 
joints, and testing of spot welds. 


American Coordinating Committee on 
Corrosion: 


As the outcome of conferences with 
representatives of other societies en- 
gaged in corrosion research, referred to 
in the report last year, the Society has 
joined with some seventeen other na- 
tional societies and institutions in the 
formation of an American Coordinating 
Committee on Corrosion, which is to 
serve as a Clearing house and coordinat- 
ing agency for information on experience 
and work in progress in the field of cor- 
rosion and corrosion prevention. The 
names of the cooperating organizations 
and their representatives, together with 
an account of the organization meeting, 
appeared in the ASTM But LeTIN for 
March, 1939. 

The formation of this committee will 
meet a need which both individuals and 
organizations have felt for a clearing 
house for information on corrosion work. 
The committee is now compiling a list 
of the names and addresses of those 
working in the field of corrosion in this 
country, together with information as 
\o their special interests and their cur- 
rent programs of corrosion studies. In- 
lormation is being sought respecting the 
ames of individuals and organizations 
engaged in corrosion studies, the nature 
of such studies, and a record of experi- 
ence and publications. The compilation 
{such information will serve many use- 
ul purposes both to individual workers 
n the field and to the various technical 


On RESEARCH 


and industrial organizations that plan 
and carry out corrosion studies of many © 
different kinds. 

It is not the purpose of the Coordinat- 
ing Committee to abstract the literature 
on corrosion. 

The Coordinating Committee will of 
necessity proceed deliberately in the 
organization and extension of its work. 
One subcommittee is now engaged in 
examining all the information forms 
upon which the directory of research 
workers will be based, and another 
subcommittee is studying ways and 
means of permanent organization, which 
it is expected to effect at the next meet- 
ing of the A.C.C.C. to be held during 
this annual meeting of the Society. 


Cooperative Corrosion Project with British 
Tron and Steel Institute: 


It may be recalled from last year’s — 
report that through the interest of Com- 
mittee A-5, ingot iron panels supplied 
by the Corrosion Committee of the_ 
British Iron and Steel Institute and 
companion panels of zinc supplied 
through the courtesy of the New Jersey 
Zinc Co. are exposed on test racks at 
Sandy Hook, N. J., State College, Pa., 
and Brunot Island, Pa. The losses in 
weight of these panels after one year’s 
exposure have been determined and re- 
ported to the British Committee who in 
turn have submitted comparable data 
on losses of similar specimens at ten 
other stations scattered throughout the 
world. This work, including the prep- 
aration of the report, has been done by 
H. E. Smith, Materials Engineer; the 
National Bureau of Standards cooper- 
ated in cleaning and weighing the panels. 


Administrative Matters: 


With this meeting the term of R. W. 
Crum expires, and G. F. Jenks, Colonel, 
Ordance Department, Washington, D.C., 
has been appointed to succeed him. 
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The principal of the A.S.T.M. Re- 
search Fund is now $23,032.68. Since 
the report a year ago the principal was 
augmented by $1400 from the entrance 
fees for 1938 and profit on sale of 
investments amounting to $154.50. 

The balance of income in the Research 
Fund on May 31, 1939, was $779.50, 
of which approximately $300 has been 
earmarked for several miscellaneous 


projects. The present annual available 
income from the principal of the Fund 
is approximately $680. 


Respectfully submitted on behalf of 
the committee, 
T. S. FULLER, 


C. L. Warwick, 
Secretary. 
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Committee E-10 on Standards held 
two meetings during the year: in Phil- 
adelphia, Pa., on August 25, 1938, and 
on December 14, 1938. 

The committee records with sorrow 
the death on July 30, 1938, of J. B. 
Young who had served as a member of 
Committee E-10 since 1934, The Ex- 
ecutive Committee of the Society ap- 
pointed J. R. Townsend of the Bell Tele- 
phone Laboratories to fill Mr. Young’s 
unexpired term (until 1940). R. P. 
Anderson of the American Petroleum 
Institute, and H. S. Mattimore of the 
Pennsylvania State Highway Depart- 
ment were reappointed to serve as 
members of the committee for a three- 
year term, expiring in 1941. 

During the year Committee E-10, in 
cooperation with the officers of standing 
committees, has made a study of the 
Society’s procedure with respect to the 
development of standards, with particu- 
lar reference to the significance and 
status of tentative standards. This 
review has resulted in the following 
conclusions: 

1. There is general agreement that the status 

tentative standards should be continued since 

s found helpful in the development of 
tandards. 

2. There should probably be no attempt to 

ike any greater distinction between standards 

| tentative standards. 

3. While some few considered that the term 
provisional” would be more appropriate, in 
general the sentiment was in favor of retaining 

term “tentative,” especially since it has 
n in general use over a period of years and is 
generally understood. 


STANDARDS 


MMITTEE E-10 


4. Two types of tentative standards are 
recognized: Those which are practically in final 
shape which would almost warrant immediate 
adoption as standard, and those which are in a 
very preliminary stage and represent the first 
attempt at arriving at a standard. With re- 
spect to the latter, it is suggested that in many 
instances these should preferably be published 
as information. 

5. There is a very definite sentiment that 
committees should be urged to seek adoption 
as standard more promptly. 

6. There is no general agreement as to 
whether there should be a definite time limit 
by which tentative standards must be adopted 
as standard or discontinued. A number of 
replies indicate that there should be such a 
limit of, say, one, two, or three years; others 
are just as positive that no time limit should be 
fixed, that the standing committees are in the 
best position to judge as to when the tentative 
standard is ready for adoption. 

The replies resulted in a number of sugges- 
tions, as for example, that tentative standards 
should be revised only for essential changes, 
that any changes that are for clarification only 
should be deferred until the tentative standard 
is adopted and all editorial changes made at 
that time. 


In the light of this review certain 
revisions in the Regulations Governing 
Standing Committees were prepared 
and submitted to the Executive Com- 
mittee of the Society. Essentially these 
same revisions are now being balloted 
on in Committee E-5 on Standing Com- 
mittees and are discussed in detail in 
the report of the Executive Committee 
being presented at this annual meeting 
of the Society. 

Certification. The attention 


Com- 


1 See p. 42. 
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mittee E-10 has been drawn to the 
diverse manner in which the matter of 
certification has been handled in various 
A.S.T.M. specifications. It is of course 
in only a relatively few cases that any 
certification clause has been found de- 
sirable by the standing committees 
sponsoring the specifications, for in the 
majority of cases certification is con- 
sidered to be a contractual matter 
between the purchaser and seller and is 
so handled. There are, however, certain 
instances when material which has been 
manufactured and tested in large lots 
is shipped to a jobber for sale in small 
quantities, and in these instances certi- 
fication is employed as a guarantee to 
the ultimate buyer. It is a question, 
however, whether the manner in which 
certification is now handled in certain 
of the specifications really accomplishes 
the purpose for which it was intended, 
and it was thought the wording now 
employed with reference to the offering 
of a certificate in lieu of making the tests 
required deserved careful review on the 
part of the sponsoring committee. 
Committee E-10 requested that the 
committees concerned, namely, A-1 on 
Steel, A-3 on Cast Iron, and A-7 on 
Malleable Iron Castings, give serious 
consideration to this entire subject to 
insure that there is really need for the 
inclusion of a certification clause and, 
if so, to the wording that is employed, 
a suggested wording having been pre- 
pared by Committee E-10. This is now 
receiving consideration in the com- 
mittees concerned. 

The activities of Committee E-10 on 
Standards during the past year are set 
forth under the following heads: Re- 
view of A.S.T.M. standardization activi- 
ties, consideration of new and revised 
standards, promotion and expansion of 
standardization activities, and relations 
with American Standards Association. 

As in the previous year, a very con- 


siderable number of new tentative 
standards and revisions of existing 
standards and tentative standards have 
been submitted to Committee E-10 
during the year for approval. For the 
most part these were considered at the 
August meeting of the committee. 


REVIEW OF A.S.T.M. STANDARDIZATION 
ACTIVITIES 


A general summary of the new and 
revised tentative standards submitted 
at the 1938 annual meeting was included 
in the August issue of the ASTM 
BULLETIN,’ together with a review of 
the standardization work of the various 
committees, with statements concerning 
new standards in prospect. Much of 
the information, particularly with re- 
spect to standardization projects under 
development in committees, is furnished 
by the standing committees subsequent 
to the annual meeting and takes advan- 
tage of the fact that many committees 
plan their next year’s work at committee 
meetings held during the annual meeting. 

At the present writing, it is possible 
to make only a preliminary estimate i 
terms of new and revised standards of 
the volume of standardization work 
accomplished during the year and re- 
ported to the Society at this meeting 
The reports of standing committees to 
be presented at the annual meeting 
include recommendations to the Society 
substantially as follows: 


New tentative standards . . 

Revisions of existing tentative standards 

Tentative revisions of existing standards 

Tentative standards recommended for 
adoption as standard. . < 

Revisions of existing standards recom- 
mended for adoption as standard. . 

Standards and tentative standards with- 
drawn or replaced 


There are at present 505 standards 
and 365 tentative standards of the 


2 ASTM BuLtetin, No. 93, August, 1938, p. 28. 
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Society, making a total of 870, and if 
the above recommendations are ap- 
proved this total will become 875. 


CONSIDERATION OF NEW AND REVISED 
STANDARDS 


Proposed new standards approved by 
Committee E-10 and published as tenta- 
tive during the year are as follows: 


Tentative Specifications for: 


Lap-Welded and Seamless Steel and Lap- 
Welded Iron Boiler Tubes (A 83 - 38 T), 
submitted by Committee A-1 on Steel, 

Seamless Carbon-Molybdenum Alloy-Steel 
Boiler and Superheater Tubes (A 209 
38 T), submitted by Committee A-1, 

Medium Carbon Seamless Steel Boiler and 
Superheater Tubes (A 210 ~— 38 T), sub- 
mitted by Committee A-1, 

Spiral Welded Steel or Iron Pipe (A 211 
38 T), submitted by Committee A-1, 
Electrolytic Cathode Copper (B 115 
38 T), submitted by Committee B-2 on 
Non-Ferrous Metals and Alloys, 

Hydraulic Hydrated Lime for Structural 
Purposes, submitted by Committee C-7 
on Lime, 

Asphalt Plank (D 517 - 38 T), submitted 
by Committee D-4 on Road and Paving 
Materials, 

Sieves for Testing Purposes (Wire Cloth 
Sieves, Round-Hole and Square-Hole 
Screens or Sieves) (EK 11-387), sub- 
mitted by Committee E-1 on Methods 
of Testing, 


Tentative Methods of: 


Test for Clay Lumps in Aggregates (C 142 
38 T), submitted by Committee C-9 on 
Concrete and Concrete Aggregates, 

Test for Resistance to Light Checking and 
Cracking of Rubber Compounds (D 518 


38 T), submitted by Committee D-11 _ 


on Rubber Products, and 
Test for Fiber Length of Wool, submitted 


by Committee D-13 on Textile Materials. om 


Revisions of the following tentative | 
standards and standards were accepted — 


by Committee E-10: 


Tentative Specifications for: 


Seamless Steel Boiler Tubes for High-— 
sub- | 


Pressure Service (A 192 - 38 T), 
mitted by Committee A-1 on Steel, 
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Carbon and Alloy-Steel Nuts for Bolts for 
High-Pressure and High-Temperature 
Service to 1100 F. (A 194-38 T), sub- 
mitted by Committee A-1, 

Copper and Copper-Alloy Seamless Con- 


denser Tubes and Ferrule Stock (B 111 — 
38 T), submitted by Committee B-5 on 
Copper and Copper Alloys, Cast and 
Wrought, 
Tentative Methods of: 

Test for Abrasion of Coarse Aggregate by 
Use of the Los Angeles Machine (C 131 
38 T), submitted by Committees C-9 on 
Concrete and Concrete Aggregates and 
D-4 on Road and Paving Materials, 

Testing Films Deposited from Bituminous 
Emulsions (D 466 — 38 T), submitted by 
Committee D-8 on Bituminous Water- 
proofing and Roofing Materials, 

Testing Sheet and Plate Materials Used in 
Electrical Insulation (D 229 — 38 T), sub- 
mitted by Committee D-9 on Electrical 
Insulating Materials, 

Testing Pin-Type, Lime Glass Insulators 
(D 468 — 38 T), submitted by Committee 
D-9, 

Testing Rubber Insulated Wire and Cable 
(D 470 — 38 T), submitted by Committee 
D-11 on Rubber Products, 

Bend Testing for Ductility of Metals 
(E 16-38 T), submitted by Committee 
E-1 on Methods of Testing, 

Sampling Ferro-Alloys (A 103 — 36 T), sub- 
mitted by Committee E-3 on Chemical 
Analysis of Metals, 

Chemical Analysis of Ferro-Alloys (A 104 - 
36 T), submitted by Committee E-3. 


Standard Specifications for: 


Billet-Steel Concrete Reinforcement Bars : 
(A 15-35), submitted by Committee 

A-1 on Steel, 

_ Axle-Steel Concrete Reinforcement Bars 

(A 160 - 36), submitted by Committee 

A-1, 


30 in. and Over) (A 134 
by Committee A-1, 


36), submitted 


7 8 in. to but not Including 30 in.) (A 139 — 

36), submitted by Committee A-1, 

-Spiegeleisen (A 98-27), submitted by 
Committee A-9 on Ferro-Alloys, 

Ferromanganese (A 99 — 27), submitted by 
Committee A-9, 

-Ferrosilicon (A 100-27), submitted by 

Committee A-9, 
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Ferrochromium (A 101 — 27), submitted by 
= Committee A-9, 
_ Ferrovanadium (A 102 — 27), submitted by 
Committee A-9, 
Molybdedenum Salts and Compounds 
(A 146 - 34), submitted by Committee 
A-9, 

Ferromolybdenum (A 132 — 34), and Low- 
Carbon Ferromolybdenum (A 145 — 34), 
submitted by Committee A-9, 

Ferrotungsten (A 144 — 34), submitted by 
Committee A-9, 

Phosphor Tin (B 51-27), submitted by 
Committee B-2 on Non-Ferrous Metals 
and Alloys, 

Phosphor Copper (B 52-27), submitted 
by Committee B-2, 

Silicon Copper (B 53-27), submitted by 
Committee B-2, 

Brazing Solder (B 64-28), submitted by 
Committee B-2, 

Aluminum-Bronze Castings (B 59 — 38), 
submitted by Committee B-5 on Copper 
and Copper Alloys, Cast and Wrought, 

Clay Sewer Pipe (C 13 — 35), submitted by 
Committee C-4 on Clay Pipe, 


Standard Methods of: , 


Test for Unit Weight of Aggregate for Con- 
crete (C 29-27), submitted by Com- 
mittee C-9 on Concrete and Concrete 
Aggregates, 

Test for Structural Strength of Fine Aggre- 
gate Using Constant Water-Cement- 
Ratio Mortar (C 87-36), submitted 
by Committee C-9, 

Chemical Analysis of Rubber Products 
(D 297 — 38), submitted by Committee 
D-11 on Rubber Products, 

Test for Hardness of Rubber (D 314 — 34), 
submitted by Committee D-11, 


Standard Grain Size Chart for: 


Classification of Steels (E 19-33), sub- 


mitted by Committee E-4 on Metallog- 
raphy, and 


Standard Definitions of: 


Terms Relating to Lime (C 51 - 28), sub- 
mitted by Committee C-7 on Lime. 


The withdrawal of the following 
standards and tentative standards which 
were replaced by new specifications and 
methods was approved by Committee 
E-10: 
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Standard Specifications for: 


Lap-Welded and Seamless Steel and Lap. 
Welded Iron Boiler Tubes (A 83 - 36 
recommended by Committee A-1 
Steel, 

_ Sieves for Testing Purposes (E 11 -2¢ 


and for Round-Hole Screens for Testing 
Purposes (E 17 — 36), recommended }y 
Committee E-1 on Methods of Testing 
and 


Tentative Method of: 


Test for Saponification Number of E| 
trical Insulating Oils (Modified Baader 
Method) (D 438-367), recommen 
by Committee D-9 on Electrical Insy 
lating Materials. 


PROMOTION AND EXPANSION OF 
STANDARDIZATION ACTIVITIES 


In view of the various inquiries that 
the Society had received with respect 
to specifications for sulfur cements 
principally in connection with their use 
as a jointing compound, Committee E-10 
sponsored a conference on the subject 
in order to determine the amount of 
interest in the matter and the method 
in which it might best be handled, either 
by assignment to an existing standing 
committee or through the formation of 4 
new committee. The conference was 
held in Philadelphia, Pa., on October 6 
1938, with H. S. Mattimore as chairman. 
The conference was of the opinion that 
standardization of sulfur cements de- 
serves the interest of organized work 
and recommended that an A.S.T.M. 
committee be formed on this subject. 
The Executive Committee has approved 
this recommendation and it is expected 
that a committee on sulfur cements wil 
be organized later in the year. 

An inquiry from the Porcelain Enamel 
Institute as to the procedure to be 
followed in the establishment by the 
Society of standard test procedures has 
resulted in discussions with various 
interested companies as to whether this 
is a subject on which standardization 
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work should be undertaken by the So- 
ciety. Various tests are now employed 
in evaluating the properties of these 
enamels and much work has been carried 
out by the Porcelain Enamel Institute. 
There would appear to be some need 
for standardization with respect to test 
procedures, and more recently there has 
developed a need for standard specifica- 
tions, since various agencies now find it 
necessary to develop specifications for 
the material in its different applications. 
The opinions so far expressed indicate, 
in general, considerable interest in the 
subject and a feeling that it would be of 
decided advantage to both manufac- 
turers and consumers to have standard 
specifications and test methods in this 
field. Discussions on the subject are 
being continued. 

The question of specifications for glues 
has been before Committee E-10 for a 
number of years. Since the gummed 
industries are now cooperating in the 
work of Committee D-6 on Paper and 
Paper Products and may wish work to 
be undertaken on glue, Committee E-10 
has decided to defer consideration of this 
matter pending the receipt of a request 
irom Committee D-6 for such specifica- 
tions, 

The question of having work under- 
taken on standards in the field of in- 
dustrial chemicals has been discussed 
with the Manufacturing Chemists’ Asso- 
tiation. That association, after giving 
careful consideration to the subject, is 
of the opinion that, since specifications 
or industrial chemicals vary with the 
se, the possibility of a single specifica- 
tion applying, for example, to caustic 
“da or sulfuric acid usable for different 
— trades is not feasible, and 

further, that there does not appear to 

be any genuine need for a program to 

specifications for each, of 

h industrial chemical. 


STANDARDS 
, j RELATIONS WITH AMERICAN STANDARDS 
iety. Vari ASSOCIATION 
Standards Submitted Under Proprie- 


7 


tary Method.—The proprietary method — 
for submitting revisions of standards 
approved by the American Standards 
Association is particularly appropriate 
for a large number of A.S.T.M. stand- 
ards. Under this procedure revisions 
of the following American standards 
have been approved during the year by 
the ASA: 


Standard Specifications for: 


Structural Rivet Steel (A 141 ~— 38; ASA 
G21—1938), 

Bronze Trolley Wire (B 9 — 38; ASA H22.1— 
1938), 

Copper Trolley Wire (B 47-38; ASA 
H22.2—1938), 

Basic Carbonate White Lead (D 81 — 38; 


ASA K23—1938), and ee. 
Standard General Methods of: 
Testing Woven Textile Fabrics (D 39 — 38; fe 
ASA L5-1938). a 


Standards Submitted Under Sectional a 
Committee Procedure.—Reports were re- 
ceived from several of the sectional 
committees for which the Society is 
sponsor, submitting standards to the — 
ASA for approval. These reports have 
been transmitted to that association 
and the following standards have been 
approved during the year as American 
standards, with the exception of one— 


which has been approved as American 

tentative standard, as indicated: 

On the Recommendation of Sectional Committee 
B36 on Standardization of Dimensions and 


Materials of Wrought-Iron and Wrought- 
Steel Pipe and Tubing: 


Specifications for Welded Wrought-Iron — 
Pipe (A 72 — 38; ASA B36.2—1939), and — 

Specifications for Electric-Fusion-Welded 
Steel Pipe for High-Temperature and 
High-Pressure Service (A 155 —- 36; ASA 
B36.11—1939). 
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On the Recommendation of Sectional Committee 


ing Code Requirements for Reinforced 
M20 on Classification of Coals: 


Gypsum Concrete, represented by W. 
Specifications for Classification of Coals J. Krefeld of Columbia University, 
by Rank (D 388 - 38; ASA M20.1—1938), Sectional Committee A62 on Coordi- 


‘nt : nation of Dimensions of Building Ma- 
_ Method for Designating the Size of Coal & Ma 


from Its Screen Analysis (D 431 — 38; terials and Equipment, represented by 
ASA M20.3—1938). Theodore I. Coe of the American Inst 
tute of Architects, 

Sectional Committee D9 on Standard 
ization in the Field of Aeronautics, repre 
7 Method of Test for Distillation of Gasoline, sented by C. B. Veal of the Society of 

_ Naphtha, Kerosine and Similar Petroleum Automotive Engineers, with R. P. he 


Products (D 86 — 38; ASA Z11.10—1938), le f the A Keene: Dintina Insti 
Method of Test for Viscosity by Means of 


the Saybolt Viscosimeter (D 88-38; tute as alternate, and 
_ ASA Z11.2 —1938), Sectional Committee Z38 on Stand- 


Method of Test for Color of Refined Petro- ardization in the Field of Photography, 
leum Oil by Means of Saybolt Chromom " 
eter (D 156 — 38; ASA Z11.35—1938), 

Method of Test for Distillation of Gas Oil 


‘On the Recommendation of Sectional Committee 
Z11 on Petroleum Products and Lubricants: 


represented by L. V. Foster of Bausch 
& Lomb Optical Co., with H. E. See 


and Similar Distillate Fuel Oils (D 158 mann of Eastman Kodak Co. as alter- 
38; ASA Z11.26—1938), and nate. 

Tentative Method of Test for Knock In order to coordinate the work of 
Characteristics of Motor Fuels (D 357 Committee D-9 on Electrical Insulat- 


38T; ASA Z11.37—1938), approved as 


: ing Materials and Sectional Committee 
American tentative standard. 


C29 on Insulators for Electric Power 
Sectional Committees Organized.—The Lines, the Society has requested and has 
following sectional committees of in- been granted representation on the latter 
terest to the A.S.T.M. have been organ- committee, with the following serving as 
A.S.T.M. representatives: U. E. Bowes, 
ized during the past year under, the 
3 ; Merrill DeMerit, V. F. Hammel, and 
procedure of the American Standards 
Association and the Society has accord- 
ingly appointed representatives thereon: 


Respectfully submitted on behalf of 
Sectional Committee A56 on Building 


the committee, 


Code Requirements for Excavations and CLoyp M. CHapMaN, 
Foundations, represented by W. S. Chairman. 
Housel of the University of Michigan, C. L. WARWICK, © 


_ Sectional Committee A59 on Build- Ex-officio Secretary. 
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TECHNICAL PAPERS 


With Discussions 
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STRESS, STRAIN, AND 


EDGAR MARBURG LECTURE! 


By H. F. 


| wish at the very beginning to make 
two general statements of my viewpoint 
and my general purpose in this lecture. 

I am a testing engineer, whose work 
has been very largely with metals. This 
influences the viewpoint, and especially 
the illustrations used in this lecture. 
Metallurgists, chemists, physicists, and 
workers with non-metallic materials may 
quite justly criticize this presentation 
as not giving due emphasis to the sub- 
ject matter of their fields. May I ask 
such to try the plan which I have found 
effective when listening to or reading a 
dreary sermon, or one with which I 
disagree. I try not to get indignant, 
but rather to consider the question ‘‘How 
did that preacher get that way?” When 
[am successful in making my rather 
wayward mind behave thus, there 
isually develops a surprising amount of 
sympathy for the “preacher chap,” the 
net result is benefit rather than a grouch. 

Then I am going to try to give pictures 
of the forest rather than close-ups of 


ne 


dividual trees,—cartoons rather than 
letail photographs. This means that 
there may be many fine points over- 
wked and perhaps some too broad gen- 
falizations made. I hope not but | 
lear so. 

The members of the American Society 
lor Testing Materials resemble the 


Read on June 28, 1939, before the Annual Meeting of 
pmerican Society for Testing Materials, Atlantic City, 


* Research Professor of Engineering Materials, Uni- 
‘sity of Illinois, Urbana, 


STRUCTURAL DAMAGE 


Moore? 


materials of construction in that they 
are not homogeneous. ‘There are vari- 
ous breeds of engineers, also pure physi- 
cists, pure chemists, metallurgists and 
timber experts who are most of these 
things and biologists to boot,——the list 
might go on much further. There are 
producers and consumers, salesmen, 
technicians and even a few executives. 
The only type of individual I have not 
in the A.S.T.M. is the “yes man.” 
Now this address should be so planned 
as to arouse some interest in all these 
people, and I am going to try the rather 
dangerous experiment of making a few 
remarks in what I hope is a philosophical 
vein. The pure philosopher and the 
pure scientist have as a common goal 
the discovery of truth—- impersonal truth 
free from all contagion of ‘wishful 
thinking,” and, let us hope, free from 
that less recognized but equally danger- 
ous defect, wishful observation. In 
their search for impersonal truth, scien- 
tists and philosophers have usually 
found it inexpedient to pay much atten- 
tion to questions of value or significance 
of the truth discovered, although, among 
the philosophers at least, this attitude 
shows signs of changing. But we of the 
A.S.T.M. who have to serve producers 
and consumers of materials cannot 
possibly neglect questions of value and 
significance. It is not infrequently true 


that such questions as ‘What is the 
significance of these test results?” and 
“What is the value of this quality of a 
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material in service?”’ are almost, if not 
quite, as important as is the question, 
“What is the truth about the properties 
of the material?” 

In planning the shape and size of 
structural and machine members so that 
they will function without mechanical 
failure, the designer has to consider the 
problem of materials from several view- 
points of which three may be considered 
here: (1) what are the magnitudes, 
directions, length of time and frequency 
of application of the loads which the 
part must carry, and how long a “life” 
must the part have for satisfactory 
service?; (2) what are the intensities of 
internal force (stresses), the deforma- 
tions (strains), and the energy repre- 
sented by the stress-strain relation which 
must be resisted without injury; and (3) 
what are the significant resisting proper- 
ties of various available materials for 
the part, and what is their quantitative 
value? 

The answer to the first question de- 
mands a study of the conditions of 
service, sometimes involving consider- 
able statistical field study or experiment, 
and always involving considerable un- 
certainty. The answer to the second 
question involves computations gen- 
erally based on the common formulas of 
the mechanics of materials and involving 
the acceptance as “true” for actual 
materials of the assumptions of those 
formulas—for all formulas involve as- 
sumptions. However, the determina- 
tion of stresses, strains, and internal 
energies does not give any information as 
to the destructive effect produced on any 
given material. So then the third 
question must be answered on the basis 
of tests of material, either laboratory 
tests or service tests. Now what is the 
significance of different laboratory tests 
of materials for a given structural or 
machine part. For example, what are 
the significant laboratory tests of mate- 
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rial for a connecting rod for a Diesel 
engine; test of tensile strength, of yield 
strength, of ductility, strength under 
long-continued steady load, strength 
under load repeated millions of times, 
resistance to fracture under one rapidly 
applied load (impact), and so on. 

Taking another view of the A.S.T.M., 
not merely as an organization which 
began its career in 1898, but as an out- 
growth of the thoughts and activities of 
people who, before the dawn of recorded 
history, were using materials and judging 
their fitness, it seems in order to com- 
ment very briefly on the development of 
our ideas about material, on the ever 
increasing complexity of our problems, 
and on the growing use of quantitative 
measures of value as a basis for choosing 
materials for our structures and ma- 
chines. 

Legends of metallurgical methods in 
medieval times are known, and an ex- 
amination of certain ancient structures, 
notably Gothic cathedrals and_ the 
dimensions of beams of the ancient naval 
storehouse at Piraeus the port of Athens, 
indicate that by some means unknown to 
us the architects proportioned arches 
and beams much as would the present- 
day structural engineer, if we used the 
same materials. But we have no clear 
light on the proceedings of the ancient 
and medieval societies for testing mate- 
rials (if such there were) until we come 
to that great figure in the history of 
experimental study, Galileo, and con- 
sider his development of the theory o/ 
the strength of beams. 

His discourse on beams was published 
about twenty years after the Pilgrims 
landed at Plymouth and about forty 
years before the capital city of the 
A.S.T.M. was founded by William Penn. 
Briefly his assumptions, expressed 1 
modern terms, were as follows: (1 
fracture is the index of structural damage 
to the material, and would be deter- 
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mined by tensile strength (Galileo has 
left us very little information as to the 
details of any of his experimental work 
on materials), (2) the moment of the 
resisting forces inside the beam at any 
gction balances the bending moment of 
the outside forces to one side of that 
section, (3) the forces inside the beam 
“pivoted” about the compression edge 
of the beam, and (4) the beam remained 
absolutely rigid until fracture, and con- 
sequently the intensity of internal force 
stress) was uniform over any cross- 
sction of the beam and the total in- 
ternal force might be replaced by a re- 
sultant force acting at the center of 
gravity of the cross-section, with an 
“arm” equal to the distance from that 
center of gravity to the compression 
edge. 

The supposition that internal moment 
balances external moment to one side of 
a section we still use. We recognize 
other indices of structural damage be- 
sides fracture, and we have found that 
the assumption of absolute rigidity and 
uniform stress distribution is not true. 
However let us not judge Galileo 
harshly; it seems highly probable that 
our present-day assumptions are not 
rigidly true either, and for well over a 
entury Galileo’s analysis worked very 
vell for rectangular beams of wood and 
stone. 

Galileo’s simple index of structural 
lamage, tensile strength, is not, how- 
ever, adequate for us today. So here 
may I offer a definition of structural 
amage, not for approval by the Com- 

tteeon Nomenclature and Definitions, 
wut for the use of hearers and readers of 
this lecture. 


A structural or machine part suffers structural 
‘amage when, due to fracture or deformation, it 
ases to function satisfactorily. 


Before going on to discuss various 
'ypes of structural damage I wish to con- 


AND STRUCTURAL DAMAGE 


sider a very common, although usually 
tacit, assumption made _ in studying 
structural and machine parts, namely, 
that when the critical stress for struc-— 
tural damage (as determined by a 
simple laboratory test of the material) 
is exceeded at any point in a part then 
that part has suffered structural damage. 
I shall discuss this assumption by de- 
scribing an experiment which at the 
University of Illinois we have our ad-— 
vanced students in materials laboratory 
perform. In this test, permanent pe a 
ormation is recognized as the type of 
structural damage considered, and per- 
manent deformation is taken as meas-— 
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Fic. 1.—Stress-Strain Diagrams and Yield 
Strengths of Different Shapes of Steel Beams 
Tested in Flexure. 


ured by the amount of deviation in 
strain from that given by Hooke’s law 
(strain proportional to stress) as load is 
applied. This measure of permanent 
set is approximate but reliable—at least 
for the common metals. 

The student is given three pieces of 
structural steel all cut from the same 
bar, 1 in. square, and all the same length. 
One of the pieces is left square, a second 
is turned to a circular section, and the 
third is milled to I-beam shape. Each 
bar is then placed on the weighing table 
of a testing machine and a flexural test 
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made in which load and deflection are 
measured. Below the limit of elastic 
strength, stress in the extreme fibers of 
the specimen is proportional to load, and 
deflection is proportional to strain. 
Therefore a stress-strain diagram for the 
test of each bar can be drawn as shown 
in Fig. 1. The students are directed to 
determine the elastic strength of the 
steel from the test results for the three 
bars, and the elastic strength is set at an 
arbitrary limit of structural damage 
located by a permanent set of, say, 0.05 
per cent strain, or what is approximately 
the same thing, an offset of 0.05 per cent 
from the straight-line part of the stress- 
strain diagram, as is shown in Fig. 1. 
The student usually expects, as I did the 
first time I tried the experiment, that 
the three specimens would give ap- 
proximately equal values for elastic 
strength, but they do not, as can be seen 
from Fig. 1. In the case of the round 
bar the “most stressed fiber” covers a 
very small portion of the area of the 
cross-section, and it is “backed up” by 
understressed fibers close at hand; for 
the square bar a zone of most stressed 
fibers extends clear across the edge and 
fewer nearby understressed fibers are 
available for help. In the case of the 
I-section bar there are relatively few 
understressed fibers available to help 
the most stressed fibers. 

This experiment is designed to show 
the students that the actual resistance of 
a structural or machine part to structural 
damage by permanent deformation de- 
pends not alone on the maximum stress, 


but also on the area affected by that 


stress, by the distance and amount of 
understressed material to which some 
of the overstress can be shifted, and 
on the ductility of the material which 
permits slight permanent set without 
fracture. 

Now actually in all materials, at least 
all the common structural materials, 
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there are always minute areas of hig 
stress; that is, the material is by m 
means perfectly homogeneous. Smal 
inelastic deformations cut down {| 
“peaks” of these localized high stresses 
I doubt very much whether there ar 
any machine parts in service which 
over microscopic areas here and ther 
have not been stressed beyond the elast 
range (if there is any range of absolut 
elastic action). I further believe tha 
if it were not for this relief of stress bj 
localized inelastic action it would be ver 
doubtful whether our structural an 
machine parts would stand up in service 
Carefully dried plaster of Paris shows 
very little inelastic action right up t 
fracture, and even if a very strong plaster 
of Paris could be developed no one would 
dare to make a crane hook out of it, or 
out of ordinary gray cast iron for that 
matter. 

I beg your indulgence while I discuss 
this simple test somewhat further. The 
resistance of a beam to structural 
damage by permanent distortion de- 
pends to a considerable degree on the 
behavior of its material when the action 
is no longer perfectly elastic. That is 
our ordinary stress-strain formulas— 
the whole mathematical theory of elas- 
ticity, in fact—is based on the behavior 
of an ideal material which would not be- 
have quite as our actual materials do, 
and which does not fully explain the 
results of our simple flexure test of ste¢! 
bars. The ideal material assumed by 
the theory of elasticity is perfectly 
homogeneous and _ isotropic (equally 
deformable in all directions), and 
Hooke’s law is assumed to hold. 4 
glance through the microscope disposes 
of the question of homogeneity of tim- 
ber, concrete, brick, and the ordinary 
structural metals. Tests of single crys 
tals, or of specimens of wood dispose . 
the assumption of isotropy. Hookes 
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sme more or less definite limiting stress. 
If one feels in the mood to indulge in a 
bit of technological muck raking he may 
dismiss the attempt to apply the mathe- 
matical theory of elasticity to actual 
materials of construction with the re- 
mark that when so applied the theory is 
based on three assumptions, two of 
which are false and the third of which is 
an empirical approximation. Now the 
materials testers of all varieties have not 
adopted this attitude, and I wish to 
point out a comparison between their 
attitude and that of some legal, and I 
regret to say, some religious groups when 
faced with a similar attack on some of 
their fundamental assumptions. I know 
of no record of the proclaimers of the 
non-infallibility of the theory of elas- 
ticity being confined in the stocks, 
ducked in the town pond, or even being 
thrown out of the A.S.T.M. for their 
neresy. There have been discussions, 
afew fairly acrimonious ones, but we 
materials testers have refused to be 
stampeded, even by a really very revolu- 
onary idea. The common reaction to 
such statements as I have made has been 

e inelegant, but highly pertinent 
lestion “so what?’’, and when that 
estion is considered the results are not 

very alarming. 

We can regard all our structural ma- 
erals as having a “statistical homoge- 
eity,” and to illustrate what I mean by 
that phrase may I choose as an intellec- 
ual guinea pig for discussion Committee 
\) on Concrete and Concrete Aggre- 

les. That committee is composed of 

arge number of diverse individuals, 
ith wide variations of opinion, and yet 
$a whole follows a consistent and 
nified policy. 

0 with our materials of construction. 
‘ttuctural damage to a material, at 


Pas 


ast under static load, rarely, if ever, 


of material is involved—a volume com- 
prising thousands of grains or of fibers, 
hundreds of thousands of space lattice 
cells, and millions of atoms. That 


might be useful and reliable guides, and 
since no better theory has as yet been 
developed than the mathematical theory 
of elasticity, and since it may be re- — 
garded as statistically true when applied 
to actual materials, we propose to retain 
it and use it until a better method has 
been demonstrated, and shown to be 
usable. 

I believe this attitude is typical of the 
applied scientist. I believe it to be an 
attitude not only justifiable but praise-— 
worthy in our reactions to the actual 
problems of materials and of life. I 
recognize the danger of becoming too 
insensitive to better fundamental as-— 
sumptions and the theories built on 
them, but after all that is considered, I - 
respectfully call the attention of the— 


attitude and humbly suggest that it is — 
worthy of consideration. (I except the— 
medical profession; they are really ap-— 
plied scientists, and this is an old story 
to them.) I hope as I proceed with this: 
lecture to show how our theory of elas- 
ticity may be regarded as within wide 
limits a safe guide to the materials 
engineer, and how by relatively slight — 


our present-day needs. 7 
STRUCTURAL DAMAGE BY ELASTIC 
DEFORMATION 


I now wish to discuss four types of 
structural damage due to mechanical 
causes: (1) elastic deformation, (2) 
damage by inelastic action, (3) fracture, 
and (4) damage by continuing deforma- 
tion or “‘creep.”” These are by no means 
the only kinds of structural damage; such 
important types as corrosion and wear 
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are not mentioned. However, the limi- 
tations of time and the speaker’s knowl- 
edge make it seem advisable to limit our 
discussion to these four types of damage. 

Structural damage by elastic def- 
ormation may be illustrated by consider- 
ing the case of a steam turbine rotating 
disk with an ineffective shrink fit on the 
turbine shaft. Elastic deformation due 
to centrifugal force may make the disk 
loose on the shaft, and such looseness 
would be the primary structural damage. 
Even more serious secondary damage 
might follow. The looseness on the 
shaft may allow lateral vibrations to be 
set up followed by breaking of turbine 
blades attached to the disk as they 
strike against the nozzles through which 
steam comes. 

In passing, it may be noted that in the 
case of the turbine disk the looseness on 
the shaft would in itself be regarded as 
structural damage, even though the 
deformation was within the range of 
elastic strength of the metal and the 
disk again became tight on the shaft 
when rotation ceased. The secondary 
damage due to breaking of blades and 
injury to nozzles is even more serious. 
However, it is sometimes possible to 
cause structural damage to a member by 
elastic deformation without injuring the 
material. 

In spite of the non-homogeneity and 
non-isotropy of actual materials the 
theory of elasticity is a very satisfactory 
guide indeed for designing against struc- 
tural damage by elastic deformation. 
Viewed microscopically material is not 
homogeneous, but viewed  macro- 
scopically a structural or machine part 
under elastic stress behaves as if it were 
homogeneous within the tolerances of 
careful machine work. The material is 
“statistically” homogeneous. If, here 
and there, there is an “outlaw” crystal- 
line grain or fiber which is a ‘‘conscien- 
tious objector” to the general elastic 


5” 


behavior, the effect on the behavior of 
the whole part is negligible. For elastic 
deformation we may use the mathe. 
matical theory of elasticity, perhaps not 
with quite the degree of confidence as 
we have in astronomical calculations, but 
with a very high degree of confidence 
indeed. 


STRUCTURAL DAMAGE BY 
INELASTIC ACTION 


Probably the type of structural dam- 
age most feared by designers and 
builders of metal structures is failure of 
the elastic strength of the material with 
consequent permanent distortion. Ap- 
preciable permanent distortion _ itself 
usually constitutes structural damage. 
Sagging rafters and beams certainly 
damage the appearance and sales value 
of a house, unless it is so old that even 
its defects take on a romantic beauty 
usually more appreciated by artists than 
by the dwellers in the building. We 
have records of this sort of structural 
damage to at least one ancient building, 
and several cathedrals have struts “jack- 
ing up” sagging arches. 

The secondary effects of failure of 
elastic strength are frequently more 
serious than the primary. Sagging floor 
beams mean cracked and falling plaster 
from the ceiling below. Still more 
serious is the effect of failure of elastic 
strength of the metal in steel columns of 
medium length. Very long columns 
first buckle by elastic deformation and, 
by limiting their lateral bending, it is 
possible to load a long, thin column to 
its ultimate load without injuring the 
material in it. Buckling under com- 
pression depends on lateral stiffness. 
Now if any considerable volume of the 
steel in a medium-length column is com- 
pressed beyond its elastic strength its 
stiffness is greatly reduced, the stiffness 
of the column as a whole is appreciably 
reduced, and there is danger of lateral 
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buckling of the column followed by 
disastrous collapse. 

Structural damage by inelastic action 
may also consist of a redistribution of 
stress. In the flexure test described 
such redistribution was on the whole 
beneficial, but in a complex structure 
redistribution may be injurious. For 
example, in a welded or riveted truss 
failure of elastic strength in a strut may 


of the mechanism of failure of elastic 
strength. First of all he showed us that 
metal was not homogeneous, but rather 
was an aggregate of crystalline grains; 
then later he showed how, when the 
elastic strength of any grain fails there 
appear “slip lines” (or “slip bands’’)— 
across the grain as shown in Fig. 2. At 
first these slip lines are seen in a few. 
scattered grains, then as stress increases 


L Fic. 2.—Slip Lines in Ingot Iron (x 390). 
> Micrograph by Tibor Ver. 


iuse serious flexural stresses in joints or 

members not designed for flexure. 

Of course in machine tool parts and 

cate measuring instruments even a 

small permanent distortion may 
stitute serious damage. 

When the metallurgist poked his in- 
lusitive microscope into the field of the 
“aterials of construction one of the 
things he did was to give us a new picture 


they multiply until whole areas in the 
field of the microscope are black with 
them. 

Later the X-ray spectrograph has 
given us a picture of these slip lines as 
traces of definite atomic planes within 
the crystalline grain.* The point I wish 


? For an excellent discussion of the mechanism of slip 
within crystalline grains see the 1933 Marburg Lecture by 
H. J. Gough, “‘Crystalline Structure in Relation to Failure 
of Metals—Especially by Fatigue,”’ Proceedings, Am. Soc. : 

_ Testing Mats., Vol. 33, Part II, p. 3 (1933). 
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to make is that the metallurgical micro- 
scope and the X-ray diffraction pattern 
have given us a picture of the failure of 
elastic strength of a piece of metal as the 
aggregate of a large number of localized 
failures of individual crystalline grains 
along planes of atomic weakness, and 
have shown that the failure is essentially 
a shearing failure. 

The failure of elastic strength of a 
single crystalline grain in a structural or 
machine part rarely is to be regarded as 
structural damage to the part as a whole. 
Just how many grains must fail and how 
close together they must be to cause ap- 
preciable damage is a matter for empiri- 
cal judgment based on experience. In 
some of the A.S.T.M. Standards the 
limiting distortion which shall be re- 
garded as causing structural damage is 
set at some definite permanent set, 
a permanent set of 0.2 per cent of any 
given gage length is sometimes specified. 

In setting an arbitrary limit of per- 
manent set to locate the beginning of 
structural damage by failure of elastic 
strength we are recognizing the fact that 
slip within grains must be widespread 
throughout a structural or machine part 
before damage is done. We are again 
assuming that our non-homogeneous 
material may be considered as “‘statis- 
tically” homogeneous. This has proven 
satisfactory in considering failure of 
elastic strength, although this “statis- 
tical” reasoning does not seem quite so 
reliable as it does when used in con- 
sidering elastic deformations. 

In discussing failure of the elastic 
strength of materials I have confined my 
remarks to the behavior of metals. 
Relatively little microscopic study has 
been made on non-crystalline materials 
and of non-metals in general: glass, 
stone, burnt clay products, concrete, the 
plastics (including rubber), rope fibers, 
to mention a few cases. Some work has 
been done on timber, but the study of 
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the mechanism of failure of elastic 
strength of non-metals seems to me a 
most promising field of research. 


STRUCTURAL DAMAGE BY 
FRACTURE 


Perhaps the most dramatic type of 
structural damage is fracture. Damage 
by fracture has been recognized ever 
since men felled trees across streams or 
used vegetable fibers to carry tensile 
stress. We will leave to the anthro- 
pologists the question whether there was 
a Simian Society for Testing Materials, 
with a Committee Q-1 on Vegetable 
Fibers. 

It seems convenient to consider frac- 
ture under three headings: (1) fracture 
under short-time steady load, (2) frac- 
ture under long-time steady load, and 
(3) fracture under repeated stress. 

For specimens of ductile materials, 
tested in the laboratory, fracture under 
steady load usually occurs after much 
inelastic action, marked by elongation 
and “necking down” of cross-section. 
This is rarely the case in the fracture of 
structural or machine members in ser- 
vice. These service fractures, even 
under steady load, usually occur at some 
discontinuity in the part—a hole, a 
keyway, a screw. thread—and__ the 
amount of permanent stretch is much 
less than that found in tests of carefully 
shaped specimens. For brittle mate- 
rials fracture occurs with very little 
distortion, and the effect of sudden 
changes of section are very marked in- 
deed. For ductile materials under 
steady load, holes, keyways, screw 
threads, etc, while they reduce the 
ductility of a structural or machine part, 
reduce the strength very little, if any; in 
fact they sometimes increase tensile 
strength due to the restriction of lateral 
contraction. However, for parts made 
of brittle material the effect of dis 
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continuities in cross-section is to reduce 
the tensile strength markedly. 

It is natural to think of fractures 
occurring in the manner described by 
Oliver Wendell Holmes in his poem on 
the choice of materials for and the service 
record of the “‘wonderful one-hoss shay,” 
whose failure occurred 


“all at once and nothing first, 
Just as bubbles do as they burst.” 


But the high-speed motion picture 
camera shows that neither bubbles nor 
pieces of wood or metal fracture “all at 
once.” They fracture progressively, but 
s rapidly that the eye can rarely follow 
the progress of the spreading crack. 

The beginning of fracture is a highly 
localized phenomenon. Just when and 
how a destructive crack starts is as yet 
an unsettled question. The changes of 
pattern given by an X-ray spectrograph 
as stress increases, or is repeated, seem 
to picture the breaking up of crystalline 
grains of metal into “crystallites” —units 
larger than a space lattice cell, but 
smaller than a crystalline grain. Some- 
where in this region between the atomic 
sie range and the microscopic size range, 
fracture, of metals at least, seems to 
start. When a crack can be distin- 
guished under a magnification of, say, 
1) times it is fairly certain that a 
lestructive spreading fracture is well 
on its way. 

Fracture by a spreading crack under 
repeated load has come to have the mis- 
leading name “fatigue.” An outstand- 
ng characteristic of a “fatigue” crack is 

it it develops with very little distor- 
ion of the part as a whole. It seems as 
ithe ductility of the material had been 
estroyed. However test specimens cut 
‘rom material as near the crack as pos- 
sible show no loss of elongation or re- 
luction of area. It was noted that 
under steady load applied for a short 
me tensile strength of ductile metal 
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was not much reduced by holes, notches, 
screw threads and the like. However, 
under repeated stress all this is changed 
and any discontinuity, even a slight 
roughness of surface may serve as a 
nucleus for a crack, and, once started, 
the crack itself is a location of very 
severe intensification of stress, and thus 
a crack tends to be self propagating 
under repeated stress, especially under 
reversed stress. For some metals this 
tendency is partly offset by the strength- 
ening of the metal at the root of the 
crack by plastic action (cold work), but 
this strengthening is accompanied by 
diminution of ductility and a lessening 
of the capacity of the metal to cut down 
the peak of further localized stress with- 
out cracking. 

This conflict of beneficial and_ in- 
jurious factors under repeated stress 
gives an almost theological aspect to the 
phenomena of repeated stress—one re- 
members the legends of a good angel 
fighting with the devil for the soul of a 
poor sinner. Perhaps the analogy of 
bacterial infection is less dangerous to 
use. Repeated stresses, intensified at 
many minute locations in a structural or 
machine part, keep trying to crack the 
material, just as the thousands of disease 
germs in our bodies keep trying to break 
down our resistance. Under attack the 
body automatically calls its reserve re- 
sisting powers into action, and the metal 
“stiffens up” through cold work. But, 
alas, the body’s resisting powers are not 
inexhaustible, and the stiffening up by 
cold work uses up the ductility of the 
metal in the immediate vicinity of the 
crack. Under normal conditions the 
body preserves the balance of health, 
keeping the bacterial hosts in check, and 
the material stops the incipient crack 
without exhausting ductility in its 
vicinity. Under increase of bacterial 
attack or decrease of bodily resistance 
the bacterial host may conquer, so under 
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increase of magnitude or number of re- 
peated stresses the material may suc- 
cumb. 

The metallographic microscope shows 
fatigue cracks starting along slip lines, 
although only a small percentage of slip 
lines develop into cracks. Progressive 
cracks, once started, soon tend to take a 
direction at right angles to the maximum 
tensile stress in the region affected. 

Repeated stress tests show the local- 
ized nature of fracture far more clearly 
than do tests under steady load. We 
can reason about materials of con- 
struction as though they were homo- 
geneous and draw very reliable con- 
clusions about the behavior of materials 
under elastic strain, we can draw quite 
fairly reliable conclusions about the 
failure of elastic strength of structural 
and machine parts, but when we come 
to fracture under repeated stress we find 
it necessary to modify our usual for- 
mulas, or the constants we use in them. 
Statistical reasoning does well enough 
for distortions involving macroscopic 
volumes of material but it is not so 
reliable for microscopic volumes of 
material, and it is in a microscopic, or, 
perhaps sub-microscopic, volume of ma- 
terial that a spreading crack usually 
starts. Still, we have no better for- 
mulas for use, and the modification of 
our ordinary formulas for stress and 
strain by the use of shape factors, size 
factors, and factors of sensitivity to 
“stress raisers” (holes, notches, and the 
like) seems to be our best course al 
present. 

Among other factors, repeated-stress 
tests have shown that the stress history 
of a material affects its resistance to 
cracking,—and its elastic strength too, 
for that matter. If metal is repeatedly 
understressed, or overstressed for a few 
times, it may be strengthened. If it is 
overstressed until a crack starts—and 
unfortunately we do not know just when 


— 
® 


MARBURG LECTURE 


a crack starts—the resistance to further 
spread of the crack may be diminished, 
sometimes as much as 50 per cent. 

Taking it altogether, the study of re- 
peated stress and its effects on the 
strength of materials has stirred up 
what may be called a medium-sized 
revolution in our thinking about the 
materials of construction. 


STRUCTURAL DAMAGE BY CONTINUING 
DEFORMATION (CREEP) 


A type of structural damage which 
produces distortion much as _ inelastic 
action does, but whose nature is prob- 
ably quite different, is “creep,” which 
may be defined, for this lecture at least, 
as distortion which under steady load 
continues to increase with time. Ex- 
amples of creep are the continued 
bending of a glass rod under a steady 
load, the slow month-by-month ex- 
pansion of lead pipes under internal 
pressure, the slow flow of concrete and 
some natural stones under steady com- 
pression, and, most important of all, 
the slow creep of metals at elevated 
temperatures. 

For each material, at least for the 
metals so far studied, there seems to be 
a more or less well defined temperature 
below which creep is unimportant as 4 
cause of structural damage and above 
which it is important. Under inelastic 
action below this critical temperature, 
cold work stiffens the metal and stops 
distortion; above this critical tempera- 
ture (more or less well defined) the metal 
acts somewhat as if it were a very viscous 
liquid. However, the rate of creep of a 
flange bolt or a lead cable sheathing is 
not, in general, directly proportional to 
stress, as is the case for viscous flow. 
This may be explained by the hypothesis 
that creep, like inelastic distortion below 
the creep temperature, occurs in many 
localized microscopic areas, and that 1 
any such area the flow of metal is that of 
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a viscous liquid. If stress is increased 
the resistance of the metal to creep is 
diminished, and if temperature is in- 
creased the atomic energy tending, to 
cause creep is increased, and not only is 
the creep rate increased at those loca- 
tions where it is already occurring, but 
creep starts at new locations. If this 
be the case, then under constant temper- 
ature the total creep of a bolt or a pipe 
would increase more rapidly than would 
the stress. 


Creep Rate, percent in 10000 hr. 


Fic. 3.—Creep Rate - Stress - Temperature 
Diagram. 
The material was A.S.T.M. grade III lead plus copper. 


Another hypothesis to explain creep 
is that as the temperature is approached 
materials gradually change from solids 
to liquids, and that the structural prob- 
lm of creep is a problem of the action 
t what might be called a quasi-vis- 
cous material. 

Continuing creep in metals or con- 
crete is a direct cause of structural 
lamage. When flange bolts in a steam 
ine begin to creep, leakage soon appears; 
when lead sheathing on electric cables 
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creeps insulation voids are sometimes 
caused inside the sheathing, and insula- 
tion troubles appear; when the concrete in 
a column creeps stress is transferred from 
the concrete to any longitudinal steel 
rods, sometimes to the extent of stressing 
the rods to their yield strength. Tem- 
perature is a factor of major importance 
in creep phenomena. As noted, below 
a more or less well defined temperature 
the creep of a material is negligible, but 
above that temperature the creep rate 
increases very rapidly with temperature. 
This is illustrated in Fig. 3. It may be 
noted that concrete, lead, tin, and zinc 
all show appreciable creep at ordinary 
room temperatures. 

In evaluating the structural damage 
due to distortion caused by creep, the 
material may be regarded as a “‘statis- 
tically” homogeneous body. Creep 
seems to be a localized phenomenon, but 
the locations where it occurs are scat- 
tered throughout the metal of a struc- 
tural or machine part. This reasoning 
does not necessarily apply to fracture 
following creep, which will be discussed 
later. Of course, we cannot use the 
theory of elasticity as we are dealing 
with flow. 

In non-creeping inelastic action of 
metals the distortion 
seems to be a slipping along planes of 
atomic weakness within crystalline 
grains. ‘This slipping is shown by the 
appearance of slip lines. In the case of 
creep this mechanism is shown, but, for 
lead at least, the metallurgical micro- 
scope shows evidence of displacement 
and rotation of crystalline grains as a 
whole. This is shown in Fig. 4. 

Creep, if continued for a sufficient 
time, will lead to fracture by means of a 
spreading crack, somewhat like a fatigue 
crack. Figure 5 shows a typical creep- 
time diagram for a metal. 
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(c) After 96 hr. under a tensile stress of 800 psi. 


Bands During Creep (X 200). 


(6) After 48 hr. under a tensile stress of 800 psi. 


(a) Unstressed. 
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Specimen unetched. 
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Micrograph by B. B. Betty. 


All micrographs taken at same location on specimen. 
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may be divided somewhat arbitrarily 
into three stages. In the first stage 
there is a diminution of creep rate (slope 
of creep-time line). Probably this stage 
is largely taken up in “evening up” 
stress on the specimen, or piece of metal. 
Remember that it is very difficult to 
grip and load even a laboratory tension 
specimen so that there is no appreciable 
variation in the stress across its critical 
section. 

In the second stage the metal “settles 
down” to an approximately constant 
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TESTS FOR DAMAGE BY ELASTIC 
DEFORMATION 


Considering damage by elastic def- 
ormation, the test for resistance of a 
material to such damage is very simple, 
highly reliable, and very rarely used in 
practice: the determination of modulus 
of elasticity of the material— its stiffness 
within the range of its elastic strength. 
The reason why requirements for modu-_ 
lus of elasticity rarely appear in specifica-_ 
tions is that most of those specifications — 
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rate of creep. The third stage probably 
begins when “‘necking down’’ takes place 
at some section of localized weakness. 
Then creep is greatly accelerated and 
von a spreading crack appears. Frac- 
lure under creep, like fracture under re- 
peated stress, is a highly localized 
phenomenon, and localized defects as- 
‘ume a distinctly greater importance 
an when the danger of structural 
lamage arises from non-fracturing dis- 


The material is A.S.T 


Typical Creep-Time Diagram to Fracture. 


.M. grade III lead. 


have been developed in connection with 
steel structural and machine parts and 
the modulus of elasticity of steel of all 
grades is practically the same. How- 
ever, as other metals and non-metals 
are brought into our specifications we 
have to consider their modulus of elas- 
ticity. Really we should speak not of 
their modulus, but of their moduli, for 
the modulus of elasticity in shear (modu- 
lus of rigidity it is sometimes called) may 


tortion. . 7 _ be as important as the modulus of 
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elasticity in tension or compression 
(Young’s modulus). 

The test for modulus of elasticity in 
tension or compression is very simple but 
requires a carefulness in testing tech- 
nique and a sensitivity of strain meas- 
urement very decidedly beyond those 
required for the ordinary tension or 
compression test. Determination of 
modulus of elasticity in tension or com- 
pression requires strain measurement 
along at least two, and preferably three, 
gage lines parallel to the axis of the 
specimen. These two or three strain 
measurements may be averaged mechan- 
ically. Sometimes moduli of elasticity 
are reported from the data of tests in 
which a 2-in. extensometer with a 
sensitivity of 0.0002 in. has been used. 
In my opinion such determinations are 
not reliable, at least not for metals, 
especially if the extensometer is at- 
tached along only one gage line on the 
specimen. The criticism of lack of 
sensitivity does not apply to more sensi- 
tive extensometers, such as the Tucker- 
man, the Martens or the Huggenberger. 

Moduli of elasticity in shear are even 
more readily determined than moduli in 
tension or compression. For a dis- 
cussion of their determination I refer you 
to the 1938 Marburg lecture by the late 
Doctor Sauveur.' 

We have begun to be reasonably care- 
ful that our testing machines are cali- 
brated and kept accurate, but we rarely 
think of calibrating extensometers. In 
determination of yield strength this is 
not so serious, as relative strain measure- 
ments are fairly reliable, but in deter- 
mining moduli of elasticity calibration 
of extensometer is important. The 
A.S.T.M. as yet has no standard method 
for such calibration, but the Bureau of 
Standards and a few laboratories have 
calibration apparatus for strainometers 


‘Albert Sauveur, Torsion Test,’ Proceedings, 
Am. Soc. Testing Mats., Vol. 38, Part II, p. 3 (1938). 
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based on micrometer screws, standard 
gage blocks, or interferometer measure. 
ments as primary standards. 

The reliability of a modulus of elas 
ticity determination as an index of re. 
sistance of a material to elastic deforma- 


tion is very high. Elastic deformation 
of material is a statistical phenomenon, 
and, within the elastic strength, localized 
irregularities of stress distribution do not 
affect the distortion of a structural or 
machine part appreciably. For pre- 
dicting elastic deformation we can use 
the mathematical theory of elasticity 
with a very high degree of confidence 
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Fic. 6.—Stress-Strain Diagrams Showing Set 
and Offset from the ‘“Hooke’s Law” Line, 
also Determination of Proportional Limit and 
Elastic Limit. 


because the property we wish to meas- 
ure is the statistical behavior of 4 
structural or machine part as a whole. 


TESTS FOR DAMAGE BY 
INELASTIC ACTION 


Now, with considerable trepidation, | 
will discuss our tests for determining 
resistance to structural damage by 
failure of elastic strength of materials. 
First let me read our A.S.T.M. defini- 
tions of elastic and proportional limits: 


Elastic Limit.—The greatest stress which a 
material is capable of developing without 
a permanent deformation remaining upo 
complete release of the stress. 
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Proportional Limit.—The greatest stress 
which a material is capable of developing 
without a deviation from the law of 
proportionality of stress to strain 
(Hooke’s law). 


We commonly regard these two limits 
as identical. That is we assume that at 
that stress where Hooke’s law fails 
permanent set begins. This is equiva- 
lent to assuming that in Fig. 6 (a) 
BC is coincident with or parallel to OA 
for any point on a stress-strain diagram. 
There is no logical reason why this 
should be true, and as a matter of fact 
for most materials of construction it is 
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and let me remind you that the ap- 
paratus will consist of a testing machine, 
some kind of strain measuring apparatus, 
a piece of cross-section paper, a pencil, 
a draftsman’s triangle and a curved 
ruler, each of which has a limiting sensi- 
tivity. If in place of the cross-section 
paper and the drafting tools there is the 
stress-strain line drawn by an auto- 
graphic attachment to the testing ma- 
chine then the autographic apparatus has | 
a limiting sensitivity. 

Figure 6(b) shows stress-strain 
diagram in which both strain under 
stress and set after release of stress have 


5 000 


000 


Q000 


8000 
6000 


4000 


0.35 per 
2000 


cent Carbon Steel, 850 F. 


Proportional Limit , psi. 


1000 


y approximately true, as shown by 

e solid line in Fig. 6(a). For rubber 
this parallelism is not even approxi- 
mately true. However for most mate- 
rials of construction this assumption can 
ve made without serious error. 

Let us look at our definitions again. 
They would demand that any deter- 
nination of elastic limit or proportional 
limit be made with apparatus of infinite 
‘ensitivity. The actual determination 
vith any instruments now available or 
maginable would be the point of first 
yermanent set or of deviation from 
fooke’s law not greater than the limit- 
g sensitivity of the apparatus used, 


Sensitivity of Extensometer, percentage of gage length 


~Dependence of Value of Limit of Proportionality on Sensitivity 
Apparatus. 
From data reported by J. B. Romer. 


of Strain 


are Curves 


Both 
which, considered from the upper end, 
increase in radius of curvature as stress 
decreases and merge with what seem to 
be straight lines within the net sensi- 


been plotted. lines 


tivity of the apparatus used. Then just 
above L we can measure a very slight 
deviation from Hooke’s law. We then 
virtually extrapolate to determine the 
tangency point of the stress-strain line 
and the straight line. Really all we can 
say is that the proportional limit is 
somewhere between L and O. There is 
a natural feeling that it is safer to extrap- 
olate from a small quantity toward 
zero than it is to extrapolate from a finite 
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quantity toward infinity, but really one 
process is just as susceptible to error as 
the other. This is illustrated by Fig. 7 
which shows a logarithmic diagram 
plotted by J. B. Romer of the Babcock 
& Wilcox Laboratories which shows the 
diminution of the “absolute” proportional 
limit as the minimum detectable strain 
reading approaches zero. On a loga- 
rithmic scale detectable indication of 
extensometer for any strain above zero 
by any amount however small would be 
plotted at an infinite distance to the 
left, and the possibility of the curve to 
the left of the diagram turning either 
upward or downward is evident. 

All this tedious discussion is to empha- 
size the point that the search for an 
“absolute” elastic or proportional limit 
seems quite hopeless, and if we report a 
value for such a limit from data of tests 
with instruments of finite sensitivity we 
are merely determining an arbitrary 
limit for which the deviation from elastic 
action is not greater than a small but 
unknown amount. The “true” elastic 
limit is apparently undeterminable, and, 
could it be determined, would probably 
be of slight significance. 

In view of the empirical nature of 
the elastic and proportional limits as 
determined by laboratory tests, the 
A.S.T.M. Committee on Methods of 
Testing has recommended that a definite 
limiting deviation of strain from that 
given for a material by Hooke’s law be 
taken as the determining factor of re- 
sistance to structural damage by inelas- 
‘tic action. Such a limiting deviation is 
a reliable, although approximate, meas- 
ure of permanent set. This limiting 

_ deviation, or “offset”’ will be different 
for different materials and for different 
__ uses of the same material. The use of 
this “‘offset” to determine elastic 
_ strength is shown in Fig. 6 (a). The 
name “yield strength” was recommended 
for this value, and the “yield point” 
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of some of the steels was recognized a; 
a special case of yield strength. 

The numerical value of the “offset 
which will serve as the threshold valy 
for structural damage must be decide 
by the different committees for differ. 
ent materials; it cannot be decided by 
the Committee on Methods of Testing 
To illustrate this point, in one of th 
many debates on elastic strength whic! 
have enlivened A.S.T.M. meetings for 
the past 30 years it was brought out that 
the U. S. Navy in testing metal to serv 
as parts of the measuring apparatus oj 
gun sights would set the value of “off- 
set” at 0.05 per cent strain, or even 


>) 
= 
Strain Strain 
(a) (b) 
Fic. 8.—Stress-Strain Diagram Showing Upper 


and Lower Yield Point and Stress-Strain Dia- 
gram for Material with No Yield Point. 


lower. The users of structural alumi- 
num, on the other hand have set the 
limit at 0.2 per cent. 

A word or two about our old friend 
the yield point. This is defined in the 
A.S.T.M. Standards thus: 


Yield Point._-The stress in a material at 
which there occurs a marked increase 10 
strain without an increase in stress. 


Figure 8 (a) shows a typical stress-strain 
diagram for a material which has 4 
yield point. If the yield point is deter- 
mined by the “drop of the beam” its 
value is Vy; using an “offset” to deter- 
mine yield strength the value Vz would 
be found, a somewhat lower value. 
Abroad these two values are spoken 0! 
as the “upper” and “lower” yield points, 
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respectively. As is noted in this year’s 
report of the section on effect of speed 


set of testing,® the upper yield point seems 
‘alue | to be more affected by speed of testing 
‘ided @ than does the lower. With a testing 
iffer. machine with self-indicating weighing 
1 by mechanism both upper and lower yield 
ting pints can readily be determined; with 
 abeam balance machine this is difficult 
thich @ although not impossible. The ease with 
s for § which value of yield point can be affected 
that by means of manipulation of the beam- 
serve | balance testing machine is a matter 
us of § of common knowledge. Many of us 
“off. § remember the experience related at an 
even § AS.T.M. regional meeting by a navy 


inspector, who was asked by an untact- 
jul operator of a testing machine, “‘How 
0 you like your yield point, high or 
yw?” 

Many testing laboratories receive re- 
sometimes demands—for the 
letermination of the yield point of a 
metal which has no yield point. Only a 


lests 


in—» § «atively few metals have a yield point; 
)) st metals have stresss-strain diagrams 
Upper | the type shown in Fig. 8 (6). The 
Dia- lemand that a value shall be given for 
va i non-existent property is another re- 
i inder that our whole art of testing 
» the terials has developed around the use 
i structural steel as a building material. 
_ ‘tructural steel has a yield point, but 
ligh-strength steel, cold-drawn steel, and 
‘lainless steels, in general, do not. As 
the non-ferrous metals, possibly one 
ial at 'two of them have a yield point, but 
ase In is not so clearly marked as that for 
‘ructural steel, and as for the non- 
strain étals 1 do not know of any which has 
nas a yield point. 
deter- It is to be hoped that testing labora- 
n” its ries will develop the practice of re- 
deter- sing to report a yield point for any 
would ictal which does not show a clearly 
value. 
en - Report of Committee E-1 on Methods of Testing, 
yoints, non Effect of Speed of Testing, see p. 520. 
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and by the use of the “offset”? method 
for determining yield strength we can 
obtain test data which will furnish a 
reliable basis for design against this 
particular type of structural damage. 


TESTS FOR RESISTANCE TO CREEP 


So far the only tests for resistance to 
creep which seem at all reliable are 
those involving direct measurement of | 
creep over a time of at least 1000 hr. 
Loading 
are very 


mechanisms for creep tests 
simple; usually dead weights 

or single lever devices are used. How- 
ever the strain-measuring apparatus 
must be very sensitive and the tempera- 
ture control very close. Creep testing 

is distinctly in the research stage, and 

the acceptance test stage is not yet in _ 
sight. 
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marked drop of the beam or a definite 
drop, or horizontal line in its stress- 
strain diagram. For such metals I sug- 
gest that yield strengths for 0.05, 0.1 
or 0.2 per cent “offset” (perhaps all 
three) be reported. 

I believe that we must give up the 
idea of a definite elastic limit which indi- 
cates the precise beginning of inelastic 
action and consequent structural dam- 
age. However, I believe that by the 
estimation of the amount of inelastic 
deformation which will cause appre- 
ciable structural damage in any material 


Two criteria for resistance to creep 
have been suggested: creep rate and total 
creep after a given time. As shown in 
Fig. 5, a creep test to fracture may be 
divided into three stages. During the 
“second stage the rate of creep is approxi- 
mately constant, and it is this rate which 
is chosen as an inverse index of resist- 
ance to creep. The total creep is de- 
termined directly from a_ creep-time 
diagram. 

During the first stage the amount of 
creep seems to depend largely on the 
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process of evening up stress in the ma- 
terial and in straightening out kinks and 


bends. This would make it seem prob- 
able that creep rate would serve well as 
an inverse index of the creep resistance 
of the material itself, while total creep, 
using, if possible, full-size specimens of 
sheathing, pipe, bolts, etc., would serve 
as an inverse index of the creep resistance 
of finished parts. 

Short-time creep tests have proven 
unreliable as a basis for predicting re- 
sistance to long-time creep. It seems 
to me that this is because in a short- 
time test the first stage of creep is not 
passed, in which much of the distortion 
is due to strain adjustments in the speci- 
men or the part. In the Talbot Labora- 
tory at the University of Illinois a piece 
of calcium-lead alloy sheath under 
steady internal pressure showed more 
creep for the first 50 hr. than did a simi- 
lar piece of sheath made of ordinary 
commercial lead. However the creep 
rate after about 2000 hr. was much less 
for the calcium-lead alloy sheath than 
for the one made of ordinary commercial 
lead. 

No evidence of any definite “creep 
limit,”” below which no creep occurs, 
has been found. The situation seems 
somewhat similar to that for elastic 
strength. An estimate of the amount 
of creep which will cause appreciable 
structural damage must be made, and 
then from tests the combination of 
stress and temperature which will cause 
creep below this value may be deter- 
mined. 

Much work remains tobe done in the 
study of creep before standards for the 
creep resistance of materials can be 
written. ‘This is especially true for non- 
metals. Creep tests of concrete are on 
record. It has been noted that- wood 
shows some signs of creep. The pro- 
gram of the Society’s Committee on 
Plastics includes discussion of creep. 
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Here is another wide-open field for in- 
vestigation. 

Tests for fracture after creep will be 
considered in connection with other 
fracture tests. 


TESTS FOR RESISTANCE TO FRACTURE 
UNDER Static Loap 

The test to fracture is the oldest, the 
simplest, and the most definite in its 
results of all our mechanical tests. 
Tests for elastic strength and for creep 
are judged by empirical indices of struc- 
tural damage; there is no doubt when 
fracture occurs. However, the signifi- 
cance of fracture tests is not altogether 
a simple matter to determine. For 
brittle materials, for textiles and rope, 
and for such parts as bolts, eyebars and 
tie rods, fracture tests of material have 
a direct significance. For ductile 
metals, fracture tests give a crude basis 
for estimating probable elastic strength 
and strength under repeated loading. 

In connection with fracture tests, 
elongation before fracture and reduction 
of area at fracture are usually deter- 
mined for ductile materials. These 
indices of ductility are, in my opinion, 
significant of the ability of the material 
to withstand a few severe overloads 
without shattering failure. Taken in 
connection with the tensile strength 
they are significant of the energy which 
can be absorbed without fracture under 
a single load slowly applied or under a 
not too rapid “impact.” 

For brittle materials, flexure tests are 
simpler to carry out than are tension 
tests. Less machining of specimens is 
necessary, and it seems easier to approach 
the theoretical stress-distribution than 
is the case for a tension specimen. It 
is no easy task to get a tension specimen 
effectively centered and gripped. It is 
especially difficult in the case of speci 
mens of brittle material. However flex- 
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yre tests do not yield the same stress 
yalues for fracture as do tension tests. 
Some action similar to that described 
in telling about the tests of three steel 
bars in flexure is effective in flexure tests 
to fracture. This means standard size 
and shape for specimens so that com- 
parative results may be obtained. 
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along a 45-deg. diagonal is equal in 
magnitude to the shearing stress on a 
transverse or a longitudinal section. 
Torsion specimens, even hollow ones, 
are no more expensive to machine than 
thread-ended tension specimens, and a 
number of tests of the hollow torsion | 
specimens and tension specimens of _ 
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Cycles of Reversed Flexure for Fracture , log scale. 
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Typical S-N (Stress-Cycle) Diagrams for Determining Endurance Limit (Fatigue | 


Strength) of Metals Under Repeated Stress. 


For determining the tensile strength 
of brittle materials I call attention to 
the test discussed in last year’s Marburg 
lecture,—the torsion test,’ especially a 
torsion test using thin-walled hollow 
specimens. For brittle materials, tensile 
strength is nearly always, if not always, 
ss than the shearing strength, and in 
4 torsion specimen the tensile stress 


cast iron of various grades have given 
results for tensile strength which agree 
closely. In this connection it is my 
opinion that for brittle materials a com- 
pression test resulting in a diagonal frac- 
ture gives the best index of shearing 
strength. In such a specimen the shear- 
ing stress is approximately one-half the 
compressive stress. 
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TESTS FOR RESISTANCE TO FRACTURE 
UNDER REPEATED STRESS 

Tests of resistance to fracture under 
repeated stress are also in the research 
stage. Tests of specimens carefully 
machined and polished give what seems 
to be a reliable index of the maximum 
possible resistance of a metal to repeated 
stress, but the resistance of a machine 
or structural part to repeated stress is 
markedly affected by shape of part, 
“stress raisers’’ such as notches, holes, 
and screw threads, surface condition, 
internal cracks, grain structure, size of 
piece, and stress history. Probably 
other factors, especially corrosion, might 
be listed, but let these suffice for this 
paper. For tests of elastic strength and 
fracture under static load, these factors 
usually play a minor part, but under 
repeated stress they become major 
factors, and our knowledge of their 
quantitative effects is far too meager 
to make it feasible to do much specifi- 
cation writing at present. Here the 
results of non-homogeneity of our ma- 
terials are most evident. A minute de- 
fect may serve as a nucleus to starla 
spreading crack, and once such a crack 
is well started the initial resistance to 
repeated stress may be diminished by 
as much as 50 per cent. 

I shall not enter into any description 
of fatigue testing machines. To deter- 
mine the endurance limit—the stress 
below which fracture will not occur after 
an indefinitely large number of repeti- 
tions of stress (or sometimes the stress 
below which fracture will not occur after 
a given number of repetitions)—it is 
necessary to test a number of specimens, 
usually six or more, at various stresses, 
then to plot a diagram in which stress 
is plotted as ordinates and numbers of 
cycles of stress required for fracture as 
abscissas (abscissas are usually plotted 
to a logarithmic scale). Figure 9 shows 
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typical diagrams, called S — N or stress. 
cycle diagrams. The stress at which the 
diagram becomes horizontal is the en. 
durance limit. 

As the fatigue of metals has been my 
principal line of study for a good many 
years I find some difficulty in resisting 
the temptation to write a dozen pages 
discussing the effect of those factors 
which are minor in static testing and 
major in repeated stress testing. I will 
confine myself to two; size effect and 
stress history. 

Large fatigue specimens seem to 
develop lower endurance limits than 
smaller specimens of the same material. 
Some metals show this size effect to a 
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Specimen A Specimen B 
Fic. 10.—Different Stress-Gradients for Speci- 
mens of Different Size with Same 
Maximum Stress. 


marked degree, others scarcely at 

Figure 10 is a diagram of two specimens 
of different size under flexure with the 
same stress in the extreme fibers of each 
specimen. Evidently the stress gradi- 
ent across specimen B is steeper than 
the gradient across specimen A. Now 
recall the flexure test of the three steel 
bars which was described at the begin- 
ning of the lecture. A_ sharp stress 
gradient means that the most stressed 
outer fibers have lower stressed fibers 
near them, and that only a little ductil- 
ity is necessary for them to get some 
stress relief. In a specimen with 4 
gentle stress gradient the extreme fibers 
have to send farther for the same amount 
of stress relief. Now the stress gradient 
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will, in general, be steeper for a small 
gecimen than for a large one. Some 
jay someone will test this idea out by 
studying size effect on tension-compres- 
jon specimens under repeated stress, 
ut, perhaps, by studying hollow speci- 
mens of different sizes in repeated flex- 
we or in torsion. Possibly grain size 
jas something to do with size effect, 
but here we shall have to wait until our 
metallurgist friends tell us more about 
what kind of grain size is the one which 
aflects mechanical strength most. 

Ductility as determined by static 
tension tests seems to have little effect 
on endurance limit; even cast iron has 
ductility enough to exhibit considerable 
stress readjustment before fatigue frac- 
ture. 

The effect of stress history on fatigue 
strength seems to me to depend largely 
om that “Dr. Jekyll and Mr. Hyde” 
diect of cold work, which I discussed 
previously. Cold work strengthens and 
also reduces the capacity for further 
strengthening without cracking. A few 
cycles of a very high stress, stress al- 
most up to the static ultimate strength 
of the metal, may increase its initial 
endurance limit, while a large number of 
such stresses may reduce it. Many 
thousands or millions of cycles of stress 
below the endurance limit increase the 
endurance limit. Quite a number of 
cycles of overstress followed by many 
cycles of understress may shove the en- 
durance limit either up or down, de- 
pending—well, depending on various 
things. See the work of French,® or 
Brophy’? and of Kommers* for further 
details, 


.. ‘Herbert J. French, ‘Fatigue and the Hardening of 
steels,” Transactions, Am. Soc. Steel Treating, Vol. XXI 
N. 10, October, 1933, p. 899. 

R. Brophy and E. R. Parker, ‘Damping Capacity 
Its Variation and Relation to Other Physical Prop- 
tries,” Transactions, Am. Soc. Metals, Vol. XXIV, No. 4, 
ecember, 1936, p. 919. 

,_J. B. Kommers, “The Effect of Overstressing and 
yiittstressing in Fatigue,’’ Proceedings, Am. Soc. Testing 
ats., Vol. 38, Part II, p. 249 (1938). 
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The present trend in fatigue testing is 
toward more testing of full-size parts 
and a recognition of the tremendously 
complex situation which arises when 
repeated stress is applied to a piece of 
metal which is not homogeneous, 
which has external and perhaps internal 
“stress raisers,” and which has been sub- 
jected to an imperfectly known history 
of overstressing and understressing. 

One thing can be rather definitely 
said. Do not put any confidence in 
short-time fatigue tests—not even on 
the two or three I have written hopefully 
about. Perhaps there may be a reliable 
short-time fatigue test, but it has not 
been discovered yet, at least I have not 
heard of any such. 


TESTS FOR RESISTANCE TO FRACTURE 
UNDER CREEP 


Fracture may occur after creep under 
a steady load, and when it does so it 
appears as a spreading crack, spreading 
more slowly than does a fatigue crack. 
Here, in an even greater degree than is 
the case for fatigue, testing is in the 
research stage. Long-time tests seem 
the only reliable tests, and the time 
required is more than it is for fatigue. 
Resistance to fatigue fracture is depend- 
ent on the number of cycles of stress 
rather than the frequency, but resistance 
to fracture under creep seems dependent 
on time. You can “speed up” your 
fatigue testing machine, but you cannot 
speed up time. The results of a few 
creep tests to fracture indicate that 


either of two relations may be reliable: _ 


S=S'—klogt or S = S'/# 
where 

S = the tensile strength for any © | 
time 

S’ = the tensile strength for 1 _ 
hr., and 

q and k = experimentally determined 
constants. 
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_ Fatigue tests under elevated tempera- 
tures bring in both the effect of repeated 
stress and the effect of creep. As the 
temperature increases, the importance 
of the repeated stress effect diminishes 
and that of creep increases until for 
structural steel at about 1000 F. repeated 
stress ceases to be the governing factor 
and creep takes its place. 

As previously acknowledged I have 
spoken of only four kinds of structural 
damage and of a few tests for resistance 
to them. I make my apologies to the 
students of corrosion-fatigue, impact, 
wear, and any others whom I have neg- 
lected. Again I make my apologies 
to the students of non-metals and urge 
especially that studies of structural 
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damage be pushed in those fields, 
pecially in the field of plastics. 

The days of Galileo and his simple as. 
sumptions of absolute rigidity, unifor 
stress, and fracture as the only criteri 
of structural damage seem delightful) 
simple, and we sometimes envy hit 
his ability to develop a satisfactor 
analysis for the needs of his day without 
having to worry about elastic strengt! 
fatigue of metals, creep, wear, or cor 
rosion. However, we have one consola 
tion: there is no present indication tha 
the knowledge of materials will becon 
so complete that we will lose our jobs 
for want of work to do, nor that the 
A.S.T.M. will pass out of existence f 
the same reason. 
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A WORK-BRITTLENESS TEST FOR STEEL 
By H. W. Granam! anp H. K. Work! 


SYNOPSIS 


Various tests may be used to measure the effect of cold work on the hard- 
ness and brittleness of steel, but most of them are slow and laborious to 
use. A simple test is described in this paper for measuring the changes in © 


these pgoperties, particularly the embrittlement on cold working. It con- 


sists essentially of drawing a tapered specimen through a die, notching it 
at points representing various increments of cold work, and breaking it in 
an Izod impact machine. The resultant work-embrittlement curve is char- 


acteristic of a given heat of steel. Experience over a period of years has © 
shown that the test furnishes useful information as to the probable beha- 
vior of the steel during fabrication and service. 


The work-brittleness test described in 
this paper was developed in the course 
of a broad study started several years 
ago and designed to explain unusual, and 
at that time “inexplicable,” steel failures. 
The test has been extremely valuable in 
showing the reason for such failures, but 
ithas done more than that: it has led 
toa better understanding of variations 
irom steel to steel encountered in fabri- 
cation and service, which are not ex- 
plained by ordinary chemical analysis 
nor predicted by simple physical tests. 
From this work there has been de- 
veloped the concept of sensitivity which 
isconsidered an important characteristic 
ofasteel. In its simple form, sensitivity 
may be described as the response of the 
metal to cold work. In its broader 
aspects, however, it is considered indica- 
tive of the behavior of steel in many of 
the common processing and fabricating 
operations. 

The development of the work-brittle- 


General Metallurgist, and Manager of Research and 
‘velopment, respectively, Jones & Laughlin Steel Corp., 
tican Iron and Steel Works, Pittsburgh, Pa. 


ness test has been affected to a large 
degree by the circumstances surrounding 
the type of steel failure already men- 
tioned. Many of these failures involved 
materia] that had been cold worked, and 
generally the failure occurred as a result 
of impact. Consequently, it was more 
or less natural that the test developed 
in these investigations should involve the 
impact testing of cold-worked material. 


Effect of Cold Work on Physical Proper- 


lies of Steel: 


It is well known that cold work 
changes the physical properties of steel, 
particularly its hardness and brittleness. 
A piece of steel which has been cold 
worked by any mechanical means is 
found to be harder than in its original 
state where hardness is measured by the 
conventional Brinell or Rockwell test, 
and, speaking generally, more brittle, 
where brittleness is measured by the 
conventional Izod or Charpy test. The 
term “cold work” as used in this paper 
signifies deformation beyond the propor- 
tional limit at temperatures below that 
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of recrystallization for the 
steel in question. 

The embrittling effect of cold work on 
steel has been the subject of numerous 
investigators, here and abroad, among 
whom Kuhle,? Bolsover,* and Epstein‘ 
may be specially mentioned as having 
contributed careful study to the problem. 
These and other investigators, however, 
have employed conventional forms of im- 
pact tests to evaluate the property of 
brittleness. The standard Izod or 
Charpy is quite convenient for an oc- 
casional test, but, in a study requiring a 
large number of impact strength de- 
terminations on steels cold worked in 
progressively increasing amounts, the 


particular 


TABLE I 


Chemical Analysis, per cent Static Properties 
Dyna 
‘ | Property, 
Ae 
Carbon | nese | phorus | Sulfur Seen, oo 2in., per| Area, ft-lb 
| | | cent per cent) 
Oe 0.22 | 0.35 | 0.016 | 0.031 | Unstressed 62260 | 42040 | 36.5 | 65.6 
| Cold worked 2.2 64 750 49 250 36.0 64.1 
per cent | 
ere 0.20 0.34 | 0.015 | 0.035 | Unstressed 62 200 40 440 37.5 65.6 i) 
Cold worked 2.2 63 540 48 520 34.5 65.5 | 67 
| | | per cent | | | 
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-EFFECT OF COLD WORK ON PROPERTIES OF TWO STEELS. 


same test. It is the purpose of thi 
paper to describe this test rather fully, 
giving briefly the history of its develop. 
ment, its range of measurement, an¢ 
some applications—as its use over ; 
period of about ten years in the stee| 
company, where it was developed, has 
proved its value for a number of ap. 
plications. 


Sensitivity of Steel: 


Graham’ pointed out the observed fact 
that two steels considered to be oj 
identical chemical composition and pos 
sessing substantially identical stati 
physical properties might exhibit widel 
different reactions to cold work, 
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preparation of individual specimens be- 
comes a very tedious and expensive job. 
Graham® discussed the property of 
strain-sensitivity of steel and referred 
briefly to a special form of test developed 
to determine rapidly the effect of pro- 
gressively increasing amounts of cold 
work on the brittleness of a specimen of 
steel. Case® also has referred to the 


2 A. Kuhle, “The Effect of Aging and of Blue Brittle- 
ness on the Toughness of Low Carbon Steel,’’ Mitteilungen 
aus dem Forschungs, Instit der Vereinigte Stahlwerke, 
Aktiengesellschaft, Dortmund, Band 1, Lieferung 4 (1929). 
3G.R. Bolsover, “Brittleness in Mild Steel,’’ Journal, 
Iron and Steel Inst. (British), Vol. 119, p. 473 (1929). 

4 Samuel Epstein, “Embrittlement of Hot-Galvanized 
Structural Steel,” Proceedings, Am. Soc. Testing Mats., 
Vol. 32, Part II, p. 293 (1932). 

6H. W. Graham, “A Modern Conception of Steel 
Quality,” Yearbook, Am. Iron and Steel Inst., Vol. 22, p. 
59 
L. Case, ‘‘Work Sensitivity: Embrittlement by 
Cold Swot, ” Metal Progress, Vol. 32, November, 1937, 
p. 669. 


measured by change in impact strength 
shown in Table I. This intensity or de- 
gree of reaction to cold work of a par- 
ticular steel was denominated by him 
“strain-sensitivity,” sometimes called 
“work-sensitivity” or merely “sensitiv- 
ity.” A steel greatly embrittled by the 
application of cold work is considered a 
sensitive steel; one only slightly embrit- 
tled by the same amount of cold work is 
considered insensitive. To measure the 
sensitivity characteristics of a given 
steel, the simplest method is perhaps to 
determine a series of Izod values of the 
steel cold worked in progressively 10- 
creasing amounts, and then plot these 
Izod values numerically or as percent: 
ages of the unstressed value against the 
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degree of cold work expressed in per cent. 
Such curves as are given in Fig. 1 show 
graphically the rate and degree of em- 
brittlement by cold work, but are 
tedious to determine if an individual 
test specimen is made up, cold worked, 
and broken for each point. 


Development of Work-Brittleness Test: 
The first series of test specimens made 
for the purpose of determining the sensi- 
tivity characteristics of steels were pre- 
pared individually. A number of stand- 


tension test specimen, pulling it in a 
tension testing machine to cold work it 
in progressively increasing amounts from 
the larger to the smaller end, and then 
cutting Izod specimens from the cold- 
worked bar at various points. Conse- 
quently several round specimens 12 in. 
between grips were prepared, 0.750 in. 
in diameter at the large end and having 
tapers of 4, and } in., respectively, 
to the smaller end. These were gage- 
marked every inch and then pulled to 
destruction in a tension testing machine. 
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Fic. 1. 


ard 0.505-in. tension test specimens were 
machined from the steel to be tested and 
pulled in a tension testing machine until 
the elongation between 2-in. gage marks 
was 2 per cent, 4 per cent, etc., to 10 per 
cent, respectively. Then standard 0.450- 
in. Izod test specimens were machined 
from these cold-worked specimens, with 
the notch located midway between the 
gage marks. This method naturally 
consumed considerable time. 

It was suggested that the work of prep- 
aration of test specimens could be re- 
duced by machining one long tapered 


_ 


Relationship of Embrittlement to Cold Work. 


The elongation at the smaller end, where 
breakage occurred, was about 35 per 
cent. The elongation between each pair 
of gage marks was measured, the cold- 
worked specimens were turned down to 
standard 0.450-in. Izod diameter, and 
then notched between each pair of gage 
marks. Each notch corresponded to 
the cold work as measured by the elonga- 
tion between the gage marks on either 
side. This method of preparing tests 
was an improvement over the previous 
system, but was also found to be accom- 
panied by a serious drawback. Regard- 
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less of the taper used and the relative 
dimensions of the test specimen, the rela- 
tive degrees of elongation between suc- 
cessive gage marks were found to vary 
considerably from one steel to another, 
so that cold work could not be predicted, 
but had to be measured individually by 
determining elongation for every test 


impact value was more useful in dis. 
criminating between two steels than the 
hardness. 


Standard W ork-Brittleness Test: 


The method finally adopted as stand- 
ard involved cold working a_ tapered 
round specimen by drawing it through a 
die and then notching at convenient in- 


Tapered 


Work - Brittleness or Strain -Embrittlement 
Test Specimen 
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Inches on Drawn Piece 
Fic. 2.—Work-Brittleness Test Specimen. 


Thus far, only the effect of cold work 
on the impact value of the steel has been 
considered. However, it is obvious that 
the effect of cold work on hardness could 
be similarly measured. As a matter of 
fact it has been generally customary to 
determine the hardness as well as the 
brittleness. After considerable experi- 
ence, however, it was decided that the 


tervals. This method proved very satis- 
factory and has been used for routine 
sensitivity testing. The form of test 
specimen and the progressive amounts 
of cold work imparted to it by cold 
drawing are shown in Fig. 2. The de- 
gree of cold work at any point in the 
specimen is measured by the reduction 
in diameter, and is therefore a function 
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only of the dimensions of the specimen 
and not the nature of the steel. The 
specimen is prepared by turning from 
the steel to be tested a round blank 10 in. 
long which has an additional tongue for 
gripping in cold drawing. The diameter 
of the blank tapers uniformly from 0.475 
in. at the far end to 0.450 in. at the 
tongue end. It is machined to a good 
finish and then drawn through a 0.450- 
in. diameter die, which cold works the 
specimen in amounts increasing gradu- 
ally from zero to a maximum of about 
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sensitive steels. If the first notch is 
located 0.5 in. from the end, the corres- 
ponding degree of cold work is seen from | 
the curve of Fig. 2 to be 0.5 per cent. 
The amount of cold work at each suc- 
ceeding notch is readily determined from 
the location of the notch on the specimen 
and the curve of Fig. 2. The unstressed 
Izod value, the zero value of impact 
strength on the sensitivity curve, is usu- 
ally determined from a separate standard 
Izod test specimen, although the work- 

brittleness test specimen could be ma- 
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Fic. 3.—Effects of Various Types of Cold Work on Sensitivity. 


10.6 per cent (measured as reduction of 
area) at the originally 0.475-in. diameter 
end. In drawing, it is desirable to use 
4 lubricant, such as powdered graphite, 
to preserve the surface both of the piece 
and the die. The original 10-in. test 
piece is elongated by the drawing to a 
trifle over 11 in. long. It is then 
notched with the standard Izod V-notch 
at 1.1-in. intervals along itslength. The 
first notch is usually located as near as 
practicable to the unworked end of the 
piece, so as to obtain a small degree of 
cold work for the first stressed point 
plotted, because of the rapid initial drop 
of the sensitivity curve for ordinarily 


chined to provide an untapered length 
sufficient to support one notch for this 
value, if desired. The specimen is then 
broken at each successive notch in an 
Izod machine and the impact values 
plotted against the corresponding 
amounts of cold work. 

This particular form of test specimen 
has been described in some detail be- 
cause it has proved to be most conven- 
ient for measuring the sensitivity char- 
acteristics of steels—the purpose for 
which it was devised. However, the 
means of cold working the specimen, the 
dimensions, and the shape of the test 
specimen may all be varied to meet 
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- special circumstances. The effects of 
certain of these variations will be noted 
briefly. 


Effect of Various Modes of Imparting 
Cold Work: 


Cold work in controllable amounts 
may be imparted to steel by stressing 
in tension beyond the proportional limit, 
by twisting, drawing, rolling, swaging, 
and direct compressing. There is no 
reason for assuming that all of these 
modes of working produce the same 
effect, and in fact experiments utilizing 
four of these means have shown that 
their effects are different. The relative 
effects on its sensitivity characteristics 
of stretching in tension, rolling, swaging, 
and drawing as means of cold working a 
specimen are shown in Fig. 3 for typical 
sensitive and insensitive steels otherwise 
of comparable properties and composi- 
tion. The order of effectiveness of these 
means of cold working in embrittling the 
steel is seen to be: (1) rolling, (2) draw- 
ing, (3) stretching, and (4) swaging. Re- 
gardless of which of these means of cold 
working is employed in preparing the 
work-brittleness test, however, it is seen 
that the test will rate the steels in their 
correct order of sensitivity. The effec- 
tiveness of the test is therefore inde- 
pendent of the means employed for 
applying cold work to the specimen. 

The cold-drawn and stretched work- 
brittleness tests of Fig. 3 were prepared 
in the manner previously described. The 
swaged test was prepared similarly to 
the drawn test, but was swaged instead 
of drawn to size. The cold-rolled test 
was prepared by machining a tapered 
blank 10 in. long, 0.394 in. thick at one 
end, and 0.419 in. thick at the other, 
cold rolling it to a uniform thickness of 
0.394 in., and then cutting out a test 
specimen 0.394 in. wide lengthwise of 
the blank, 
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No tests were made employing com- 


pression or torsion as means of applying 
cold work. 


Effect of Specimen Dimensions: 


If desired, the length, taper, or notch 
depth may be varied without impairing 
the effectiveness of the test in discrimi- 
nating between steels of varying degrees 
of strain-sensitivity. As the test is most 
conveniently broken in a standard Izod 
machine, it has not seemed desirable to 
depart from the standard Izod specimen 
diameter or circular section, or notch 
spacing. 

Length.-For certain purposes, a short 
specimen is sometimes employed, 6 in. 
long, tapering from 0.450 in. to 0.475 in. 
in diameter before drawing. This speci- 
men is drawn, notched, and broken in 
the usual manner, and furnishes the same 
information as the 10-in. specimen, but 
because of the shorter length only five 
notches can be cut and consequently the 
increment of cold work between succes- 
sive notches is greater than for the 10-in. 
specimen— about 2 per cent against 
about 1.2 per cent. This specimen may 
be prepared in a shorter time than the 
larger one, and is, therefore, advanta- 
geous for rapid work. 

There is no reason, aside from machin- 
ing difficulties, why a longer test may 
not be employed, either with the same 
taper per inch or the same total taper, 
if desired. The first of these possibilities 
has not been found to offer any consid- 
erable amount of additional information, 
for in the case of steel the significant 
effects of cold work seem to be fully 
revealed before the reduction in area has 
exceeded about 10 per cent. The sec- 
ond would afford a smaller increment of 
cold work between successive notches, 
which is advantageous where the slope 
of the sensitivity characteristic is steep, 
but this is the case only at low values 
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of cold work, and is more conveniently 
measured by using a test blank of stand- 
ard length but of smaller taper. 
Taper.—As previously mentioned, a 
smaller taper affords a smaller increment 
of cold work between successive notches 
and is of value in measuring the sensitiv- 
ity characteristics of very sensitive steels. 
In Fig. 4 are plotted test results on 
two sensitive steels, progressively cold 
worked from zero to a maximum of only 
about 1.8 per cent reduction of area. 
These tests were prepared by machining 
a blank 6 in. long, 0.450 in. in dameter 
at one end, and 0.455 in. at the other. 
The taper was thus only 0.005 in. in 6 
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Fic. 4.—Sensitivity Characteristics of 0.08 
percent Carbon Bessemer Steels. 


in., or 0.00083 in. per inch. The speci- 
men was then drawn through the usual 
(.450-in. die and notched with the stand- 
ard Izod notch at 1.1-in. intervals, be- 
ginning at 0.350 in. from the originally 
1450-in. diameter end. Five notches 
oily were cut. The impact values of 
both steels are seen to have dropped from 
their unstressed values, taken as 100 per 
vent, to roughly constant but much 
ower values at about 1 per cent cold 
work, corresponding roughly to the third 
notch on the test. It is apparent that 
the 10-in. specimen with 0.025-in. taper 
vould not provide enough points for a 
good characteristic for these steels, as 


7 On WorkK-BrRITTLENESS TEST FOR STEEL 


the significant effects of cold work are 
encompassed within the first 1 per cent 
of reduction of area, which in the 10-in. 
standard specimen would occur between 
the first and second notches. Inciden- 
tally, this figure illustrates the tremen- 
dous embrittling effect of very small 
amounts of cold work on sensitive steels. 

Notch Depth—The standard Izod 
notch, 0.130 in. in depth, has been gen- 
erally employed for the various forms of 
the work-brittleness test previously de- 
scribed. For very brittle steels, how- 
ever, it becomes quite difficult to 
determine the sensitivity characteristics 
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Fic. 5.—Sensitivity Characteristics of 0.60 per 
cent Carbon, 1.00 per cent Manganese Steels. 


with any degree of precision if the stand- 
ard notch depth is used, as even the un- 
stressed Izod value is a matter of per- 
haps 3 or 4 ft-lb. Greater accuracy in 
testing very brittle steels may be ob- 
tained by notching the work-brittleness 
test specimen to a shallower depth. The 
results obtained with an extremely shal-_ 
low notch—0.010 in. deep—are shown in — 
Fig. 5. The steels tested were high- 
carbon spring steels of approximately — 
0.60 per cent carbon and 1.00 per cent 
manganese. The unstressed impact val- 
ues, shown as 100 per cent on the curves, 
ranged in numerical value between 60 


4 

ing 

tch 

ing 

mi- 

ee 

ost 

to 

> 

tch 

ort 
To 

in. 

we 

— 

but 

live 

ces- 

act 

nay 

the 

nta- 

a 

ame x 

id- 

ion, 

cant 

ully ee 

sec- 

t of | 

hes, 

Jues 


578 GRAHAM AND WORK 


and 100 ft-lb. with the 0.010-in. notch, 
as against 2 to 3 ft-lb. with the standard 
depth notch. The notch depth of 0.010 
in. was chosen for the tests shown in 
Fig. 5 merely to illustrate the extreme 
adaptability of the work-brittleness test, 
and is not recommended even for very 
brittle steels, since with such a very 
shallow notch the specimen has a tend- 
ency to break outside the notch loca- 
tion. A 0.030 or 0.040-in. notch largely 
eliminates this difficulty without reduc- 
ing the actual readings to values too low 
to measure accurately. When a notch 
of other than standard Izod dimensions 
is employed, the impact value so ob- 
tained, of course, is no longer comparable 
with standard Izod values. However, 
the relative sensitivity characteristic of 
a steel is determined by the shape of the 
work-brittleness curve,—the rapidity 
with which the impact value falls away 
with increasing cold work—and as it can 
be plotted in terms of percentages as well 
as actual values, it is not necessary that 
the individual points on the curve be ob- 
tained in standard Izod values. All that 
is necessary is that the actual Izod value 
corresponding to the 100 per cent ordi- 
nate be known. 

It will be observed from Fig. 5 that 
although the curves plotted have dif- 
ferent shapes, there is no clear-cut 
distinction such as may be observed be- 
tween the curves of sensitive and insen- 
sitive steels of lower carbon. These 
curves are representative of a consider- 
able volume of data, which indicates that 
the sensitivity range of high-carbon 
steels is considerably more restricted 
than that of those of lower carbon 
contents. 


Reliability: 


As the work-brittleness test is in effect 
a form of the Izod impact test, it might 
be expected that its reliability would be 
influenced by all factors influencing the 


reliability of an Izod test, as well as any 
factors causing variations in the reaction 
of the steel tested to cold work. The 
former are well recognized and are out. 
side the scope of this paper. The latter 
include heat treatment, mechanical er. 
rors in turning and drawing the speci- 
men, and variations throughout the in- 
got of heat of steel of the factors responsi- 
ble for the sensitivity of steel. 

Heat Treatment.—To obviate the ¢éf- 
fects arising from variations in rolling 
temperature or cooling rate of the steel 
to be tested, the work-brittleness test 
blanks are normalized before they are 
machined. Normalizing after machin- 
ing, without warping the specimen, 
seems to be impractical. The amount 
of cold working imparted by the machin- 
ing operation appears to be inconse- 
quential, since to secure a uniform taper 
and good surface it is generally necessary 
to finish the machining operation with 
several shallow cuts. 

Mechanical Treatment.—Care must be 
exercised in turning the taper on the 
specimen blank, as a specimen over 10 
in. long and less than 3 in. in diameter is 
bowed rather easily by excessive tool 
pressure. Non-uniform taper causes 
non-uniform cold working during draw- 
ing, which, of course, may introduce 
error into the test results. The die 
through which the tapered blank is 
drawn must be accurately aligned and 
the blank straight, to insure uniform 
peripheral distribution of coid work. 

Variation of Sensitivity Characteristics 
Throughout a Heat.—The foregoing 
sources of error are easily controllable 
and may be eliminated with ordinary 
care. A third source of error lies in the 
possible variation throughout a billet, 
ingot, or heat of steel of the factors re 
sponsible for the relative sensitivity of 4 
steel, or the manner in which it reacts to 
cold work. What these factors are 5 
not known definitely, for, as has been 


showr 
identi 
tion a 
differ 
Furth 
paper 
sible 
forth 
chara 
termil 
expec 
steel, 
heat 
struct 


Izod Impact, ft-Ib. 


Fic 
ferent 


whick 
were 
From 
dle, < 
and a 
horm. 
It 
lower 
ency 
degre 
samp 
cent 
than 


| 
| 
7 


nen, 
ount 
chin- 
nse- 
aper 
sary 
with 


st be 
the 
er 10) 
ter is 
tool 
auses 
lraw- 
yduce 
die 
ik is 
| and 
iform 
k. 
ristics 
going 
Hable 
inary 
in the 
billet, 
rs 
y of a 
cts to 
are is 
been 


shown in Table I, two steels of nearly 
identical conventional chemical composi- 
tion and static physical properties may 
differ widely in sensitivity to cold work. 
Furthermore it is not the purpose of this 
paper to speculate concerning the pos- 
sible causes of sensitivity, but to set 
forth the practical means by which this 
characteristic may be measured. To de- 
termine what variation, if any, might be 
expected throughout an ingot or heat of 
steel, a series of tests was made on a 
heat of killed, low-carbon, open-hearth, 
structural grade steel, the results of 
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Fic. 6.--Strain-Embrittlement Tests on Dif- 
ferent Bars from Heat A-5. 


which are shown in Fig. 6. Two ingots 
were selected—the first and tenth. 
From each of these ingots the top, mid- 
dle, and bottom billets were set aside 
and a test cut from each. All tests were 
normalized. 

It is seen that the Izod values for the 
lower degrees of cold work have a tend- 
ency to scatter to a somewhat greater 
degree than those for the unstressed 
samples, but that beyond about 3 per 
cent cold work the scatter is no greater 
than at zero cold work, or no more than 
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might be expected for a corresponding 
number of ordinary notched-bar impact | 
tests. The general shape of the work- 
brittleness characteristic for each billet 
in each ingot tested is substantially the 
same, and indicates that the sensitivity | 
characteristic of a given heat of steel is: 
as uniform as other physical properties 
throughout the heat. 

Types of Steels——This test was de- 
vised for homogeneous steels; that is to 
say, those fully killed or deoxidized. It 
is easily seen that it is not so readily 
applicable to effervescing or rimmed 
steels, as in the preparation of the test 
blank by ordinary machining methods 
the rim portion of the steel is nearly 
always partially, if not wholly, removed. 
The test then measures the sensitivity of 
substantially the core portion only of the 
ingot. This condition is true for any 
type of test requiring machining for 
preparation of the specimen, but con- 
ventional “static” properties of rimmed 
steel are not in general greatly affected 
by the presence or absence of the rim 
portion. The sensitivity characteristic 
of a rimmed steel, however, is influenced 
considerably by the presence or absence 
of the rimmed portion; it is, in fact, prob- 
ably incorrect to speak of a single “sensi- 
tivity” of a rimmed steel, as incomplete 
tests show an appreciable variation in 
this property over the cross-section of a 
rimmed ingot. This test, like the ordi- 
nary Izod test, is of course not applicable 
to steel in the form of small diameter 
wire, or sheet. The sensitivity of steel 
in these forms may be determined by a 
metallographic method described by 
Work and Case?’ in 1938. 


Practical A pplication: 


The sensitivity characteristic of a 
steel, which is determined by the work- 
7H. K. Work and S. L. Case, ‘‘A Metallographic Ap- 


yroach to the Study of the Sensitivity of Steel to Cold 
Vork,’’ Am. Soc. Metals, October Meeting (1938). 
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brittleness test, has been found to be 
related to numerous other physical prop- 
erties.5.* Sensitive steels generally ex- 
hibit greater fatigue endurance and 
better machinability than less sensitive 
steels, while the latter generally show less 
tendency to age, and as already dis- 
cussed, less tendency to become embrit- 
tled by cold work. As a consequence 
the latter are more suitable for cold form- 
ing operations. Hardenability has also 
been found to be related to the sensitiv- 
ity characteristic of a steel, sensitive 
steels being in general rapid or deep hard- 
ening, while “insensitive” steels are slow 
or shallow hardening. Heat treatments 
designed to reduce brittleness and im- 
prove toughness, such as normalizing or 
annealing, are relatively more effective 


with insensitive steels, while heat treat- 
ments designed to increase brittleness, 
such as blue annealing, are relatively 
more effective in that direction with 
sensitive steels. 

This considerable number of physical 
properties related to the sensitivity char- 
acteristic of a steel makes the convenient 
determination of this sensitivity charac- 
teristic a matter of considerable interest 
For this purpose, the standard form of 
the test described in the preceding pages 
has been found to be well suited, for the 
test may be made at moderate expense in 
a reasonable time. It has been exten- 
sively used on commercial problems of 
the special types where it is directly 
applicable. 
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Mr. Leon S. Motsseirr.'—I would 
like to know what is the cause of the 
ensitivity and insensitivity, also what 
is the practical way that others might 
have in mind to avoid it? For struc- 
tural purposes, an engineer would prob- 
ably like to have insensitivity. How 
could it be specified? We certainly 
could not make heats and reject them if 
they did not show low sensitivity. 

Mr. C. C. HENNING.?—Sensitivity is 
affected by a good many variables in 
steel-making, and to some extent is con- 
trollable. While we do not know all 
about it that we would like to, it can be 
controlled within certain limits. In a 
general way, the austenitic fine-grained 
steels are insensitive. The sensitivity 
also varies depending on the deoxidation 
practice. Different steels made _ by 
diferent practices have different sensi- 
tivities. For instance, bessemer steel in 
general is more sensitive than open- 
hearth steel. 

THe CHAIRMAN (Mr. H. H. Morgan’). 

[ suspect that the very use of the 
vords “sensitive” and “insensitive” 
mplies that the condition is tempera- 
mental to a certain extent. In other 

ords, sensitiveness and insensitiveness 


not always be counted on. Is that 
right? 


Mr. HENNING.—Yes, that is true. 
Mr. N. L. Mocue.4~-At the very 
lose of the paper, the authors, under 
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the subject of practical application, 
referred to the effect of this sensitivity 
and insensitivity in various tests. | 
should like to ask if they have considered 
how those materials would behave under 
high-temperature conditions. I suspect 
that these steels would behave differently. 

Mr. O. E. authors 
have indicated that manufacturing 
methods, particularly deoxidation prac- 
tice, make a difference in the sensitivity 
of steel. Can the results of manufac- 
turing practice be picked up by chemical 
analysis, for example, the nitrogen 
content, the oxygen content, the alumina 
content, etc.? I would like to know 
whether you could, by chemical analy- 
sis, get a line on these steels without 
making the sensitivity test. 

Mr. HENNING.—-If you made as com- 
plete an analysis as that, you would 
come pretty close to predicting the 
degree of sensitivity; in other words, if 
you made a complete chemical analysis, 
including gases and your deoxidizers 
added, you would have some idea as to 
its sensitivity, although even there you 
would get some variation, particularly 
in the sensitive steel. 

Mr. W. M._ Patterson.’ The 
authors have developed a new test of - 
very direct usefulness in the determina- 
tion of the suitability of cold-drawn 
metals, such as wire or sheet, for further 
cold processing. 

It would be interesting to 
whether any work has been 


know 
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comparing the brittleness or sensitivity 
factor with the ability to flow as it 
tends to harden in further work. I am 
thinking particularly of cold heading of 
cold-drawn wire and would like to know 
whether the sensitivity factor found on 
a cold-worked material is inherent or 
can be influenced by heat treatment 
after cold drawing. 

Mr. course, heat 
treatment after cold drawing would 
largely eliminate the effects of the cold 
work. 

Mr. Patterson. -It does not change 
the relationship between the work- 
hardenability and the work-brittleness 
factor? 

Mr. Henninc.— Yes; I did not go 
into that, but the work-hardness curves 
have the same trend as the brittleness 
curves. 

Mr. Pattrerson.--Then a material 
which is shown to be sensitive in the 
work-brittleness test will always work- 
harden rapidly? 

Mr. HENNING. —-Yes, and vice versa. 

Mr. Haakon Styrt.’—Is there any 
difference in cold-working and endurance 
properties between sensitive and _in- 
sensitive steel? 

Mr. HENNING. -Our tests indicate 
that the fatigue endurance of sensitive 
steels is greater than of insensitive 
steels. Our results show an endurance 
ratio of about 52 to 54 per cent. Those 
are just round figures; as against 42 to 
45 per cent on insensitive steels. 


? Director of Research, SKF Industries, Inc., Phil- 
adelphia, Pa. 
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Mr. MorGan.-—I would like to mep. 
tion a matter which may or may not have 
a bearing on this subject. 

The subject of this paper may have, 
bearing on steel which gets its work- 
hardening in service. In normal years 
two and one-half million tons of ste 
rails are produced; at present about a 
million and a half tons per year ar 
produced. Apparently, we have sens 
tive steel in certain heats of rail steel 
Such occasional heats develop the phe- 
nomena of shatter-cracks with resultant 
transverse fissures in service. Such 
investigations as have been made have 
not as yet definitely determined why 
such heats are sensitive, but we are 
encouraged by the fact that the sensitive 
condition is being corrected, we hope, 
by the present controlled cooling process 
where the steel is held for a minimum 
of 14 hrs. in closed boxes through 
a temperature change of from 1000F. 
to 300 or 400 F. We know that this 
treatment is taking out shatter-cracks 
and we hope that it will eliminate the 
development of transverse fissures in 
service. I emphasize the fact that this 
condition is produced only in certain 
heats that can properly be called sensi- 
tive heats. 

Mr. HENNING.—We do not make rails 
and therefore do not have any actual 
experience with them, but where the 
cold work is produced in service, the 
reaction is just the same. When we 
stop to think of it, all steel produced is 
cold worked in some manner or form 
such as machining, bending, etc. 
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THE RELATION OF CARBON NODULE SIZE AND TENSILE PROPERTIES - 7 


OF MALLEABLE CAST IRON! 


By H. A. Scuwartz,? H. J. ScuinpLer® anp J. F. 


A given white cast iron was converted into malleable irons varying widely 


in nodule number. 


number is favorable to ductility. 


It appears reasonable that in a two- 
phase alloy such as malleable cast iron 
the physical properties might well be a 
function of the size of particles of the 
discontinuous phase. 

Since it is relatively simple to cause a 
given white cast iron on graphitization 
to deposit a wide variety of sizes of 
temper carbon nodules, it should be 
tlatively easy to determine how im- 
portant nodule size is and its effect on 


tensile properties. 


Sixteen test coupons of the form usual 
lor malleable cast iron‘ were divided 
into four groups, each group being given 
adifferent heat treatment: 

Group A was heated to 950 C. for 1 
ir, oil quenched and drawn for about a 
talf hour at 500 C. 

Group B was similarly heat treated 
‘xcept that the initial temperature was 
825 C. 


Experimental Method: 


‘The data of this paper form the basis of a thesis 

presented by H. J. Schindler and J. F. Elliott to Case 
lof Applied Science in 1938 in partial fulfillment of 

‘te requirements for the degree of Bachelor of Science in 
Metallurgical Engineering. 

*Manager of Research, National Malleable and Steel 
stings Co., Cleveland, Ohio. 

* Case School of Applied Science, Cleveland, Ohio. 
, ‘Standard Specifications for Malleable Iron Castings 
— 1936 Book of A.S.T.M. Standards, Part I, 


It is shown that a great variation in nodule number has 
little effect on the tensile strength and yield strength but that a small nodule 


Groups A, B and C were then all - 
given a commercial anneal. 

Group D was packed in a 3-in. pipe in 
pig iron borings, heated for 26 days at 
725 C., cooled and heated 22 days more 
at 725 C., cooled and heated 25 daysat 
710C. The interruptions were made to’ 
permit micro examination of the speci- 
men to learn the progress of graphitiza- 
tion. 

The commercial annealing cycle con-— 
sisted of heating in 5 hr. to 815 C., in 4 
more hours to 925 C., maintaining this 
temperature 46 hr., cooling in 4 hr. to — 


then maintaining for 26 hr. a tempera- 
ture within the range 680 to 715C. In 
each case the metal was completely 
graphitized at the conclusion of the 
annealing period. 

The specimens were then turned to 
0.505 in. in diameter with ?-in. threaded 
ends and the four bars in each group 
tested in the usual manner. 

The yield strength reported is the so- 
called Johnson’s elastic limit where the 
relation of strain to stress has become one 
and one-half times the initial relation. 

Microsections were prepared near the 
point of fracture and the number and 
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size distribution of the temper carbon 
nodules determined by the well-known 
method.® 


Data: 


It seems unnecessary to submit indi- 
vidual stress-strain curves or even the 
individual results obtained on bars of the 
same group since the data are closely 
concordant. Averaged by groups the 
results were as follows: 


Reduc-| 

| Elon-| tion | Nodules 

| ‘Tensile Yield |. 

ation, of per Cubic 
Group | Strength, Strength, per | Area, Milli- 
| cent | per meter 

| cent 
ee 29 000 16.5 14.2 40 686 
27 325 | 11.9 28 456 
ee ee 30175 | 21.7 19.4 135 
D.......| 56550 37375 | 21.3 | 20.8 | 30 
Discussion: 


It appears that the tensile strength is 
practically not at all affected by the 
distribution of the temper carbon except 
in the case of group D. Since, in order 
to produce very coarse nodules, the 
anneal was conducted entirely below the 
critical point, it is barely possible, but 
not at all likely, that the difference is 

5 H. A. Schwartz, ‘The Metallographic Determination 


of the Size Distribution of Temper Carbon Nodules,”’ 
Metals and Alloys, Vol. 5, June, 1934, p. 139. 


due to the heat treatment of the ferrite 
A similar statement may be made wit 
regard to the yield strength. Th 
elongation of the relatively coarse nodule 
iron is definitely higher than that con. 
taining finer nodules. The reduction oj 
area follows a very similar rule. 

It is unfortunate that so large a ga 
exists between the nodule numbers oj 
groups Band C. This is due to the fact 
that while the prequenching treatment 
will give very fine nodules,® no method 
was known to us for insuring that the 
present metal could be annealed witha 
nodule number of say 1000 or 2000 per 
cu. mm. 


Conclusions: 


The nodule size of the temper carb 
has little effect on either the yield 
strength or tensile strength of malleable 
iron as determined on machined speci- 
mens. A decrease in nodule number 
from about 28,000 to about 135 per cu. 
mm. is accompanied by an important 
improvement in ductility. No sufficient 
theory exists with regard to the physical 
properties of heterogeneous mixtures 
to permit a rational explanation. 

®H. A. Schwartz, H. H. Johnson and C. H. Junge 


“Graphitization of Prequenched White Cast Iron,” Tran:- 
actions, Am. Soc. Steel Treating, Vol. 17, p. 383 (1930) 
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DISCUSSION 


Mr. MietH Maegser.'—I should like 
to ask whether quenching in hot salt 
at various temperatures has been tried. 

Mr. C. H. Junce.2—We have done 
a very little work in that connection in 
some experiments suggested by Axel 
Hultgren when he was over here from 
Sweden last summer. The work was done 


1 Materials Engineer, United Shoe Machinery Corp., 
Beverly, Mass. 

2 Research Staff, National Malleable and Steel Cast- 
ings Co., Cleveland, Ohio. 


on very small specimens. We thought we 
found that a layer of martensite was 
necessary to the formation of this very 
fine-temper carbon. 

Mr. MAESER.—We have found that 
we can get any grain size or structure 
we want by controlling the temperature 
of the salt. I am sure from my own 


experience with cast iron that you will 
not need too small specimens; you can 
get a perfectly good structure on speci- 
mens as large as 1 in. in diameter. 
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> RESISTANCE OF HIGH-SILICON MALLEABLE IRON TO DRILLING 
By H. A. Scuwartz,? R. C. Kasper® anp N. E. MErtz* 


SYNOPSIS 


The machinability by drilling of malleable cast iron ranging from 2.09 to 
2.36 per cent carbon and from 1.39 to 2.10 per cent silicon has been deter- 


mined in the Olsen Efficiency Machine. 


the resistance to drilling. 


Both elements are shown to reduce 


It is not desired that these data should be interpreted as to the desirability 
or practicability of making metal of this composition for any particular com- 


mercial purpose. 


The data apply in the absence of primary graphite. 


This 


is not to say that such absence can always be relied on. 


_ In view of recent interest in malleable 
irons containing what would a few years 
ago have been considered abnormally 
high silicon contents, it seemed desir- 
able to gain laboratory knowledge of the 
machinability of such irons in relation 
to silicon and carbon content. For 
various reasons, the chief of which is that 
in the Research Laboratory of the Na- 
tional Malleable and Steel Castings Co. 
the measurement of drilling resistance 
has been frequently carried out, a drill- 
ing test was selected as a means of 
comparing the machinabilities 
several materials. 


Experimental Method: 


The machine and method for making 
drilling tests have been described else- 
where.* The material available for the 
investigation consisted of a series of 


1The data for this paper form the basis of a thesis 
presented by R. C. Kasper and N. E. Mertz to Case School 
of Applied Science in 1938 in partial fulfillment of the 
requirements for the degree of Bachelor of Science in 
Metallurgical Engineering 

3 Manager of Research, National Malleable and Steel 
Castings Co., Cleveland, Ohio. 

4 Case School of Applied Science, Cleveland, Ohio. 

4H. A. Schwartz, ‘‘Factors Affecting Machinability of 
Malleable Cast Iron, ” Transactions, Am. Foundrymen’s 
Assn., Vol. XXXVIII, p. 210 (1930). 


of the 


commercial malleable irons having the 
following compositions before malleabil- 
ization: 


Carbon, Silicon, Carbon, Silicon, 


per per per per 
oe cent cent cent cent 
No.1 2.09 1.83 No. 9 2.10 1.66 
2.31 1.39 No. 10 2.16 1.0 
No. 3.. 2.12 1.60 No. 11 2.14 1.48 
No. 4.. 2.33 1.58 No. 12... 2.21 1.67 
No. 6... 2.03 1.68 No. 14... 2.24 1.78 
No. 7.. 2.20 2.10 Ne. 35... 2.25 1.68 
No. 8.. 2.20 1.60 No. 16... 2.36 1.99 
No. 17. 2.16 = 1.50 


The specimens were all annealed to- 
gether using a commercial cycle as fol- 
lows: 

5 hr. from room temperature to 815 C. 

4 hr. from 815 C. to 925 C. 

46 hr. at 925 C. 

4 hr. from 925 C. to 905 C. 

22 hr: from 905 C. to 680 C. 

26 hr. within the range of 680C. to 
715 C. 

Tests were made generally on four 
specimens of each kind. The rate of 
penetration of a standard }-in. drill 
pressed against the specimen by a load 
of 220 lb. was recorded and also the 
torque of a similar drill penetrating the 
material at the rate of 0.005 in. per 
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revolution. Dulling of the drill was pro- 
vided against by procedures described 
in the earlier paper by the author.‘ 
The results were as follows: 


Revo- 
lutions 
per — 
1-in. 
Pene- 
tration 
240 


Revo- 
lutions 
per 
1-in. 
Pene- 
tration 


Torque, 
in-lb. 


ec 


8 
.6 
4 
8 
4 
4 
of 
5.1 
8 
4 
5.3 
2 
-6 
8 
4 
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The multiplicity of results on mate- 
ial No. 17 was obtained in order to 
evaluate the precision of the test 


method. 


Discussion: 


By the usual statistical methods we 
ind the standard deviation of the 
results on a single material, No. 17, to be 
64 revolutions per 1-in. penetration and 
228 in-lb. of torque. Assuming that 
tither variable could be represented by 
in equation of the form 

Variable = a+ bSi+cC, 


the values of the constants a, b and c 


SCHWARTZ, KASPER AND MERTz 


were calculated by the usual method of 
least squares. In this way it is deter- 
mined that 
Revolutions per 1-in. penetration = 

257 — 0.49 Si — 0.80 C 
and 
Torque = 38.0 — 0.338 Si — 0.154 C._ 
In these equations Si and C are the 
silicon and carbon contents expressed 
in per cent. 

Computing the deviations of the ob- 
served values from the calculated, we 
find a standard deviation from the cal- 
culated value of 18 revolutions per 1-in. 
penetration and of 2.31 in-lb. 

It is to be noted that the agreement 
between torque data and the calculated 
value is about as close as the expected 
accuracy between frequently repeated 
runs of the test, whereas the scatter of 
the penetration data is about three 
times as great above and below the 
calculated value as the scatter of obser- 
vations on a single material above and 
below the average. 

It is probably a reasonable conclusion 
that unconsidered variables affect the 
penetration test by detectable amounts 


but not the torque test. 
Conclusions: 


It is concluded that both carbon and 
silicon improve the machinability of 
malleable iron as measured by the rate 
of penetration of a standard drill or as 
measured by the torque on a drill run- 
ning with a predetermined advance per 
revolution. 

Silicon is about twice as effective as 
carbon in reducing the torque, and 
carbon is almost as effective as silicon 
in reducing the number of revolutions 
required to penetrate 1 in. at standard 
load. The results with regard to torque 
are less affected by unknown variables 
existing between different heats than 
the results regarding penetration. 
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CHAIRMAN (Mr. J. J. Shuman')— 
It occurs to me to ask whether the anal- 
yses given here for carbon and silicon are 
representative of the spread of carbon 


and silicon which might be expected in 


high-silicon malleable castings, or 
whether they are more representative 
of a single type of malleable castings. 

Mr. C. H. Junce.*—I am not par- 
ticularly familiar with the origin of this 
material. It originated as the result 
of a number of experimental heats which 
were made at one of our plants. We 
collected, over a period of some time, 
a series of these heats and I think we 
just waited until we had enough of them 
on hand in order to have a fairly large 
spread in our silicon content. 


1 Inspecting Engineer, Jones & Laughlin Steel Corp., 
Pittsburgh, Pa. 

2 Research Staff, National Malleable and Steel Castings 
Co., Cleveland, Ohio. 


Mr. J. S. Vanick.*—I would like 1 
ask whether the authors, in compiling 
this work, have made any attempt to 
compare the strengths of these irons or 
their range of strength and the range 
of hardness from the surface to the core. 

Mr. JuNGE.—We have no data on 
record, so far as I know, on the strength 
of these particular irons as compared 
with their hardness and machinability. 
Of course the machinability which we 
get, or this measure of machinability, 
is only concerned with the material in 
the center of the bar. Obviously, when 
you ordinarily machine a_ malleable 
casting, you are more interested in the 
skin machinability. The results we 
have now have no reference to surface 
whatever. 


The International Nickel Co., Inc., 
Bayonne, N. J } a 
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By JASPER O. DRAFFIN! AND W. L. Co Ltins! 


This paper presents the results of tests on a high-strength cast iron. 


MECHANICAL PROPERTIES OF A HIGH-STRENGTH CAST IRON 


SYNOPSIS 


The 


tests closely parallel similar tests of a low-strength iron presented before the 
Society in 1937 and 1938;? * wherever feasible, comparisons between the two 


types of iron are made. 


Tests were made in (1) tension, on solid and hollow 


specimens; (2) compression, with specimens having length to diameter ratios 
of 3 and 6; (3) torsion, with solid specimens } in. and 1 in. in diameter and with 
hollow specimens of various wall thicknesses; (4) repeated stress in completely 
reversed torsion with and without a hole; and (5) bending of solid rectangular 


and H-beams. 
those tested under repeated torsion. 


Strain readings were taken on nearly all specimens except 
Measurements were made to determine 


Poisson’s ratio for the top and bottom of each beam. 


Two papers have been presented be- 
fore this Society, by the authors, dealing 
with the strength properties of low- 
strength (gray) iron in tension and tor- 
The present paper presents 
data on the strength properties of a 
high-strength cast iron tested in (1) ten- 
sion, (2) compression, (3) torsion, (4) 
repeated torsion, and (5) bending. 
While the results are by no means conclu- 
sive, they point to certain relationships 
and are presented as a fairly complete set 
of tests on a single heat of iron. The 
investigation was carried out as part 
of the work of the Engineering Experi- 
ment Station of the University of Illinois. 


MATERIAL AND TEST SPECIMENS 


(he test specimens were machined 
irom four bars or castings, each 3 in. 
square and having a minimum length 


‘Professor, and Associate, respectively, Department 
of Theoretical and Applied Mechanics, University of 
Urbana, 

_ ?J.0. Draffin and W. L. Collins, ‘“The Tensile Strength 
ot Cast Iron,” Proceedings, Am. Soc. Testing Mats., 
Yol. 37, Part II, p. 88 (1937). 

. *J. O. Draffin and W. L. Collins, ‘Effect of Size and 
jot Specimen on the Torsional Properties of Cast 
Pane Proceedings, Am. Soc. Testing Mats., Vol. 38, 
art IT, p. 235 (1938). 


of 63in. ‘The bars were cast in a vertical 


position, and poured from the bottom, 
in the Machine Laboratories of the 
University of Illinois. The melting was 
done in a cupola furnace and the charge 
consisted of scrap steel. Two of the 
alloying elements, silicon and man- 
ganese, were added in the cupola, and 
nickel and molybdenum were added in 
the ladle. The chemical composition 
was determined by The American Cast 
Iron Pipe Co. and is given below. Each 
value is the average of duplicate analy- 
ses, except as noted: 


1.17 
Sulfur, evolved as HS, per cent... .. 0.090 
Sulfur, gravimetric, per cent........ 0.123 
Manganese, per cent............... 0.87 
Phosphorus, per cent............... 0.06 
Total carbon, per cent......... 3.06 
Graphite, per cent............ 
Combined carbon (by difference), per 
0.11" 
Chromium, per cent................ 0.08% 
Nickel, percent... .. 1.20 


Molybdenum, per cent...... Seid 0.91 


* Analysisfrom standard sample was0).120 as compared 
with the certificate value of 0.122. 
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fa) From mid-length of casting No. 4. Etched with (b) From mid-length of casting No. 4. Etched with 
saturated solution of ammonium persulfate. Natural size. 2 parts HeSO,, 1 part HCI, and 3 parts HeO. Natural size 


(c) From specimen 2ZB2GH. Etched with 2 per cent Nital (X 200). : 
Fic. 1.—Structure of High-Strength Cast Iron. 
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/ Repeated Load 


IWTTSO /WB86S\ /WBTSO 


IXTGSYIXTTSO /XBTSOWUKBGS 4 
1Z7TS0 |/ZTGS |/ZBGS |/ZB7S0 

Casting 


272 C6 |3WB27HO| 3W3/TSO J 


— 32B2THO | 328/750 é 
Casting No.3 


B2GH \2WBIGH 
2YBSGH 12YB26H 


of” 


GH 42ZB4GH4 2283 TSO §22B2GH 22B/GH 


Casting No.2 
4MM 


471 48R 


C4—{] -C5 

Casting No.4 


“ 


Note: A/l castings cast vertically, tops at left as shown 


0. 8"diam. 


“ 


005" 


Position of Specimens in Castings. 


| Standard Thread —> 


0.8"diam. 


| "0.05" 


are similar 


(a) Tension 


| Hollow specimens 


\ 
Location of 
Strain Gage 

Holes 


” 


(b) Torsion 


24 or 43° 


(c) Compression 


(d) Rectangular Beam 
d:0.300" 


Surfaces of reduced sections polished with No.OO emery paper — 


(f) Specimen Without Hole 
for Repeated Torsion 


Fic. 3. 


g) Specimen With Hole 
( Repeated Torsion 


Details of Test Specimens. 
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Because of mechanical difficulties 

- which arose at the time of pouring, the 
_ castings were not entirely sound; a num- 
ber of small blowholes near the surface 
of the castings made some of the pro- 
posed test specimens defective and thus 
left a few gaps in the series as originally 
planned. ‘The grain of the iron was fine, 
as Fig. 1 (a) and (b), taken over the 
cross-section at the mid-length of cast- 
ing No. 4, shows. Figure 1 (c) was 
taken from one end of the ruptured speci- 
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the one from the bottom, 229 and 23 
for those at the top, and 228 for the one 
near the middle. A somewhat simila; 
variation was found for casting No. ? 

Two hardness traverses, using a Rock. 
well machine, were made across specimen 
4M, one being through the center and 
perpendicular to two sides and the other 
on a parallel line connecting the centers 
of two quadrants, that is, centers of tw 
adjacent test specimens. Twelve read. 
ings at intervals of { in. were taken for 


TABLE I.—RESULTS OF TENSION TESTS OF HIGH-STRENGTH CAST IRON, 


Inside 
Diameter, Area, sq. in. 


Outside 


Specimen Number Diameter, 


.5039 
.5027 
-5001 
5001 
.5014 
-5027 
.5027 


IWTTSO 
iZTT 


.5039 
.5014 
3063 
.3075 


2WB3TSO 
2ZB3TSO 
2YB3THO 0.800 0.500 
2X B3THO 0.800 0.499 
Average, solid specimens casting No. 2 Dye Per 
Average, hollow specimens casting No. 2.......... 
-801 
. 800 
-800 
.799 
800 
800 


0.801 
0.799 


.5027 
.5027 


0.500 

0.499 
.800 0.500 
800 0.500 

_ Average, solid specimens casting No. 3 

_ Average, hollow specimens casting No. 3 


Tensile Maximum Unit Modulus of 
Strength, Strain, in. per Elasticity 
psi. inch® psi 


Maximum 
Load, lb. 


22 450 
21 380 
21 230 
22 990 
24 040 
25 970 
24 900 
25 840 


44 600 
42 500 
42 500 
46 000 
4% O00 
51 700 
49 500 
51 400 
43 900 
50 200 
44 000 
47 500 
40 200 
39 000 
45 800 
39 600 
48 300 
47 500 
52 600 
51 100 
47 600 
41 000 
51 500 
49 600 
49 900 
47 400 


- 00480 
- 00405 
-00395 
00515 
-00525 
-00723 
00618 
-00715 
00449 
.00645 
-00383 
.00472 
-00317 
-00303 
-00428 
-00310 
-00504 
00488 
-00738 
.00670 
-00500 
.00320 
00635 
.00580 
-00600 
.00509 


17 400 000 
18 000 OO 
17 000 000) 
17 100 000 
18 300 000 
19 400 000 
19 100 000 
18 700 000 
17 400 000 
18 900 00 
1% 700 000 
20 500 000 
17 900 000 
18 200 000 
19 600 000 
18 100 000 
18 800 000 
18 300 000 
18 500 000 
20 000 000 
18 500 00 
18 500 000 
19 200 001 
18 300 00 
18 900 000 
18 600 000 


22 160 
23 800 
12 300 
12 000 


24 320 
23 900 
26 450 
25 670 
14 600 
12 600 
15 800 
15 200 


@ Average of six gage lines. 


men 2ZB2GH. The location of the 
‘arious specimens in each casting isshown 
in Fig. 2 and the details and dimensions 
of the specimens are shown in Fig. 3. 


DATA FROM TESTS 
Hlardness Tests: 


Brinell hardness tests were made on 
the four rectangular ends of a large num- 
ber of torsion specimens. Four speci- 
mens taken from different parts of 
casting No. 1 gave, as an average of the 
four sides, a hardness number of 242 for 


each traverse. The readings from out- 
side to center of castings varied fron 
99.4 to 97.2 R, for the centerline travers 
and from 99.6 to 97.5 R, for the traverse 
through centers of adjacent specimens 
These hardness readings indicate a grea! 
degree of uniformity throughout the cross 
section, a conclusion also borne out b} 
the photographs shown in Fig. 1. The 
differences for each traverse are much 
less than those found for similar traverses 
for low-strength iron, 87 to 81 Ry, and 
86 to 79 Rg, respectively. 
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Tension Tests: 
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stress-strain curves are shown in Fig. 4. 
As with the low-strength iron, the loca- 
tion of the fracture was not influenced 
by the collars for the strain gage holes 
or by the fillets at the ends of the reduced 
sections. Of the 20 specimens tested, 
only three broke at the collars and eleven 
broke within the middle 6 in. of the 8-in. 
gage length. 


Typical Stress-Strain Curves for Tension. 


: os Tension tests were made in a 50,000- 
screw-power testing machine and 
\ongitudinal strain measurements were 
“th made on six gage lines spaced 60 deg. 
apart circumferentially; readings were 
m taken at close intervals of load to failure. 
othe B Holes for the points of the strain gage 
rs were drilled in collars turned on the 
ty 
50000 
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10000 
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Unit Strain, in. per inch 
averse 
averse 5. 
imens. 
» great | mens and in most cases Robertson 
CTOSS ickles were used toeliminate accidental 
we centricity in loading. While there were 
ou 
The § “Zerences in the strains on the different 
: tage lines of a single specimen, the 
‘ifferences were generally not in excess 
verst> @ ‘ld per cent above or below the average 
2, and forthe specimen. ‘The results of these 


‘Sts are given in Table I, and typical 


Lower Portions of Stress-Strain Curves for Compression. 


| 


It is evident that there is a variation 
in the strength of the iron from top to 
bottom of castings, as shown by the 
hardness tests and by the progressive 
increase in the strength of the specimens 
from top to bottom. A variation in 
strength is practically always accom-_ 
panied by a similar variation in the 
maximum tensile unit strain. The 
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PABLE II.-RESULTS OF COMPRESSION TESTS OF HIGH-STRENGTH CAST IRON, 


Ratio, Length Compressive Modulus of 
ee Length, in. Diameter, in. to Diameter ee Load, Strength, Elas — 
(1/d) psi. 


0.750 cK 68 700 157 000 

0.751 F 69 780 160 000 

0.751 - 64 600 146 000 

0.751 3. 65 000 147 000 gre: 
0.751 f 52 180 117 9004 20 500 000 o™ 
0.751 . 53 000 119 7004 20 500 000 spe 
0.751 4 50 850 114 8007 21 000 000 
0.751 ; 51 500 116 2004 20 500 000 In 
0.751 . 51 100 115 3007 20 700 000 

0.751 d 50 650 114 3004 21 300 000 ten: 
Average for l/d = 3.0 152 500 


Average for = 6.0 116 4007 20 700 000 con 


“ Not the ultimate strength of the material specimen failed in bending. I 


mu 
sligl 


TABLE IIf. RESULTS OF TESTS OF SOLID AND HOL LOW TORSION SPECIMENS OF pare 
HIGH-STRENGTH CAST IRON 
Maximum 
Modulus | Shearing 
of Rup- Unit 
ture, psi. Strain, in. 
per inch 


Ratio Maximum 
Twisting | 
Moment, 
in-lb. 


Maximum 
Tensile Unit ans 
Strain, in. $ of Elasticity 


per inch 


Outside Inside 
Diameter, Diameter, t 
in. in. 


Specimen 
Number 


4470 | 54200 -0260 -0130 250 000 
10410 | 53000 -0245 -0123 150 000 
4 430 53 500 -0231 -O116 & 480 000 
10 530 53 800 .0249 -0124 380 000 
4 660 56 700 -0283 -0142 9 080 000 
11 380 58 000 .0296 -0148 8 760 000 
5 320 64 500 .0490 -0245 § 250 000 
AYBGS .998 11910 61 000 -0389 -0195 8 420 000 


Average, *4-in. specimens. __. 57 200 -0316 -0158 & 520 000 
Average, 1.0-in. specimens ... ‘ ...| 56500 -0295 -0148 8 430.000 
Average, upper part 53 800 -0246 -0123 320 000 

_ Average, lower part casting . 60 000 -0386 -0193 8 630 000 


2WBS5GS Defective, not tested 
2X B4GS De fective, not tested 
2XB2GS...... 0.750 5 60 600 -0370 -O185 & 850 00 
2X B1GS | 0.999 75 60 000 .0399 .0200 7 890 


Average .. 60 300 -0385 .0192 8 370 00 
2ZB5GH Defective, not tested Spec 
2VYB4GH 1.000 0.315 685 9110 46 900 -O115 .0078 8 450 00 

2WB2GH 1.000 0.317 10 500 54 000 .0273 .0136 920 h 
2YBIGH 0.999 0.312 -687 10 930 56 400 -0328 .0164 8 260 00 the 


el 
Average... 52 400 .0126 8 540 00 as| 


high 
2X B5GH 1.000 0.499 520 46: -0090 18.5 
2WB4GH Defective, not tested 90 
2YB2GH 1.000 0.495 505 9 860 5. -02 ave! 
2ZB1GH 1.001 0.498 9720 0140 00 


Average.......... 50 800 -0247 0123 Com 
2YB5GH Defective, not tested . 
2ZB4GH 1.000} 0.751 5 300 39 600 -0109 0055, 8 690 OOF C 
2ZB2GH 1.000 0.754 5 790 43 600 .0160 8 440 len 

2WBIGH 7.001 0.749 6 250 46 200 0235 .0118 8 430 OO 


b 
ratic 
were 
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were 
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Average... . = 43 100 .0168 - 0084 8 520 


?t = wall thickness; r = outside radius. 


mor 
defi 


) 000 
0 000 
0) 000 


0) 000 
0 000 
000 


Q OOO 


() OOO 


0) O00) 
000 


0 000 
QUO) 


0 000 
(0) 000 


10 000 


modulus of elasticity, determined in a 
definite, arbitrary way, shows no clearly 
defined manner of variation. 

The differences between the properties 
of the solid and hollow specimens are no 
greater than those between the solid 
specimens themselves, a conclusion noted 
in a previous paper. The average 
tensile strength is about 46,800 psi. as 
compared with 30,000 psi. for the irons 
reported upon previously. The maxi- 
mum unit strain, however, appears to be 
slightly less, 0.0051 in. per inch as com- 
pared with about 0.0063 in. per inch for 
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Consequently the ultimate strength of 
the material in the long specimens could 
not be found. ‘The gage length was 2 in. 
and, in order to eliminate possible errors 
in the dial used on the compressometer 
and to maintain a high degree of sensi- 
tivity and accuracy, the compressometer 
was first calibrated for each two divisions 
on the dial. In the tests, the loads were 
read at the same dial divisions used in 
the calibration, and the calibration read- 
ings were used in computing the strains. 
The data are given in Table II and 
typical curves are shown in Fig. 5. It 
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Fic. 6. 
Specimens. 


Typical Twisting Moment 


the low-strength irons. ‘The modulusof 
elasticity of the high-strength iron is 
higher than that of the low-strength iron, 
18,500,000 psi. as compared with an 
average of 13,400,000 psi. 


Compression Tests: 


Compression tests were made on two 
lengths of specimens, ? by 2} in. and 
i by 44 in. The shorter specimens, 
ratio of length to diameter (1/d) = 3, 
were tested for ultimate strength only 
and all failed in shear. Strain readings 
were taken on the longer specimens 
!/d = 6) and these all failed by bending. 


Angle of Twist, radians per inch 


Angle of Twist Curves for Solid and Hollow ‘Torsion 


will be seen from Tables I and*II that 
the average ultimate strength in com- 
pression is about 3.25 times the average 
ultimate strength in tension and that 
the modulus of elasticity in compression 
is about 1.13 times the modulus of 
elasticity in tension. 


Torsion Tests: 


Solid and hollow specimens having 
nominal wall thicknesses of }, }, and 
32 in. and gage lengths of 5 in. were 
tested in a pendulum-type torsion 
machine. ‘Twisting moment and twist- 
ing strain measurements were made at 
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small increments of load to failure. The 
data are given in Table III and typical 
twisting moment ~ angle of twist curves 
are shown in Fig. 6. The curves are 
quite similar to those obtained for low- 
strength irons. 
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Curves 


Kic. 7. Showing Relationship in 
t 
lorsion Between Modulus of Rupture and 


and Between Maximum ‘Tensile Unit Strain 
and -. 
r 
A comparison of the ratio of modulus 
of rupture in torsion to tensile strength 
and of the ratio of maximum tensile 
unit strain in torsion (maximum tensile 
unit strain is assumed to be one-half the 
maximum shearing unit strain) to max- 
imum tensile unit strain in tension with 
the ratio of the wall thickness to the 
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outside radius (t/r) is made in Fig. 7, 
The data for the low-strength irons are 
included in this graph but the curves 
drawnare for the high-strength iron only, 
The curves in Fig. 7 indicate that al- 
though the curves for the strength ratio 
(modulus of rupture in torsion to tensile 
strength) are about the same for both 
low-strength and high-strength irons, 
the curves for the deformation ratios 
(maximum tensile unit strain in torsion 
to maximum tensile unit strain in ten- 
sion) are quite different even though 
they do have about the same shape. 
Since the high-strength iron has a higher 
strength at the bottom than at the top of 
the casting, an estimated average 
strength ratio is also plotted for the solid 
cylinder and this adjusted value is 
shown by a special symbol. 


Repeated Torsion Tests: 


Eight round solid specimens 0.300 in. 
in diameter and six round specimens 
0.400 in. in diameter with a No. 60 
drill hole (0.040 in.. diameter) in them, 
Fig. 3 (f) and (g), were tested. The 
specimens were taken from the upper 
part of casting No. 1 (see Fig. 2) and, 
since they were smaller than the other 
specimens tested, their positions in the 
cross-section of the casting were slightly 
different from the positions of those 
tested in torsion under static loads. No 
specimens were cut from the center of the 
casting. ‘The machine used for the re- 
peated-load tests was designed at the 
University of Illinois.‘ The results of 
the tests are shown in Fig. 8. The 
endurance limit for the specimens with- 
out holes is about 16,000 psi. ‘and for the 
specimens with holes it is 15,000 psi. 
As might be expected, the values are 
much less than the average modulus of 


4H. F. Moore and G.N. Krouse, ‘Repeated Stress 
(Fatigue) Testing Machines Used in the Materials Testing 
Laboratory of the University of Illinois,” Circular No.2, 
Engineering Experiment Station, University of Illino's 
(1954). 
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© Specimens without holes, D=0.300-in. 
e Specimens with No.60 drill hole,D=0.400-in. 
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Unit Stress 


that specimen 
|, not fail 


10° 
Cycles for Fracture 


Fic. 9.—Photograph Showing H-Beam, Location of Gag Devices for Measuring 
Slope and Lateral Strain. 


Due to the necessity of taking the photograph at an angle, there is a slight distortion of some 
vertical lines and an offset in the gage lines. 
@ = Loading block—spherical seat. 
= Wire-wound Wissler dial for measuring slope. 
¢ = Martens’ mirror for measuring lateral deformation. 
d = Strain gage holes. 
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(a) Slope of Neutral Surface 


at Supports, in. 


H Ol) O 
4TI 3TR ABR 
(b) Position of Neutral Surface. in 
(~) Neutral surface below center line 
(+) Neutra/ surface above center line 


Curves Showing Relation Between Load and (a) Slope of Neutral Surface at Supports 
and (b) Position of Neutral Surface. 
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Typical Strain Distribution Curves for Beams. 
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rupture under static loading—which was 
37,500 psi. The sensitivity to holes 
under repeated loading is much less than 
for most steels and is in accordance with 
the results generally observed in repeated 
stress tests of cast iron. Thespecimens 
all failed in tension with a_ helical 
fracture. 


a 


Two solid rectangular beams and one 
H-beam, all about 2} in. deep and 23 in. 
wide, were tested as simple beams. The 
span length was 24 in. and two loads 6 in. 
apart were placed symmetrically with 
respect to the center of the span. 
Strain-gage readings were taken, over 
a4-in. gage length at eight gage lines on 
each side of the beam as follows: At 


Bending Tests: 


orts 


TABLE IV. 
Span = 


in., flanges = 2.809 by 0.498 in. 


id intervals of 3000 Ib. for the rec- 
ingular beams and 2000 Ib. for the H- 
eam in the earlier part of the tests and 
1000 Ib. for the rectangular beams and 
0 lb. for the H-beam as the beams 
pproached rupture. The _ lateral 
‘trains at the extreme top and bottom 
ere measured over 25-in. gage lengths 
yan adaptation of two sets of Martens’ 
mirror extensometers, each of which was 
calibrated for the position in which it 
is used. By means of vertical arms 
ttached at the center of the depthof 
ihe beam at each support and a wire- 
‘ound Wissler dial, the slope of the ends 
{ the beam was measured. No deflec- 
lion readings were taken but the moduli 
{ elasticity were computed from the 
iopes of the beams at the supports. 
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BEAM TESTS OF HIGH-STRENGTH CAST IRON. 
24in. Loads placed symmetrically with respect to center line and 6 in. apart. 


Modulus Modulous 
snsile Compres- 
Beam T i F Maximum of Tensi ee 0 
ype and Dimen: 
Number yP d Dimensions Load, lb. Rupture, ag Elasticity, 
— in. perinch in. per inch oe 


iB Rect., 2.727 in. wide, 2.727 in. deep 51 800 69 000 0.00605 0.00520 19 900 000 
iTR Rect., 2.726 in. wide, 2.726 in. deep 52 800 70 400 0.00642 0.00540 20 100 000 
‘TH H-beam, depth = 2.809 in., web = 0.507 37 500 59 200 0.00550 0.00380 21 100 000 
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Figure 9 shows the manner of loading, 
the location of the gage lines and the 
devices for measuring the lateral strain. 
and the slope for the H-beam. Since 
the vertical arms were fastened to the 
beam only at the center of the depth, the | 
readings could be influenced but little by 
horizontal shear, deformation of sup-— 
ports, or deformation of testing machine. 
The load-slope curves are shown in Fig. 
10 (a). Asummary of the observed and — 
computed data are given in Table IV. 
In each plane where strains were | 
measured, the readings on opposite 
sides of the beam were averaged and, 
using these averages, strain distribution 
curves for the cross-section were plotted 
for each loading. Typical curves for 
both rectangular and H-beams are shown 


Maximum Maximum 


in Fig. 11. Since no gage holes were 


drilled in either the extreme top or bot- 
tom of the beams, the average lines of the 
strain distribution curves were extended 
to the outside edges (top and bottom) 
of the beams and from these extrapolated 
values the load longitudinal strain 
curves shown in Fig. 12 were drawn for 
the topand bottom “‘fibers” of each beam. 
Judging from the results of the tests in 
torsion and from some preliminary beam 
tests, it was expected that the maximum 
tensile unit strain in the “extreme fiber” 
of the beams might be considerably in 
excess of the values found in direct 
tension. The results, 0.00514 in. per 
inch in tension and 0.00624 in. per inch 
in bending, did not bear out this expecta- 
tion; consequently it is planned to con- 
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Poisson's Ratio 
Fic. 14.—Curves Showing Poisson’s Ratio for Extreme Fibers of Beams. 
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tinue these tests with beams of various 
span-depth ratios. 

The shift in the position of the neutral 
surface as the load was increased.- is 
shown in Fig. 10 (6). Because of the 
small strains at the lower loads, the posi- 
tion of the neutral surface cannot be de- 
termined definitely and this fact should 
be kept in mind in interpreting Fig. 10 
(b). However it is clear that the shift 
is relatively small for the rectangular 
beams but appreciable for the H-beam, 
being generally upward in all cases. The 
lateral strains for the top and bottom 
of each beam are shown in Fig. 13, and 
the relationship between the longitudinal 
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cast iron used in these tests are shown 
in Table V. Complete comparison with 
values for similar tests on low-strength 
iron cannot be made because all of the 
tests of low-strength iron have not yet 
been made. 

1. In tension and torsion, high- 
strength cast iron is quite similar in 
general action to low-strength cast iron. 

2. The modulus of elasticity of the 
high-strength iron is nearly the same in 
compression and bending and slightly 
less in tension. 

3. The modulus of elasticity in shear 
is about four-tenths the value in tension 


and compression. = 


TABLE V.—MECHANICAL PROPERTIES OF HIGH-STRENGTH CAST IRON, 
} Maximum Modulus of 
Type of Stress ie of Strength, psi. | Unit Strain, Elasticity, 
. in. per inch psi. 
Compression : 
Repeated Torsion: 
Bending: | 
2 69 700° 0.00624" 20 000 000 
1 59 200 =| 21 100 000 


Modulusofrupture. ° Tensile unit strain. 
ind lateral unit strains at the tops and 
wttoms of the beams (Poisson’s ratio) 
re shown in Fig. 14. It is believed that 
the curves for lateral strainare all equally 
liable except that for the top of beam 
4BR where, apparently, the mirror did 
not function properly. The values vary 
between about 0.20 and 0.30 in both ten- 
‘ion and compression. Because of this 
variation it seems clear that considerably 
more work must be done before definite 
values can be stated for Poisson’s ratio. 
This work will be continued on other 


beams, 


SUMMARY 
Average values of the various me- 
chanical properties of the high-strength 


© Endurance limit. 


4. The hole has relatively little effect 
on the endurance limit in completely 
reversed torsion. 

5. The modulus of rupture for hollow 
circular specimens in torsion is less than 
for solid specimens, the ratio of the 
modulus of rupture to tensile strength 
being approximately unity for the ratio 
of wall thickness to outside radius 
(t/r) of 0.20. 

6. The maximum tensile unit strain 
in torsion is greater than the maximum 
tensile unit strain in tension, the ratio 
decreasing as ¢/r decreases. 

7. The modulus of rupture in bending 
is less for H-sections than for solid 


rectangular sections. 


] 
> 


602 DRAFFIN AND COLLINS 


8. In a beam the neutral surface rises 
as the load is increased, the rise being 
greater in an H-beam than inarectangu- 
lar beam. 

9. No single value was found which 
can be said to be the value of Poisson’s 
ratio, either in tension or compression. 


Acknowledgments: 


Acknowledgment is made to H. R. 
Puckett, Research Assistant, Depart- 
ment of ‘Theoretical and Applied 


Mechanics, University of Illinois, who 
assisted in making all of the tests and in 
reducing and plotting the data, to R. P. 
Molt, Senior Student in Engineering, 
who made the tests in repeated torsion, 
to Mr. J. T. MacKenzie of the American 
Cast Iron Pipe Co. for the chemical 
analysis of the iron and the photo- 
micrographs in Fig. 1 (c), and to C. H. 
Casberg and J. F. Wooddell of the 
Machine Laboratories of the Universit) 
of Illinois, who made the castings. 


N 
mor 
som 
inte 
ime 
our 
will 
test 
the 
rup 
ast 
sup 
mor 
psi. 
aut 

| 

ask 

ela: 
of 


— 
the 
bu 
we. 
of 
— 
= 
= 


Mr. J. T. MacKenzire.'—We com- 
monly run tests on cast-iron pipe, and 
some comparative results might be of 
interest. Straight tension tests on spec- 
imens cut from the wall of the pipe under 
our particular method of manufacture 
will run around 28,000 psi. In a beam 
test on a 15-ft. span on 6-in. pipe, with 
the third-point loading, the modulus of 
rupture will be about 36,000 psi., but if 
a strip is cut for transverse tests on 10-in. 
supports with third-point loading, the 
modulus of rupture is around 55,000 
psi. I think that corroborates the 
authors’ results quite well. 

There is one question I should like to 
ask: In calculating the modulus of 
elasticity from the angle of movement 
of the ends, what assumption was made 
as to the bending curve of the beam? 

Mr. H. F. Moore.?-You will note 
the point made in the paper to the effect 
that the drilling of a hole caused a rather 
serious theoretical stress concentration, 
but that it lowered the endurance limit 
only slightly. That effect is quite 
common with cast iron and other brittle 
materials. It is just an_ illustration 
that cast iron is a nonhomogeneous 
material which has a lot of internal 

stress raisers,’ and to put in one more 
in the form of a hole does not do much 
additional damage. 
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rmingham, Ala. 
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W. L. (authors’ closure by 
letter). wish to thank Mr. J. T. 
MacKenzie for his comments regarding 
the beam tests of cast iron pipe and of 
specimens cut therefrom. The answer 
to his question about the assumption 
made regarding the bending curve 
(shape of the elastic curve) of the beam 
is that it was assumed to be in agree- 
ment with the results obtained from the 
general equation of the elastic curve of a 

beam, M = E/ .-, where M is the bend- 
dx* 

ing moment at any section, £ is the 
modulus of elasticity of the material, / 
is the moment of inertia of the normal 
cross-sectional area with respect to the 
centroidal axis perpendicular to the plane 


of the loads, and : y is the rate of change 
dx” 
of the slope of the elastic curve. For 
symmetrical two point loading, a single 
integration gives the following equation 
for the modulus of elasticity: 
Pa(a — l) 
(dy/dx) 
where P is the total load, a is the dis- 
tance between a_ reaction and the 
nearest load, / is the span length and 


dy. 
~ js the slope at the support, the quan- 


dx 
tity measured in the experiment. 

We also wish to thank Mr. H. F. 
Moore for emphasizing the difference 
between the theoretical and actual stress 
concentration factors caused by drilling 
a small hole in the repeated load speci- 
mens. 
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INFLUENCE OF CHROMIUM ON THE OXIDATION RESISTANCE OF 
CAST IRON 


By C. O. BurceEss! 


SYNOPSIS 


The primary object of the present investigation was to determine the 
effect of various chromium contents on the oxidation resistance of cast iron. 
Eleven cast irons containing approximately 0 to 25 per cent chromium were 
employed, and during 360-hr. exposure periods heated and cooled from test 


temperatures of 700, 800, 900, and 1000 C. 


A special technique was em- 


ployed to insure comparable conditions and accurate determinations of weight 


gains. 


Data so obtained definitely indicate the percentage of chromium 


necessary at each temperature level to limit the total oxidation of cast iron. 
The progressive weight-gain curves at 800 and 900 C. establish the chromium 
content required to produce an adherent scale at these two temperature 


levels. 


Low-carbon control specimens indicate that carbon content has rela- 
tively little effect on oxidation resistance. 


The role of chromium in inhibit- 


ing oxidation is clearly brought out by the metallographic examination. The 
penetration of an oxidation constituent, provisionally designated as metal- 
oxide, beneath the metallic surface of cast irons low in chromium was noted, 


growth. 


k ‘ollowing closely on the discovery that 
chromium limits the progressive oxida- 
tion of steel, various amounts of chro- 
mium have been added to cast iron in an 
attempt to improve its oxidation resist- 
ance. Particular significance attaches 
to such studies, as unalloyed cast irons 
are more subject to deterioration than 
steels on exposure to elevated tempera- 
tures. In addition to actual loss of 
metal through scaling, any pearlite or 
cementite existing in the iron is rapidly 
decomposed at elevated temperatures to 
ferrite and graphite and a cast part is 
subject to a progressive increase in 
volume or growth. Increases in volume 
of as much as 40 per cent have been re- 


1 Research Metallurgist, Union Carbide a. Carbon 
Research Laboratories, Inc, Niagara Falls, N. Y. 


and is believed to shed some light on the little understood phenomenon of 


corded. ‘These changes start at rela- 
tively low temperature; for example, 
growth has been reported on prolonged 
exposures of cast iron to temperatures as 
low as 300 C. The mechanism responsi- 
ble for growth is imperfectly understood, 
the commonest hypothesis being that an 
initial small increase in volume results 
from the breakdown of any combined 
carbon present in the iron to the more 
voluminous ferrite plus graphite form, 
followed by penetration of oxygen into 
the iron, presumably along the graphite 
flakes. The flakes are then “swollen” 
through an accumulation of oxide prod- 
ucts, and the iron casting as a whole 
further increases in volume. It is known 
that, in addition to objectionable distor- 
tion, an iron that has grown to an appre- 
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cable extent is extremely weak and 
brittle. 

Chromium was found by various in- 
vestigators to be the most effective of the 
common alloying elements both in in- 
hibiting the breakdown of combined 
carbon in cast iron and in very materi- 
ally decreasing the rate of growth up to 
maximum testing temperatures of 900 C. 
Additions of this element have been 
normally limited to approximately 1.5 
per cent when it was necessary to retain 
machinability. However, as the tem- 
perature rises above approximately 
600 C., even 1.5 per cent chromium, al- 


TABLE I.—ANALYSIS OF CAST IRONS. 


carbon contents, and carbon, because of 
its affinity for chromium and the conse- 
quent formation of chromium and iron- 
chromium carbides, drastically influences 
the reaction of chromium-bearing ma- 
terials to outside influences. In addi- 
tion, the silicon content of a cast iron 
base is usually higher than that of low- 
carbon or wrought materials. Some 
scattered information on the oxidation 
resistance of chromium-bearing cast 
irons is available and, strangely enough, 
does not indicate a sacrifice in oxidation 
resistance despite removal of chromium 
from solid solution in the form of com- 


| Chemical Analysis, per cent 


Flexual Properties 


12-in. span 
! 
Total (Combined) Chrom- | Manga- Phos- Strength, | Deflec- 
Carbon | Carbon | ium | Silicon nese | phorus Sulfur Ib. | tion, in. : 
Cast SERIES 
ee | 2.98 | 0.40 | 0.01 2.22 | 0.56 | 0.106 | 0.024 | 2900 | 0.08 
No. 4973............| 3.09 | 2.98 | 1.99 31004 0.06 
17.06 2.40 0.66 0.103 0.023 2900% 0.05 
COMPARISON SPECIMENS 
| | less than less than | 
* Result probably affected by defects. 


though considerably increasing the useful 
life of cast iron, does not appear to com- 
pletely eliminate growth. At these 
higher temperatures also, the scaling of 
the iron appears as an increasingly im- 
portant factor in determining the service 
fe of the casting. 

Obviously a need exists for specific in- 
mation as to the quantity of chro- 
mium necessary to limit oxidation of cast 
ion at high teniperatures. Unfortu- 
nately our data on low-carbon chromium 
fons or steels cannot be directly trans- 
lated into terms of cast iron, as cast irons 
ty definition have considerably higher 


plex carbides. In fact, if the results of 
the most recent work by Thyssen? are 
plotted, the gain in weight due to oxida- 
tion of irons containing 15 to 40 per cent 
chromium after 150 hr. exposure at 
950 C. (1740 F.) appears actually to de- 
crease somewhat as the carbon rises from 
1 to 3 per cent. 

The tests outlined in the present paper 
were consequently undertaken to supply 
information as to the quantity of chro- 
mium necessary to limit scaling of a cast 
iron to a given value at four different | 


2H. Thyssen, ‘Contribution a l’étude des fontes au 
chrome,”’ Transactions, Congrés Internat. de Fonderie, 
Vol, 24, 15 pp. (1938). 
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temperature levels, namely, 700, 800, 
900, and 1000 C. The effect of extended 
exposure at these temperatures on the 
structure of the irons was also deter- 
mined in view of the known influence of 
these changes on the useful life of cast 
iron. It was likewise felt that examina- 
tion of the exposed irons might yield 
some clue regarding the remarkable 
ability of chromium to limit growth out- 
side of its known carbide stabilizing ac- 


Fic. 1. 


tion, and to furnish some general infor- 
mation on the phenomenon of growth. 


MATERIALS 


A cast iron base material analyzing 


approximately 3.00 per cent carbon, 
2.25 per cent silicon, 0.60 per cent man- 
ganese, 0.11 per cent phosphorus, and 
0.03 per cent sulfur selected. 
Chromium was added in _ increasing 
amounts to this base. The analyses of 
the eleven resultant irons covering a 
chromium range from 0.01 per cent to 
25.18 per cent are shown in Table I. 
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Included in this table are the anlyses of 
two low-carbon wrought steels contain. 
ing approximately 17.5 and 27 per cent 
chromium used for comparison. 

The irons were cast in the form of 
standard 1}-in. diameter transverse bars, 
Following flexure tests, the bars were 
sandblasted, and slices approximately 
> in. thick were cut from the bars. These 
slices, approximately 1{ in. in diameter 
and 3 in. thick, were used as oxidation 


Assembly Used in Oxidation Tests (X 3). 


specimens. In a few cases in the tests 
at 700 and 1000 C., specimens ground to 
1 ip. in diameter were employed, but 
this difference in size did not influence 
the results as the degree of oxidation was 
based on the loss or gain in weight per 
square centimeter of surface. The two 
low-carbon oxidation specimens were cut 
from wrought 1-in. diameter bars. 


Test METHODS 


The flexure tests, the results of which 
are shown in Table I, were made on 4 
12-in. span. A_ special experimental 
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method was devised for the oxidation 
tests, both to insure comparable test con- 
ditions in the case of each specimen of a 
series, and to enable a study to be made 
of progressive oxidation. A }-in. thick 
plate of a 25 per cent chromium, 12 per 
cent nickel alloy was selected, and suffi- 
cient holes 13 in. in diameter and } in. in 
depth were drilled in the plate to accom- 
modate the eleven specimens of the cast 
iron series and the two low-carbon speci- 


gressive gain in weight due to oxidation, 
as the oxidation products breaking off 
from each specimen collected in the 
pocket in which the specimen was in- 
serted and could be removed and 
weighed together with the specimen. 
Oxidation of the side surfaces of the 
specimens was found to be uniform from 
top to base, the clearance between the 
specimens and the sides of a pocket being 
sufficient to admit air freely. 


Eutectic Regio 
Present Tests 


/); 


— 
| 
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3 
e* 
U 
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Carbon, per cent 
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mens. A specimen of each of the irons 
was inserted in these pockets, and the 
plate and specimens brought to the de- 
sired test temperature in an electric 
muffle furnace. Figure 1 illustrates the 
appearance of a section of the assembly 
containing the test specimens after 360 
hr. exposure at 700C. The use of the 
plate furnished assurance that all the 
specimens reached an equal temperature. 
Setting the samples in depressions facili- 
tated accurate determination of the pro- 


| 


Location of Present Cast Iron Series in Reference to Eutectic Region. 


Test DATA 
It is clear from the analyses of the 
irons in Table I that the combined 
carbon in the base iron increases with 
chromium content, so that when the 
chromium ‘content reaches approxi- 
mately 2 per cent, the iron is almost com- 
pletely white. Metallographic examina- 
tion of the still higher chromium irons of 
the series shows them to be completely 

free from graphite, as cast. 
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The flexure values in Table I show the mium is reached, when both the flexural 


usual improvement with a small addi- strength and deflection again improve. 
tion of chromium. After the chromium This behavior, namely, an improvement 


(b) Heat No. 4974 (3.81 per cent Chromium) 


(c) Heat No. 4976 (8.27 per cent Chromium). (d) Heat No. 4980 (25.18 per cent Chromium). 
Fic. 3. Variation in As-Cast Structure of Irons at Three Chromium Levels (X 100). = 
exceeds 2 per cent, a progressive de- in mechanical properties as the chro- 


crease in flexural properties takes place mium exceeds a certain critical value, 1s 
until a content of 8.27 per cent chro- typical of high chromium cast irons. AS 
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can be seen from Fig. 2, it corresponds 
to the point of entrance into the eutectic 
zone and the point at which a marked 
refinement of the carbides takes place. 
This figure is plotted from data by To- 
faute and coworkers, and the shifting of 
the eutectic zone due to the presence of 
2.25 per cent silicon in the present irons 
isshown. ‘The refinement in the eutec- 
tic region is readily recognizable in the 
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Figure 3 illustrates the normal gray 
iron structure of the unalloyed iron, the 
complete disappearance of graphite when 
the chromium content reaches 3.81 per 
cent, the refinement in carbides as the 
eutectic region is reached at 8.27 per 
cent chromium, and the appearance of 
hypereutectic carbides when the chro- 
mim content rises to 25.18 per cent. 
The pearlitic ground mass of the irons be- 
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Oxidation Loss as a Function of Chromium Content. 


fractures of the transverse bars, coarse 
bright fracture altering to a dull, fine- 
grained fracture when the chromium 
content reaches 8.27 per cent, and con- 
tinuing fine through the 17.06 per cent 
chromium iron. The last iron of the 
‘ries containing 25.18 per cent chro- 
nium is slightly hypereutectic, and bright 
needles make their appearance in the 
fracture. It is evidently not sufficiently 
hypereutectic, however, to affect ad- 
versely its flexural properties. 


12 


24 28 


comes increasingly finer with increase in 
chromium and finally assumes a sorbitic 
appearance unresolvable at 500 diame- 
ters in heat No. 4979 containing 17.06 
per cent chromium. 

The eleven irons in this series were ex- 
posed in air for a total of 360 hr. at tem- 
peratures of 700, 800, 900, and 1000 C. 
In each case the exposure period was 
interrupted and the specimens allowed 
to cool to room temperature after 24, 72, 
120, 168, 216, 264, and 312 hrs. ‘This 
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was done to permit loosening or flaking 
off of any non-adherent scale such as 


might occur in service. No attempt, 
however, was made to remove scale me- 
chanically. At the conclusion of the 
300-hr. test periods, all adhering scale 
was removed from the specimens by 
careful sandblasting. Their change in 
weight was determined and the oxida- 
tion loss calculated on the basis of grams 
lost per square centimeter of original 
area. 

The resultant curves of oxidation loss 
as a function of chromium content are 
shown in Fig. 4. Because of wide dif- 
ferences in the total amount of oxidation 
between 700 and 1000 C., it was neces- 
sary to plot oxidation loss on a logarith- 
mic scale. A minimum loss of 0.004 g. 
per sq. cm. was selected as a base, as 
weight determinations of less than this 
amount were felt to be within the limits 
of experimental error. Assuming pro- 
gressive oxidation at the rate of 0.004 g. 
per sq. cm. in 360 hr. a specimen would 
show a loss slightly less than 0.10 g. per 
sq. cm. per yr. corresponding to the 
formation of an extremely thin surface 
scale. Actually, as is subsequently 
brought out, the oxidation loss with in- 
creased time would be considerably less 
than this amount. 

Several interesting features may be 
noted in the curves. First a definite 
knee is evident in the curves represent- 
ing tests at 800, 900, and 1000 C.; that 
is, after a relatively rapid increase in 
oxidation resistance with increasing 
chromium a range is reached in which 
further increase in chromium confers a 
lesser relative increase in resistance, but 
when a critical percentage of chromium 
is exceeded — approximately 6 per cent at 
700 C., 8 per cent at 900 C., and 11 per 
cent at 1000 C.— the degree of relative im- 
provement in oxidation resistance with 
chromium content again increases. Sec- 
ondly, an apparent maximum oxidation 
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loss for unalloyed or chromum irons with 
up to 1 per cent chromium is established, 
the total oxidation loss at 900 and 1000C. 
being very similar, and a marked dif- 
ference in total oxidation loss at these 
two temperatures being evident only 
when approximately 2 per cent chro- 
mium is present. 

The oxidation loss of the low-carbon 
alloys Nos. 1 and 2 are shown below, to- 
gether with the two cast irons most 
nearly comparable in chromium content: 


Total Loss, g. per sq. cm, 


Car- Chro- 
bon, mium, 
Heat per | per J 
cent cent| ~ 
z = = = 
0.13 17.56 0.001 0.001 0.013 0.222 
2.90 17.06 0.003 0.001 0.009 0.124 
0.12 27.25 0.001 0.001 0.003 0.009 
No. 4980........ 2.94 25.18 0.002 0.001 0.001 0.011 


As previously stated, weight readings 
of losses under 0.004 g. per sq. cm. are 
believed to be within our experimental 
error. It is clear however, that the 
high-carbon 17.06 per cent chromium 
cast iron (heat No. 4979) is actually su- 
perior in oxidation resistance to the low- 
carbon 17.56 per cent chromium alloy 
at 900 and 1000C. The high-carbon 
25.18 per cent chromium cast iron (heat 
No. 4980), on the other hand, appears 
approximately equal in oxidation resist- 
ance to the low-carbon 27.25 per cent 
chromium alloy. Although high silicon 
content undoubtedly contributes to the 
resistance of the cast irons, it appears 
that a carbon content as high as 3 per 
cent does not materially lower the oxida- 
tion resistance of chromitm-bearing 
irons. 

In addition to the above tests, the 
gain in weight after 24, 72, 120, 168, 216, 
264 and 312 hr. exposure was actually de- 
termined at the 800 and 900 C. test tem- 
peratures. The gain in weight included 
all scale adhering to the specimen 4s 
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well as any oxidized material that 
spalled off during cooling. It is at once 
evident from these tests that total oxida- 
tion losses measured over a definite 
period, such as are recorded in Fig. 4, do 
not represent in the case of the chro- 
mium-bearing irons a uniform rate of oxi- 
dation over the test period. Figure 5, a 
typical section of the weight-gain curves, 
illustrates this point. It is evident from 
these abbreviated curves that the rate of 
oxidation was not uniform. Even the 
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120 


Fic. 5. Oxidation of Cast Lrons at 800 C., 

alloyed iron at 800 C. shows a rela- 
wely rapid rate of oxidation accom- 
anied by the formation of a partially 
lotective oxide coating after which oxi- 
ition proceeds at a somewhat decreased 
‘ale. In the case of the 0.54 per cent 
iromium cast iron, the amount of pre- 
minary oxidation before a decreased 
dation rate sets in is definitely less, 
ut the final or secondary rates of oxida- 
‘on of the unalloyed and 0.54 per cent 
‘ttomium iron appear approximately the 


same. On the other hand, with 1.06 per 
cent chromium present the initial oxida- 
tion and the more important secondary 
rate of oxidation are both reduced. In> 
other words, with continued testing, the 
weight-gain curves of the plain and 0.54 
per cent chromium cast irons are steeper 
and depart farther and farther from the — 
weight-gain curve of the 1.06 per cent 
chromium cast iron. With 1.99 per 
cent chromium, the preliminary and | 
secondary oxidation rates show an even 
more marked decrease. This form of the - 
weight-gain curves is typical; that is, a 
relatively rapid oxidation during the first © 
72-hr. or 120-hr. period of the test fol- 
lowed by a distinctly decreased rate of 
oxidation up to 360 hr. One of the most © 
striking features was that this secondary 
rate of oxidation, once set up, was quite - 
uniform throughout the remaining period 
of the test. Naturally the initial oxida-— 
tion with the higher chromium alloys was — 
very slight; for example, at 800 C. the 
total oxidation or weight gain in the first — 
72 hr. was less than 0.005 g. per sq. cm. 
for irons containing 11.0 per cent or | ~ 
more chromium, and the secondary rate | 
of oxidation approached zero. It is’ 
clear, particularly in the case of irons 
containing 1.99 per cent or more chro- 
mium, that if the total oxidation over a — 
given period is desired, the total loss over 
the 360-hr. period of Fig. 4 should not be 
directly multiplied by the number of 


hours in the selected period of exposure. 

For example, if a loss of 0.004 g. per sa 
cm. is shown in 120 hr. by a given 

chromium-bearing cast iron, the oxida- 
tion loss in 360 hr. will not be three 
times as great, namely, 0.012 g. per 
sq. cm. In fact, such longer exposure 
may not appreciably increase the loss 
over the original 0.004 g. per sq. cm. 
shown at 120 hr. The converse of 


course is true, that if an installation can 
be conceived in which the scale is com- 
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pletely removed periodically by means 
other than heating and cooling to the 
test temperature, the oxidation may ex- 
ceed that shown in Fig. 4. 

It is possible from the weight-gain 
curves plotted over a 360-hr. period to 
determine the percentage of chromium 
necessary to establish an adherent or 
oxidation-resistant scale and to reduce 
progressive oxidation to negligible 
value. Thus at 800C., although the 
total oxidation was materially reduced 


‘> 


Fic. 6.—Heat No. 4970 (0.10 cent 


hromium) at 700 C. (X 100). 
at 0.54 per cent and 1.06 per cent chro- 
mium, at 1.99 per cent chromium 60 per 
cent of the total weight gain occurred in 
the first 72 hr. and from this point to the 
360 hr. the rate of weight gain fell to 
one-fifth of that shown in the first 72 hr. 
With 8.27 per cent chromium, the effi- 
ciency of the protective scale was almost 
perfect, 86 per cent of the total weight 
gain occurring in the first 72 hr., and 
the secondary rate of weight gain drop- 
ping to one-twentieth of that shown dur- 
ing the first 72 hr. 
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With 11 per cent 


chromium, 94 per cent of the weight gain 
occurred in the first 120 hr. It is jp. 
mediately evident from this study that 
if an oxide coating can be maintained ip 
any particular application, 1.99 per cent 
chromium will yield an improvement 
much greater than indicated by the total 
oxidation loss curves of Fig. 4, and that 
8.27 per cent chromium will normally 
yield almost complete oxidation resist- 
ance at 800 C. 

At 900 C., the weight-gain curves (not 
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Heat No. 4971 


(0.54 
Chromium) at 700 C. (* 100). 


Fic. 7. per cent 


shown) show one marked difference in 
that the unalloyed and 0.54 per cent 
chromium cast irons show no tendency 
to form a protective scale, the weight 
gain being uniform throughout the 
360-hr. test period. The first tendency 
toward a decreased secondary oxidation 
rate was evident in the 1.06 per cent 
chromium specimen but again, as in the 
800 C. tests, the most marked decrease 
occurred on reaching a chromium CoM 
tent of 1.99 per cent. At this chromium 


content, approximately 60 per cent of 
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the total weight gain occurred in the 
frst 120 hr., the secondary oxidation 
rate being one-third to one-fourth that 
inthe first 72 hr. As would be expected, 
both the total weight gain and the rates 
in the two periods were approximately 
6 times as great as at 800C. It is in- 
teresting, however, to observe that at 
both 800 and 900C. the presence of 
1.99 per cent chromium produces a very 
sharp change in the rate of secondary 
oxidation, and it can be assumed that 


8.—Heat No. 4979 oe per cent 
hromium) at 700 C. (* 100). 


suficient chromium is present in the 
ast iron to alter the oxidation resistance 
materially. Although appreciable im- 
provement as regards lowering this sec- 
ndary rate of weight gain occurs with 
lurther increase in chromium, approxi- 
mately 17.06 per cent chromium is neces- 
‘ary at 900 C. to reduce the secondary 
xidation rate to almost zero, as com- 
pared to 8.27 per cent chromium at 
“0C. Again it can be concluded that 
is little as 1.99 per cent chromium will 
very materially improve oxidation resist- 
ace at 900C., but 17.06 per cent 
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chromium is necessary to yield almost 
complete oxidation resistance. 

It is, of course, not possible to estimate 
accurately the effect of protective coat- 
ings at the 700 and 1000 C. levels. It is’ 
reasonable to assume however, from the 
curves of Fig. 4, that at 700 C., 8.27 per 
cent chromium will produce a completely 
resistant coating, and probably lower 
chromium contents such as 6.15 per 
cent might furnish full protection. At 
1000 C. it is probable that the chromium 
content should approach the maximum 
of 25.18 per cent for full protection. 


METALLOGRAPHIC EXAMINATION 


Following the oxidation tests at the 
four test temperatures and sandblasting — 
to remove all adhering scale, the speci- 
mens were sectioned along a center line 
and submitted to metallographic ex- 
amination. 

The “as cast” structure of this series 
has been already described and typical 
structures illustrated in Fig. 3. Graphite 
disappears with increasing chromium, 
only traces being left when the chro- 
mium reaches 1.99 per cent in the present 
base iron. If this same series is exposed 
to 700 C. for 360 hr. and examined, it is 
found that the combined carbon of the 
pearlite is totally broken down in the un- 
alloyed iron heat No. 4970 as illustrated 
in Fig. 6, only ferrite and graphite in 
coarse flake and fine eutectic forms re- 
maining. As can be seen in Fig. 7, as 
little as 0.54 per cent chromium is suffi- 
cient to stabilize small areas of primary 
cementite and fine globules of cementite 
resulting from spheroidization of the 
pearlite. Figure 8 illustrates the fact 
that the primary carbides are unaffected 
in the higher chromium irons, heat No. 
4979 (17.06 per cent chromium), al- 
though some spheroidization of the car- 
bides of the ground mass takes place. 
One interesting observation is that at 
least a small amount of temper carbon 
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can be precipitated in both the 1.99 and 
3.81 per cent chromium cast irons on 
extended holding. This is illustrated in 
the unetched photomicrograph of Fig. 9. 

After exposure to 800C., traces of 
sorbitic-pearlite appear in the ferritic 
background of the unalloyed iron due to 
re-solution of carbon above the critical 
point, and the amount of this constituent 
increases in the 0.54 per cent chromium 


at 


“cast iron, as seen in Fig. 10. When the 
chromium reaches 1.99 per cent the 
critical point is apparently sufficiently 
raised so that no re-solution of carbide 
takes place, the spheroidized carbides 
from pearlitic cementite merely increas- 
ing in size in this latter sample. Figure 
11 illustrates the structure of the 17.06 
per cent chromium sample after this 
exposure. 

After the 900C. exposure, only a 
small central zone of the unalloyed 
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specimen consists of ferrite and som 
pearlite. The outer part of the specime; 
contains a constituent designated as , 
metal-oxide layer, which will be sub. 
sequently described. At this higher 
temperature, specimens containing up to 
8.27 per cent chromium show re-solution 
of carbides and the production of a com- 
pletely pearlitic ground mass interspersed 
with primary cementite. With 11.0 per 


. 
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Fic, 9. Heat No. 4974 (3.81 per cent Chromium) at 700 C. (x 100). 


cent chromium, Fig. 12, there is less 
complete solution of carbide and con- 
siderable ferrite remains. With 13.28 
per cent chromium, Fig. 13, sorbite 
almost disappears, and with 25.18 per 
cent chromium, Fig. 14, there is prac- 
tically no re-solution of carbides al- 
though the ferrite appears discolored. 
Progressive raising of the critical point 
by high chromium is the most logical 
explanation for this lack of solubility. 

At 1000C. there is little change 12 
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the internal structure of the lower become sorbitic throughout. Even a 
chromium irons. The solubility for slight degree of carbon solubility is ex- 


wy 
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Fic. 10.—Heat No. 4971 (0.54 per cent Heat ent 
Chromium) at 800 C. (X< 100). 


Fic. 12.Heat No. 4977 (11.00 per cent Fic. 13.—Heat No. 4978 (13.28 per cent 
Chromium) at 900 C. (< 100). Chromium) at 900 C. (X 100). 


carbide becomes greater with increase of hibited by the 25.18 per cent chromium 
temperature in the 11.00 and 17.06 per specimen. 
cent chromium cast irons so that they It should be stressed that except at the 


kh 
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extreme edge, no appreciable alterations 
in the primary needles or areas of cemen- 
tite occurred at any of the test tempera- 
tures when the chromium reached 1.99 
per cent or more, the changes taking 
place involving spheroidization and solu- 
tion of the pearlitic cementite. It is 
very clear that the cementite of the 
pearlite is different from the primary 
cementite in composition, the former un- 
doubtedly being lower in chromium 
content. 


« . . 
2%. 
4 apt 
~ 
‘ 
“- ‘ 


‘ on 

ric. 14.--Heat No. 4980 

Chromium) at 900 C. (< 100). 


at 


(25.18 per cent 


A particular study was also made of 
the alterations that occurred adjacent to 
and at the surface of oxidation speci- 
mens. It was found that a chromium 
content exists for each exposure tempera- 
ture at which there is no alteration in 
the structure of the sample from the 
center to the extreme edge. At 700C. 
an extremely thin ferrite edge is evident 
with a chromium content of 1.99 per 
cent and all evidences of deoxidation dis- 
appear at 6.15 per cent chromium, as 
can be seen in Fig. 15. At 800C., the 


ferrite edge also becomes narrow at 
1.99 per cent chromium but does not 
completely disappear until 8.27 per cent 
chromium is reached. At 900C. the 


Fic. 15.—Heat No. 4975 (6.15 per cent 
Chromium) at 700 C. (< 100). 


Fic. 16.—Heat No. 4970 (0-01 per cent 


Chromium) at 800 C. (X 2). 


ferrite layer is thin (0.004 in.) with 3.81 
per cent chromium and completely dis- 
appears at 13.28 per cent chromium. 
At 1000 C. a thin ferrite edge is present 
at the 3.81 per cent chromium level and 


= 
Fr 
‘4 


a) Metal-oxide layer. Heat No. 4970 (0.01 per cent (b) Reduction of metal-oxide layer. Heat No. 4971 — 
Chromium). (0.54 per cent Chromium). : 


(c) Disappearance of metal-oxide layer. Heat No. 4972 (1.06 per cent Chromium). 


Showing Manner in Which Chromium Reduces and Finally Eliminates the Metal-Oxide 


Layer at 700 C. (X 100). 
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is not completely eliminated until the The constituent is definitely associ- 
chromium reaches 17.06 per cent. ated with the oxidation process but is’ 
clearly metallic in character and is not 

scale. It will be recalled that all adher- 
Probably the most interesting observa- ing scale was removed by sandblasting. 
tion, however, was that a certain con- As a consequence the name “metal-. 
stituent makes its appearance close to oxide” or “metal-oxide layer” is be- 
the surface of oxidation specimens low _ lieved to be most descriptive. Figure 


per 


METAL-OXIDE CONSTITUENT 


NO, 


100). 


Chromium) at 900 C. 


1 


‘ 


No. 49 


Heat 


500). 


00 C. CX 


Extending from Scale. 


‘ 


Fic. 20.—Heat No. 4970 (0.01 per cent Chromium) at 900 C. (x 1500). 


ichromium content. The occurrence 16 illustrates the formation of this layer 
‘this constituent can be reduced or on the unalloyed iron heat No. 4970, 
iminated by chromium additions. For after 360 hr. at 800C. This specimen 
ample the constituent was absent in was etched to accentuate the layer. It 
ilspecimens, even those held at 1000 C., is much less visible in the unetched cen- 
hen the chromium reached or exceeded dition, appearing merely as a slightly 
‘9 per cent. The formation and de- roughened area. The manner in which 
see of penetration of this constituent chromium reduces and finally eliminates 
‘ould appear to explain the growth of — the metal-oxide layer at 700 C. is shown 
‘ast iron, in Fig. 17. It was not possible to re- 


Metal-Oxide 


(0.54 per cent Chromium) at 
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solve the structure of the metal oxide 
layer formed at 700C., but it appears 
to consist of a very fine precipitation 
from a saturated ferrite. It was found 
to stem definitely from occasional oxide 
particles entrapped in crevices at the 
surface of the iron, the oxide passing to 
the metal-oxide constituent as the ac- 
tual metallic surface of the specimen was 
reached. ‘This condition is shown at 500 
diameters in the upper left-hand corner 
of Fig. 18. It is interesting to observe 
that when the metal oxide layer is con- 
tinuous, the pre-existent graphite ap- 
pears to have been replaced with ferrite. 
Such an action is understandable if it is 
assumed that the metal-oxide layer is 
due to penetration of oxygen or iron 
oxide, as any remaining graphite would 
act to reduce the oxide to iron. Thus 
it would be expected that the iron would 
form pseudomorphs after the graphite 
flakes. In all cases observed, the con- 
tinuous metal-oxide layer did not ap- 
pear in a given area until all combined 
or graphitic carbon had been oxidized. 
With increase in exposure tempera- 
ture, the structure of the metal-oxide 
Jayer was somewhat coarser and ex- 
tended deeper into the unalloyed speci- 
men until finally a network of metal- 
oxide areas extended almost throughout 
the specimen exposed to 900C. The 
structure of the metal-oxide areas formed 
at 900 C. in the unalloyed specimen is 
illustrated in Fig. 19. In this latter 
specimen, an alteration in the ground 
mass adjacent to a number of graphite 
flakes was also noted in the small core 
not occupied by metal-oxide layer. This 
is illustrated at 1500 diameters in Fig. 20. 
It appears probable that this constituent 
forming around the graphite flake is an 
intermediate stage in the formation of 
the metal-oxide, and would indicate that 
the graphite flakes do furnish avenues 
for the entrance of oxidizing gases. ‘The 
area was evidently not carbide, as a few 
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spheroidized carbides occurred in it and 
the rate of cooling was not sufficiently 
rapid to retain austenite. , 

The metal-oxide areas at these higher 
oxidizing temperatures occurred associ- 
ated with ferrite in a roughly dendritic 
pattern. The metal oxide layers, as can | 
be seen in Fig. 19, appear to contain | 
small cracks. The possibility that these 
might be reprecipitated graphite was 
considered but discarded as some graph- 
ite would certainly be redissolved at 
900 C. and sorbite or pearlite areas 
would occur in the metal-oxide layer. 
Cracking would indicate a change in 
volume, and it can be assumed that 
precipitation of a voluminous precipitate 
such as iron oxide during the cooling of 
a cast iron would produce such a volume 
increase. 

An X-ray diffraction pattern was made 
of the metal-oxide layer formed on the 
unalloyed specimen at 800 C. An alpha 
iron pattern was found. This furnishes 
some substantiation for the opinion that 
the metal-oxide areas consist of saturated | 
ferrite. The amount of the precipitate 
is obviously insufficient to yield a separ- 
ate pattern. 

At higher temperatures as well as at 
700 C., the addition of 0.54 per cent 
chromium sharply reduced the depth of 
penetration of the metal-oxide layer. 
The maximum penetration at 700 C., for 
example, dropped from 0.02 in. to 0.005 
in.; at 800 C. from 0.06 in. to 0.04 in.; 
at 900 C. from 0.14 in. to 0.04 in.; and 
at 1000 C. from 0.10 in. to 0.06 in. The 
reason why the metal-oxide network 
penetration figure appeared less at 
1000 C. than at 900C. is’ because the 
total thickness of the unalloyed specimen 
was rapidly reduced by scaling at 1000 C. 
Increase of chromium to 1.06 per cent 
eliminated the formation of the metal- 
oxide layer at 700 C., but at the higher 
temperatures some formation of the 
metal-oxide layer was noted. In these 
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1.06 per cent chromium cast irons, the 
metal-oxide areas were much sparser and 
smaller, the metal-oxide layer consisting 
of about 25 per cent metal-oxide and. 75 
per cent ferrite while in the unalloyed 
specimens the metal-oxide areas occupied 
60 per cent or more of the layer. On in- 


creasing the chromium to 1.99 per cent 
all traces of metal-oxide disappeared. 


SUMMARY 


Curves have been developed showing 
the total oxidation loss of cast irons con- 
taining up to 25.18 per cent chromium 
at four temperature levels. ‘The result- 
ant figures represent simple oxidation in 
air. Other types of atmospheres may 
alter the total oxidation figures but it is 
it that the information furnished by 
these curves will be of practical value in 
any installation where the atmosphere is 
predominantly oxidizing. 

The oxidation tests showed that high- 
chromium cast irons containing approxi- 
mately 3 per cent carbon and 2 per cent 
silicon were not subject to greater oxida- 
tion loss than low-carbon, lower silicon, 
hromium steels of comparable chro- 
mium content. 

From determinations of the rate of 
progressive oxidation at the 800 and 
00 C. levels, it was found that after an 
initial oxidizing period lasting from 72 
to 120 hr., the rate of progressive oxida- 
ion is sharply reduced in chromium- 
aring irons. It has been possible to 
stablish the chromium content neces- 
sary to produce an adherent or oxidation- 
sistant scale that reduced progressive 

xidation to a negligible value after this 
initial period. At these two tempera- 
‘ure levels as little as 0.54 per cent 
hbromium decreases total oxidation, but 
106 per cent chromium at 800 C., and 
19 per cent chromium at 900 C. were 
lecessary to materially reduce the rate 
if progressive oxidation. The sharpest 
‘top in progressive oxidation at both 


temperatures occurred with a chromium 

content of 1.99 per cent. Approximately 
8.27 per cent chromium at 800 C. and 
approximately 17.06 per cent chromium > 
at 900 C. were required, however, to yield — 
a scale that would furnish practically 
complete oxidation resistance under the 
present test conditions. 

Structural alterations in the 
cast irons exposed to the four oxidizing 
temperatures were traced. Complete 
absence of deoxidation at the surface of 
the sandblasted specimens was found at 
the 700 C. level with a 6.15 per cent 
chromium content, at the 800C. level 
with 8.27 per cent chromium, at the 
900 C. level with 13.28 per cent chro- 
mium and at the 1000 C. level with 17.06 
per cent chromium. 

The occurrence of an abnormal con- 
stituent in the unalloyed and very low 
chromium irons was detected, extending 
inward from the oxide coating. The 
constituent appeared to result from a 
fine precipitation of an iron oxide from 
a saturated ferrite. It has consequently 
been tentatively designated as the metal- 
oxide constituent. The formation of the 
metal-oxide constituent and its degree of 
penetration is believed to contribute to 
the growth of cast iron, and to shed some 
light on this little-understood phenom- 
enon. As little as 0.54 per cent chro- 
mium materially decreased the penetra- 
tion of this constituent into a cast iron, 
and with a 1.99 per cent chromium con- 
tent it was completely eliminated even 
on exposure to 1000 C. This observa- 
tion may explain the fact that chromium 
inhibits growth in cast iron to a greater 
degree than would be expected from its 
carbide-stabilizing power alone. 

The paper is intended merely to indi- 
cate the required chromium content to 
reduce oxidation to a desired level. It is 
normally desirable to alter the carbon 
and possibly the silicon content of a 
high-chromium cast iron to meet other 
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requirements in a given application, but 
a discussion of this phase must be re- 
served for a later paper. The oxidation 
results have been shown however, to be 
relatively independent of changes in 
carbon content and consequently gener- 
ally applicable to all high carbon - 
chromium irons. 
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Thief Mr. L. A. MEKLER.'—Since in gen- 
» the eral, in the oil industry, a material of 


the type described would be used for 
heater hardware such as tube supports, 
hangers, etc., I should like to know 
whether data covering physical proper- 
ties, particularly at high temperatures, 
are available on the cast material. I 
also notice that oxidation tests were 
being carried out at 700, 800, 900 and 
1000 C. Would the lower chromium 
materials be recommended for this ser- 
vice to support any load? If they are 
too weak, I wonder of what practical 
value the oxidation resistance of this 
material at these temperatures would 
be? 

Would they be usable in the same 
range of temperatures and under the 
same conditions as some of the low- 
nickel irons containing say two or three 
per cent of nickel? Would they be 
applicable within the same temperature 
range and the same stresses? 

Would they be used with or without a 
stabilizing agent like molybdenum? 

I am dwelling on this in some detail 
mainly because at the present time fur- 
nace hardware is made usually from the 
25 per cent chromium, 12 per cent nickel 
alloy. No other grades that can be 
relied upon have been submitted com- 
mercially. All kinds of cheaper irons 
are being proposed, but when we try to 
use them for service at a temperature of 
above 1200 F., and even at 1200 F., the 
sections become so thick that sometimes 
we can afford to pay 35 cents for 


1 Combustion Engineer, Universal Oil Products Co., 


DISCUSSION 


alloy in thin sections pe than the 
lower price per pound for these cast 
irons in thick sections. We are pleased 
to learn that low-chromium cast irons, 
which to me at least are comparatively 
new, could be used commercially and 
competitively with the more expensive 
alloys. 

Mr. J. S. Vanick.2~My comments 
will be confined entirely to the kind of 
cast iron found in the average gray iron 
foundry, in which usually the chromium 
content is under 2 percent. The author 
points out that it is clear from the 
analyses of the irons, bearing in mind 
that this is a 3 per cent carbon, 2 per 
cent silicon cast iron, that the combined 
carbon in the base iron increases with the 
chromium content, so that when the 
chromium content reaches approxi- 
mately 2 per cent, the iron is almost 
completely white. A study of Table I 
also shows that at about one per cent 
chromium and 1.26 combined carbon, 
it must have been slightly mottled, so 
that there is some danger in interpreting 
the results unless the iron is classified 
as mottled or white iron. But later, 
referring to the physical properties, the 
author says that “after the chromium 
exceeds 2 per cent, a progressive decrease 
in flexural properties takes place.” 
Referring back to heat No. 4972 with 
combined carbon at 1.26 per cent and 
chromium at 1.06 per cent, I would be 
compelled to abandon a conviction of 
long standing if I agreed that the 
strength of a pearlitic gray iron increases 


2 Metallurgist, The International Nickel Co., Inc 
Bayonne, N. J 
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as the combined carbon exceeds the 
eutectoid ratio, or about 0.80 per cent, 
because in most cast irons if the com- 
bined carbon exceeds 0.80 per cent there 
is very likely to be decrease in strength. 
The author later seems to bear that out 
but at a higher combined carbon level: 
“After the chromium exceeds 2 per cent, 
a progressive decrease in flexural proper- 
ties takes place.”” I should say it ought 
to be somewhere under one per cent. 

Finally, on comparing the oxidation 
of high-chromium cast irons (17 per 
cent chromium) as against the steel, I 
believe that the comparison should be 
confined to exactly those two high- 
chromium levels. I bring it up again 
because the author repeats in the sum- 
mary this sentence: “The oxidation 
tests showed that high-chromium cast 
irons containing approximately 3 per 
cent carbon and 2 per cent silicon were 
not subject to greater oxidation loss 
than low-carbon, lower silicon, chro- 
mium steels of comparable chromium 
content.” I feel sure there would be a 
considerable difference in oxidation re- 
sistance if the carbon varied from 23 
per cent to 3} per cent in a low-alloy 
cast iron containing under 1 per cent 
chromium, provided it was gray iron, 
and contained graphite which provided 
access to the interior to facilitate oxida- 
tion. 

These comments of mine concern de- 
tails and should not detract from Mr. 
Burgess’ paper, which is an excellent 
description of his work. 

Mr. C. O. BurceEss? (author’s closure). 
In response to Mr. Mekler’s discus- 
sion, it has been established by Mac- 
Pherran* and Donaldson® that cast 


Research Metallurgist, Union Carbide and 
Research Laboratories, Inc., Niagara Falls, N 

«R.S. MacPherran and R. H. Kluger, ‘ ‘Elects 0 on Cast 
Iron of Prolonged Heating at 800-1100 F.,’’ Transactions 


Am. Foundrymen’s Assn., Vol. 38, p. 826 (1930). 
“Influence of Chromium in Cast 
Foundry "Journal, 27, 1929, 489. 


‘J. W. Donaldson, 
Iron,”’ 
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irons containing as little as 0.50 per 
cent chromium exhibit definitely higher 
strength than unalloyed iron at tem- 
peratures up to 600 C. (1110 F.). Nat- 
urally, low-chromium cast irons can be 
used in the same ranges of temperature 
and stress as 2 to 3 per cent nickel cast 
irons. The inclusion of molybdenum 
is more or less optional. Its presence 
should improve the high-temperature 
strength to some degree. 

All low-alloy or plain cast irons lose 
a large share of their strength at tem- 
peratures above 600 C. Oxidation tests 
at higher temperatures on the low- 
chromium cast iron series are justified, 
however, from a practical standpoint, 
as numerous cast iron articles are now 
used at temperatures in the range of 
700 to 900 C., when they are adequately 
supported or are not under excessive 
load. Such uses include annealing 
boxes, furnace parts, stove parts, grates, 
etc. Frequently one face alone of the 
casting may be exposed to such tem- 
peratures. 

With higher chromium contents the 
temperature range in which an iron 
retains its strength is appreciably ex- 
tended. A 17.5 per cent chromium cast 
iron showed a strength of approximately 
20,000 psi. in a short-time tension 
test at 850C. However, the high- 
chromium cast irons cannot be consid- 
ered as competitive in fields demanding 

25 per cent chromium, 12 per cent 
nickel steel. 

In response to Mr. Vanick’s discussion 
on the low-chromium irons, heat No. 
4972 containing 1.06 per cent chromium 
showed light mottling. The amount of 
combined carbon in a 1.00 per cent 
chromium cast iron can be widely varied 
depending on the base iron selected and 
the method of manufacture. In our 
case, the base mixture was such as to 
give a relatively high combined carbon 


and as shown in Table I the strength of 
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the 1.06 per cent chromium iron is less 
that that of the 0.54 per cent chromium 
iron. The chromium content at which 
maximum strength or flexural properties 
are exhibited varies with the base iron. 
Maximum strength with a relatively 
hard base iron may be reached with a 
0.5 per cent chromium content while 
with a soft base iron it may be necessary 
to increase the chromium to 1.0 per cent 
or slightly above for maximum strength. 

I agree with Mr. Vanick that the 
observation “‘high-chromium cast irons 
containing approximately 3 per cent 
carbon and 2 per cent silicon were not 


s 


subject to greater oxidation loss than 
low-carbon, lower silicon chromium 
steels of comparable chromium content” 
has been established only for high- 
chromium, that is, graphite-free irons. 
With low-chromium cast irons, that is, 
with under 1 per cent chromium, it is 
probable that a variation in oxidation 
resistance would be observed with wide 
carbon variations. In view of the fact 
that chromium increases the oxidation 
resistance of the ferrite matrix, this 
difference should be less marked in 
chromium-bearing irons than in chro- 
mium-free cast irons. 
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THE ALLOY CASTING RESEARCH INSTITUTE TEST BLOCK FOR HEAT- 
RESISTING ALLOYS; ITS HISTORY, SELECTION AND 


UTILIZATION! 

ate. SYNOPSIS 


ae earlier survey conducted by Battelle Memorial Institute to determine 
the opinion of foundries and testing laboratories regarding the most suitable 
type of test specimens for use with heat-resisting alloys in determining high- 
temperature tensile properties and creep characteristics is reviewed. Some 
experiments on the use of a pot type of casting are reported. 

Further work at Battelle developed a wedge-shaped test block with a riser 
along the entire length but gated only at the bottom. The A.C.R.I. technical 
committee suggested modifying this block so as to introduce hot metal into the 
head or riser. The A.C.R.I. then proceeded to an evaluation of various kinds 
of test blocks, including end-headed round, A.S.T.M. B-4 block, keel block, 
star-gate, U-bar, side-head block and the block mentioned above. These va- 
rious blocks were compared with reference to ease of casting, soundness of 
specimens, mechanical properties of specimens, and the relative amount of 
metal to be melted to produce a given number of test specimens. 

The wedge-shaped block which would produce four tension test specimens 
was adopted on the basis of these requirements. This paper describes its 
utilization in testing three types of heat-resisting alloys which are usually des- 
ignated as NC-4, CN-36 and NC-2, or 35 Ni-15 Cr, 25 Cr-12 Ni, 60 Ni-12 Cr. 


= making test bars for short-time usually have their main sections rela- 
tension and creep tests on heat-resisting tively flat and thin. These alloys gen- 
alloys, metallurgists have approached in erally freeze with a coarse primary 
different ways, the problem of selection grain structure, each apparent grain 
of a test block from which the specimens actually comprising a cluster of dendrites 
may be taken. The brass foundryman or grains. In a cast-to-size round bar, 
tends to use a cast-to-size bar with risers _ the crystals grow in radially toward the 
at each end, or the Webbert type bar, axis. Ina flat casting there is a central 
with a fin gate leading into a feeding plane at which the crystals meet as 
head over the length of the bar. The they grow in from the mold walls, the 
steel foundryman tends to use the regu- crystal arrangement being more or less 
lar keel block that he uses for steel. symmetrical about the plane. In a keel 

Actual heat-resisting alloy castings block bar the crystals grow in from three 


sides. The steel foundryman is not 
1A communication from Battelle Memorial Institute 


for the Alloy Casting Research Institute, Inc., made at disturbed by this lack of symmetry, 
the request of Committee A-10 on Iron-Chromium, Iron- 


Chromium-Nickel and Related Alloys. since in heat treatment the cast struc- 
man, Battelle Memorial Institute ture is broken up and recrystalliza- 
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tion occurs as the steel is heated above 
the upper critical temperature and as 
it cools from the gamma to the alpha 
field in annealing or normalizing. No 
such recrystallization occurs in the aus- 
tenitic heat-resisting alloys. It is 
doubtful whether the austenitic grain 
size or arrangement has much effect on 
the room-temperature or short-time 
high-temperature tension tests of heat- 
resistant alloys. 
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in the appendix to the A.S.T.M. Tenta- 
tive Method of Test for Short-Time 
High-Temperature Tension Tests of 
Metallic Materials (E 21 — 37 T),* shown 
in Fig. 1. This was arrived at after 
considerable discussion and experiment 
by three foundries whose results showed 
that sound castings could be obtained 
from this pattern. This type of test 
bar was not adopted till 1937, and it is 
still only a “‘tentative” standard. 


7" 
. 
Section "A- A" 
9 
Note-Flask may be 
Shape, & Dimensions of 
diam. Risers may be Modified i" 
yo 
rae } Details of pattern arrangement for casting tension 
Co, 
a 
2 


(b) Cast tension test specimen. : 
A.S.T.M. Committee B-4 Test Block. ic 


Fic. 1. 


However, the desire to make the grain 
clusters show orientation in the test bar 
analogous to that which is common in 
castings, has influenced the design of 
some test bar castings. This, together 
with a desire to make the test bar grips 
sufficiently long to extend outside the 
furnace in high-temperature testing, evi- 
dently influenced the Society’s Commit- 
tee B-4 on Electrical-Heating, Electrical- 
Resistance and Electric-Furnace Alloys 
in the selection of the test bar 1 aeees 


On the other hand, the Joint Research 
Committee of the A.S.T.M. and 
A.S.M.E. on Effect of Temperature on 
the Properties of Metals, had previously 
selected, for its study of cast and 
wrought 18 per cent chromium, 8 per 
cent nickel alloy from split heats,‘ the 


3 Proceedings, Vol. 37, Part I, p. 1290 (1937); also 
1938 Book of A.S.T.M. Tentative ‘Standards, p. 1654. 

4H. C. Cross, ‘High-Temperature Tensile, Creep and 
Fatigue of Cast and Wrought High- and Low-Carbon 18 
Cr 8 Ni Steel from Split Heats,’’ Progress Report to 
Joint Committee, Transactions, Am. Soc. Mechanical 
Engrs., Vol. 56, July, 1934, pp. 533-553. 
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multiple keel block shown in Fig. 2. 
This was selected after much discussion 
and consultation with skilled foundry- 
men. 

In work at Battelle Memorial Insti- 
tute several years ago, it was necessary 
to make up specimens of heat-resisting 
alloys for high-temperature tension and 
creep testing. Committee B-4’s test bar 
was then only in process of discussion. 
The multiple keel block bar used in the 
18:8 tests froze so slowly that the grain 
size was huge. Either of these bars re- 
quired a very high total weight of metal 
per test bar produced. This may not 
be too serious in production of standard 
alloys where the gates and risers may be 
remelted, but in experimental work on 
new alloys where the compositions may 
not be such that the risers form satis- 
factory melting stock for other heats, 
the high raw material cost of heat- 
resistant alloys raises a problem that is 
serious. Inquiry was therefore made 
of a score of foundries and laboratories 
having experience in handling these 
alloys as to their preference in test 
blocks. The majority preferred some 
form of keel block bar, with keel about 
23-in. deep of which only the lower inch 
was used to provide the actual specimen. 
The length of the keels and the number 
attached to one head varied consider- 
ably, from a single short keel to designs 
like Fig. 2. 

The Webbert bar had been used, but 
in general, attempts to cast bars to size, 
or with a reduced breaking section, 
were stated to be unsatisfactory. Some 
producers have cast a large flat plate, 
for example, 20 by 20 by 1 in., and cut 
the test specimens from the plate. It 
is understood that radiographic exami- 
nation of such plates showed a large pro- 
portion that were unsound. 

Aside from a few opinions maintain- 
ing that specimens should be cut from 
actual castings so as to take in the 


question of insufficient feeding, it was 
generally agreed that ample feeding, 
analogous to that in a keel block bar, 
was required, to evaluate alloys. Be- 
yond that, the recommendations were 
widely variant, though several metallur- 
gists expressed a fear that in the feeding 
of the Committee B-4 bar, the metal 
flow might be such that two streams 
would meet in the filling of the break- 
ing section of the specimen. It was 
quite evident that the B-4 bar did not 
have sufficiently unanimous acceptance 
to render it impossible to consider other 
types. Indeed, as one man expressed 
it, there seemed to be as many ideas on 
the subject as there were foundry super- 
intendents. 


Vertical Keels: 


One suggestion, made to Battelle by 
H. C. T. Han, then of the Illinois Steel 
Co., was to use a feeding head like that 
of a keel block with a vertical keel in- 
stead of the usual horizontal keel. The 
keel suggested is 24 in. long, 1 in. thick, 
8 in. high, the feeder head 24 in. long 
by 4 in. wide by 3 in. high. The fin 
keel is horn gated on one end. The 
feeder head carries a 5 in. high riser on 
the other end. The specimens are cut 
vertically. 

Another suggestion from N. L. Mochel 
of Westinghouse was to cast a tall cylin- 
drical pot, thickened at the top into a 
heavy feeding head and provided with a 
horn gate to introduce the metal at the 
bottom of the casting. The pot is 10 in. 
outside diameter, 8} in. inside diameter, 
10 in. high surmounted by a 10-in. di- 
ameter head of any desired height. The 
test specimens are cut out as vertical 
strips from the bottom of the pot. Good 
results were said to have been obtained 
with this on heat-resisting alloys. The 
use of such a casting for a direct com- 
parison of ordinary and centrifugal 
castings, was suggested. Neither the 
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was Han scheme nor the pot conveniently for a given weight of metal, but on the 
ling, allowed a long enough bar to form particular heat-resisting alloys it was 
bar, integral grips, but experience with high- desired to study, which had somewhat 
Be- temperature creep and tension testing unusual compositions and high shrink- 
were cr ee age, it was found difficult to cast these 
llur- free from defects. Tapering of the sec- 
ding tion wall seemed necessary, with a 
etal thicker section at the top. The making 
ams tte oe of dry sand molds with the large central 
was 
3. 
| not ' 
ance 
ther TOOTH NO. 3. 1. » 
ssed =; 
s on 
per- Fic. 2.—Multiple Keel Test Block of the 
Joint Research Committee, of A.S.T.M. and r 
" A.S.M.E., on the Effect of Temperature on the ; 
fa Properties of Metals. 
Y 
a 
long 
! ' 
e fin | ol 
4 
to a Y 
tical A.C.R.I. Test Block for Heat-Resisting Alloys. 
Good 
1ined had convinced the Battelle workers core and the horn gate was a bit compli- 
The that integral grips were not essential. cated. While the pot could doubtless 
com- The cylindrical pot scheme was tried _ be redesigned so as to be entirely satis- 
fugal out at Battelle since it promised to pro- factory, and has the advantage that 
' the vide the greatest number of specimens’ every vertical strip freezes at the same 
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rate as any other, it seemed simpler to 
turn to a modification of the idea of tak- 
ing specimens vertically. 

Hence the upright specimen idea sug- 
gested by Han was developed at Bat- 
telle along the lines of Fig. 4, save that 
it was, at first, gated from the bottom 
only. Specimens cut from the vertical 
block were radiographed and found 
sound, and their properties seemed satis- 
factorily uniform. 

Therefore, this type of block, modified 
so as to supply hot metal to the shrink 
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Fic. 5.—Star Gate Test Block. 
head through a second gate instead of 
through the test block itself, was con- 
sidered, along with others, by the Alloy 
Casting Research Institute, for the pro- 
duction of test specimens of various 
heat-resisting alloys. 

Several types of specimens, some of 
which had been used by different found- 
ries for routine control, were considered. 
Due to the lack of comparable data on 
the results obtained from the different 
bars, two foundries agreed to make 
comparisons, using a 35 per cent nickel, 
15 per cent chromium alloy. All bars, 
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save two defective ones from the B-4 
bar, were X-rayed and found to be 
radiographically sound, whatever the 
type of bar. 

One foundry compared a modified keel 
block for steel (Fig. 3), the B-4 bar 
(Fig. 1), and an end-headed 1-in. di- 


ameter round bar with heads at each 
end, fed through one of the heads (Fig. 
7). Castings were tested in the as- 
cast condition only. 


The con- 


Fic. 7.—U-bar Test Block. ‘, 


tained 0.53 per cent carbon, 1.21 per 
cent manganese, 0.99 per cent silicon, 
15.3 per cent chromium and 36.5 per 
cent nickel. The average room tem- 
perature tensile results were: 


Reduc- 
Elonga- tion in 
Tensile Yield tion, Area, 
Strength, Strength, per per 
psi. psi. cent cent 
U-bar (Fig. 7) 65 100 33 800 4.9 5.0 
B-4 bar (Fig. 1)*.. 74 300 40 300 6.3 5.8 
Keel block (Fig. 
ee és .. 67 800 34 600 6.0 6.0 


@ Two specimens were defective and were not radio- 
graphed or tested. 
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The other foundry used an alloy of 
0.51 per cent carbon, 0.66 per cent 
manganese, 1.03 per cent silicon, 15.9 
per cent chromium, 36.9 per cent nickel 
with the following results, as-cast: 


Elonga- Reduc- 


tion tion in 
Tensile Yield in 2in., Area, 
Strength, Strength, per per 
psi. psi. cent cent 
Star gate (Fig. 5). 70 300 36 000 8.0 9.6 
U-bar (Fig. 7) 70 200 41 000 7.5 8.8 
B-4 bar (Fig. 1).. 62 300 37 600 4.5 6.3 
Block of Fig. 4 62 900 37 800 5.0 4.8 
Side head (Fig. 6) 64 600 32 300 6.0 6.0 

Keel block (Fig. 

3) 63 200 36 000 3.3 5.3 


A further comparison was made on 
castings that had been held at 1600 F. 
for 48 hr., with the following results: 


Elonga- Reduc- 
tion tion in 


Tensile Yield in2in., Area, 
Strength, Strength, per per 
psi. psi, cent cent 
Star gate (Fig. 5). 80 350 37 000 4.3 4.8 
U-bar (Fig. 7)... 72 900 38 700 3.0 4.3 
B-4 bar (Fig. 1).. 64 100 40 000 2.8 2.8 
Block of Fig. 4 70 500 39 100 3.3 3.5 
Side head (Fig. 
6) 74 900 38 500 4.0 3.8 
Keel block (Fig. 
ie ‘ 74 400 38 600 4.5 4.8 


The gross weight of metal required by 
each of these types to produce stock for 
four test bars was found to be: 


Metal Required for Four 


Type of Test Block Casting Test Specimens, lb. 


Calculated 
Reported from 

Drawings 
140 105 
Block of Fig. 4 35 to 40 41 
Side head.. . . 60 66% 
Keel block. : 128° 53° 


@ Assuming two specimens from each casting. 

__ ” Reported weight for four specimens from casting of 
Pig, Pubeliiais for keel block of Fig. 2 assuming two 
specimens from each keel. 

On the basis of freedom from defects, 
proper feeding, reasonable weight, and 
similarity of grain size to commercial 
castings, the block of Fig. 4 was adopted 
in the fall of 1937 for the cooperative 
investigations of the A.C.R.I. 

Subsequent experience with a large 
number of bars from the block of Fig. 4, 
made by several producers, has indicated 
it to be satisfactory for a variety of 


heat-resisting alloy compositions. Some 
of the evidence for this statement is sum- 
marized below. 

One cannot assume that any one 
method of producing test bars will 
serve for all alloys, even within the broad 
designation of heat-resisting alloys; 
hence the method has been considered 
tentative and subject to improvement 
if and when accumulating data should 
indicate changes to be necessary. The 
available data have therefore been con- 
tinually studied, not only from the point 
of view of evaluation of the alloys and 
the variables involved in their manu- 
facture, but also from that of the suit- 
ability of the test block. 

The properties of the alloys and the 
effects of the variables are another story 
and one not yet complete. Data cited 
below are therefore to be taken merely 
as representing certain lots of metal and 
certain variables rather than as repre- 
senting average or desired properties and 
not as representing specification values, 
since variables have been intentionally 
juggled for investigative purposes. 
Such data, however, serve excellently 
for indicating the degree of utility of the 
test block. 

In Fig. 4, it will be noted that the edge 
strips are discarded but that the inner 
strips B and C will freeze somewhat 
more slowly than strips A and D. 
Comparison of average properties of B 
and C with those of A and D was made 
on a total of 103 specimens from 9 
heats of NC-4 alloy (35 per cent nickel, 
15 per cent chromium). Tension tests 
were made at room temperature for 
material as cast and after aging at 
1600 F., and short-time tension tests 
were also made at 1800 F. 

The differences in average properties 
as related to position in the block, tak- 
ing the grand average of strips A, B, 
C, and D as the base line, were as shown 
in Table I. In such a comparison, one 
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TABLE I.—DIFFERENCES IN AVERAGES FROM GRAND AVERAGE. 
35 per cent nickel, 15 per cent chromium. 


As Cast _| Aged 1800 F. 


Strips Strips Strips Strips Strips Strips 
Aand BandC | AandD| BandC | A and D 


+550 —550 +2250 —2250 | +25 —25 


Yield strength (0.2 per cent set), psi Pape es = —200 +200 +150 —150 0 | 0 
Yield strength (0.1 per cent ee | Serer —100 +100 +50 —50 | +25 | —25 
Proportional limit, psi. ... 0 0 —50 +50 | +50 —50 
Elongation in 2 in., per cent. +0.25 | —0.25 +0.5 —0.5 +1.00 —1.00° 
Reduction in area, per cent : —0.10 +0.10 +0.35 —0.35, —1.75 +1.75° 
@ These variations from the grand averages were under 5 per cent. 
TABLE IIl.—DIFFERENCE IN AVERAGES FROM GRAND AVERAGE, 
- 60 per cent nickel, 12 per cent chromium. 
As Cast Aged | 1800 F. 
Strips Strips Strips | Strips Strips Strips 
AandD | BandC | AandD BandC | AandD BandC 
Tensile strength, psi ee ee ere +2000 — 2000 —400 +400 —125 +125 
Yield strength (0.2 per cent set), +100 —100 —75 +75 
Yield strength (0.1 per cent set), psi................ +600 —600 0 0 +200 —200 
Proportional limit, psi +125 —125 +250 — 250 +75 | 
£longation in 2 in., per +0.25 —0.25 0 0 +1.25 —1.25% 
Reduction in area, ‘per +0.30 —0.30) +0.25| —0.25 +3.25| —3.25* 


@ These variations from the grand averages were under 4 per cent and 15 per cent for elongation and reduction i in area 
respectively. 


TABLE III.—DIFFERENCE IN AVERAGES FROM-GRAND AVERAGE. 


25 per cent chromium, 12 per cent nickel. 


As Cast Aged | 1800 F. 


Strips Strips | Strips Strips Strips Strips 
| AandD) BandC AandD BandC AandD BandC 


+3600 — 3600 +3400 —3400 +200 —200 
Yield soenath (0.2 per cent set), Dal.........2.+-++ +450 —450 +350 —350 +200 —200 
Yield strength (0.1 per cent set), psi................ +350 —350 +100 —100 +150 —150 
Proportional limit, pel. .........---.-rce-sseecceeees —250 +250 —100 +100 +200 — 200 


Reduction in area, per cent. +0.9° —0.97 +0.4 | —0.4 —1.3 +1.3 


@ These variations from the grand averages were » under 15 per cont and 51 per cent for the elongations and reductions 
in area, respectively. 


TABLE IV.—DIFFERENCE IN AVERAGES FROM GRAND AVERAGE. 
; } 25 per cent chromium, 12 per cent nickel—three heats of closely similar composition. __ Aid 
As Cast Aged | 1800 F. 
Strips Strips | Strips Strips Strips Strips 
AandD Band AandD BandC | AandD) BandC 
+1300 —1300 +2000 — 2000 +150 —150 
Yield strength (0.2 per cent set), psi................ +400 | —400 +100 —100 +400 —400 
Yield strength (0.1 per cent set), psi................ +200 —200 — 200 +200 +125 —125 
Proportional limit, pei...............-------sseeees — 500 +500 “Po +300 +275 —275 


Elongation in 2 in., per cent +0.5 —0.5 +0.5 | —0.5| +1.25 —1.25¢ 
Reduction in area, per cent 0 | 
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notes not only the magnitude of the varia- 
tion but its sign. It is obvious that the 
properties of the inner specimens B 
and C were indistinguishable from those 
of the outer specimens A and D. 

Similar comparisons on 6 heats and 
some 60 specimens of NC-2 (60 per cent 
nickel, 12 per cent chromium) gave the 
data for Table II. 

There is a slight tendency for better 
properties in the outer specimens, but 
the figures for bars from either position 
would be considered acceptable checks, 
except perhaps for tensile strength as 
cast, and one might expect that, were as 
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limit and yield strength values, that is, 
in tests where no large deformation is 
involved. The negligible difference 
shown for the tensile strength values at 
1800 F. is also of interest. 

Preliminary study of the data indi- 
cated that the marked variation might 
be connected with certain intended varia- 
tions in chemical compositions in three 
of the heats. 

Separate calculations were then made 
for three of the heats in which this 
variable was present in an amount such 
as thought not to influence the proper- 
ties, with the results shown in Table IV. 


MATERIAL AC 


SECTION SECTION 

SECTION GO SECTION 00 

SECTION it SECTION 55 


Fic. 8.—Hardness Survey of CN-36 Alloy. 


Brinell hardness numbers taken at '4-in. intervals and shown in respective locations of tested sections. 


many data available as for Table I, 
the differences would diminish. 

Similar calculations on 6 heats, ap- 
proximately 100 test bars, of CN-36 (25 
per cent chromium, 12 per cent nickel) 
type alloy gave the data contained in 
Table III. 

The rather general tendency for bet- 
ter properties in the outer specimens (A 
and D) and especially the rather large 
differences shown in the case of the 
tensile strength and ductility values of 
the as cast material and the tensile 
strength values of the aged material 
are too large to neglect. It is to be 
noted that the deviations are practically 
negligible in the case of the proportional 
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The relatively good agreement be- 
tween the values for outside and inside 
bars as shown in Table IV indicated the 
variations noted in Table III were not 
necessarily due entirely to the charac- 
teristics of the test block. 

Thus, an explanation for the effect 
of position may be further sought 
among the heats containing the sus- 
pected composition variable, to see 
whether or not this variable plays any 
part in imparting the positional differ- 
ences. 

Spare test blocks of a heat of CN-36 
alloy (material “AC”) which showed a 
rather marked difference between the 
tensile strength and ductility of the 
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outer and inner bars and another heat of 
CN-36 alloy (material “AE”) showing a 
rather good uniformity for bars from 
either position were sectioned as shown 
in Fig. 8 
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D of Fig. 4, it appears that the material 
actually tested, represented by sec- 
tions NN, QQ, and SS of Fig. 8 are a 
trifle more uniform in hardness in ma- 
terial than in 


material 


Fic. 9.—Macrosections of CN-36 Alloy Material “AC” (25 per cent Chromium, 12 per cent 
Nickel). 
Off chemical composition in regard to one chemical element. 
Tapping temperature—3100 F. 
Pouring temperature—2600-2500 F. 


Considering the end discards, and the 
locations of the breaking section of 
specimens from locations A, B, C and 


*Reference should be made to Fig. 4 for the portions 
of the block discarded and those used for test specimens. 


The etched sections of the two ma- 
terials show that in both cases the ma- 
terial actually tested (breaking section 
of test bars) is in the equiaxed crystal 
area. The only apparent difference is 
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that a little porosity or sponginess is 
present in sections PP and OO of ma- 
terial “AC.” It will be noted from the 
legends of Figs. 9 and 10 that material 
“AC” was not only off composition but 
that it was tapped at a much higher 
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properties of outside and inside bars, 
especially since the room temperature 
tests show that both strength and duc- 
tility are higher at the sounder locations 
1 and D. The possibility of a trace of 
porosity in the portion last to cool may 


temperature than “AE.”’ Whether this 
combination of compositional effect and 
high temperature, or some other vari- 
able, is responsible, it seems that the 
slight porosity at the inside locations is 
probably responsible for the variations in 


svOTMa: if chemical COMPOSILION Materiais ih iv. 
Tapping temperature—2600 F. 
Pouring temperature —2650-2580 F. 


nt Nick 


be a drawback in this test block as com- 
pared with test blocks of lighter section 
(Fig. 5 for example) but it may be sug- 
gested that some commercial castings 
have sections as large as those in the 
test block of Fig. 4. 
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The hardness survey and the etched 
structure raise the question whether it 
is really necessary to discard the outer 
strips. Perhaps still better reproduc- 
ibility might be had by using the outer 
(now discarded) strips rather than B 
and C, but using the sections now dis- 
carded might introduce some differences 
in crystal orientation. At any rate, 
the A and D locations, even in material 
“AC,” give very satisfactory uniformity. 
On the whole, among many lots of sev- 
eral different types of heat-resisting 
alloys, including some variants of those 
above mentioned, the test block bars 
returned consistent results, in the hands 
of many different foundrymen using 
somewhat varying melting practices. 

Further evidence of reasonable con- 
sistency of results is found in creep tests 
of a CN-36 alloy at temperatures of 1600 
to 1800 F. using inside (B or C) and out- 
side (A or D) bars from test blocks of a 
heat which showed a rather large differ- 
ence in the room temperature tensile 
strength and ductility of the outer and 
inner bars. When the creep data were 
plotted on the usual log-log graphs for 
stress versus rate of deformation, there 
was good agreement for the points for 
inside and outside bars for the tests 
both at 1600 and 1800 F. 

It is also noted that the deviations in 
short-time tests (Table III) tend to be 
smallest in proportional limit and yield 
strength values, that is, where no large 
deformation is involved; also, a rather 
good uniformity of tensile properties 
is shown for the outer and inner bars in 
short-time tests at 1800 F. 

On the whole, the A.C.R.I. test block 
appears to be serving its purpose of sup- 
plying a good ratio of test bars to weight 
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of metal cast and of giving results con- 
sistent enough to serve in the evaluation 
of variables in composition and in proc- 
essing. No claim is made that it is 
necessarily suitable for all heat-resistant 
alloys nor that it is the last word in 
suitability for the alloys studied. How- 
ever, its use has provided such consistent 
data on like alloys, prepared in many 
foundries, that one is encouraged to 
think that, in the study of a given vari- 
able, the number of duplicate sources 
from which material must be taken be- 
fore conclusions can be drawn from the 
results, may be cut down in comparison 
with the use of test blocks that are 
more “temperamental” in the hands of 
different operators. = 
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A Round-Table Discussion on Effect 
of Sub-Atmospheric Temperatures on 
the Properties of Metals, sponsored by 
the Joint Committee, of A.S.M.E. and 
A.S.T.M., on Effect of Temperature on 
the Properties of Metals, was held on 
Tuesday, June 27, 1939, in connection 
with the annual meeting of the A.S.T.M. 
at Atlantic City, N. J. 

Open discussion of the general subject 
followed the presentation of two pre- 
pared papers: 

“Factors Affecting Notched-Bar Im- 
pact Tests on Steel at Low Tem- 
peratures,” by Walter Crafts and 
John J. Egan? 

“Sub-Size Charpy Relationships at 
Sub-Zero Temperatures,” by H. 
Habart and W. J. Herge’* 

In opening the meeting, N. L. Mochel, 
Chairman of the Joint Committee, 
pointed out that, although most of the 
work of the committee had to do with 
the effect of elevated temperatures on 
metals, its functions included, as its 
title indicated, the effect of temperatures 
broadly— effects of sub-atmospheric as 
well as elevated temperatures. He 
called attention to the many applications 
of metals requiring service under stresses 
at low temperatures and the need for 
greater availability of data concerning 
the behavior of metals under such 
conditions. The committee has a Sub- 


1 Superintendent of Research, The Midvale Co., 
Nicetown, Philadelphia, Pa. 


2 See p. 659 
3 See p. 649. 
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RESUME OF ROUND-TABLE DISCUSSION ON EFFECT OF SUB- 
ATMOSPHERIC TEMPERATURES ON THE PROPERTIES 
OF METALS 


committee 13, under the chairmanship 
of Mr. Foley, which had organized the 
present session, principally for the 
purpose of bringing out some of the 
known facts bearing on the subject and 
as a stimulus to the proposed gathering 
of all available information in a form 
which, while it might not prove as 
extensive as the data which have made 
up the “Creep Data” book compiled 
by the Joint Committee, would serve 
the purpose in the low-temperature field 
that the “Creep Data” book is serving 
in the elevated-temperature field. Fol- 
lowing these remarks the meeting was 
turned over to Mr. Foley who presided 
and opened the general discussion, fol- 
lowing the presentation of the two 
previously mentioned formal papers, 
with a presentation of some data which 
were pieced together to give a general 
picture of the effect of sub-atmospheric 
temperatures on the notched-bar impact 
values of ferrous metals. 

The type of specimen used in his work 
was always the conventional keyhole 
notched Charpy specimen, 1 cm. square, 
the notch being 5 mm. deep. Table I 
gives results obtained with a variety of 
ferrous alloys, plain carbon steel, low- 
alloy steel and high nickel-iron alloys. 

The values in Table I were obtained 
on specimens taken from treated 1-in. 
sections. Simple annealing and an- 
nealing-and-drawing treatments were 
used as a rule to minimize to some 
extent the of in 
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Composition, per cent Charpy Impact, ft-lb. 
Condition Room | 
Car- Sili- | Nickey, Chro- Cop- Vana- | Tem- | —300 
bon con mium | per | num | dium | “ F. 
| 
0.32 | 0.44 | 0.23 | Annealed 20.45 | 8.99| 3.75 | 0.48 
Annealed and drawn | 23.88 | 7.05 | 2.95 | 0.48 
0.20 0.85 0.15 Annealed 35.83 | 24.70 0.68 0.68 
Annealed and drawn | 41.40 32.28 | 2.14) 0.48 
0.24 | 0.47 | 0.20 0.78 0.39 Annealed | 45.10 | 32.28 | 1.50| 0.88 
Annealed and drawn | 48.55 | 36.95 | 1.08 | 0.68 
.26 0.42 0.22 0.79 0.25 Annealed 51.16 | 46.85 | 24.27 0.88 
Annealed and drawn | 57.80 | 43.89 14.32 | 0.88 
0.16 1.13 0.15 Annealed 52.90 | 49.47 1,71 0.48 
Annealed and drawn | 53.83 | 47.29 | 26.37 1.08 
0.12 1.13 0.20 0.21 Annealed 59.16 | 63.27 | 37.18 2.41 
Annealed and drawn | 63.26 | 58.29 | 45.99 | 0.88 
0.10 0.45 0.19 | 3.41 Annealed | 56.96 | 43.47 | 35.29 1.09 
Annealed and drawn | 55.15 | 58.71 | 48.55 | 1.09 
0.12 | 1.02 | 0.17 | 3.77 Annealed 32.66 | 17.98 | 8.89 | 1.73 
Annealed and drawn 49.03 | 38.57 | 24.56 | 1.94 
Quenched and drawn | 52.47 | 40.21 | 43.17 | 3.02 
0.12 0.48 0.17 3.25 0.19 Annealed 54.67 55.56 | 48.13 1.29 
Annealed and drawn 62.80 | 58.57 | 57.35 | 2.58 
0.14 | 0.49 | 0.18 | 1.10 2.22 Annealed | 60.48 | $3.35 | 44.31 | 1.10 
Annealed and drawn | 62.23 | 59.17 | 46.42 | 1.30 
0.12 | 0.45 | 0.18 | 3.58 | (0.27 Annealed | 44.73 | 44.31 | 36.35 | 14.73 
Annealed and drawn | 49.42 | 51.16 | 39.78 | 2.14 
0.12 | 1.09 | 0.12 | 3.39 | 0.28 Annealed | 36.57 | 25.04 | 5.12 | 1.29 
Annealed and drawn | 56.02 | 54.24 | 28.51 2.58 
Quenched and drawn | 59.62 | 59.12 | 46.18 | 3.71 
0.10 | 0.34 | | 5.13 Annealed 38.15 | 28.52 21.27 | 1.71 
Annealed and drawn | 41.39 | 38.15 | 26.37 2.81 
0.16 | 1.80 0.28 | 50.4 ; 1800 F. water 81.24 | 58.27 | 87.07 | 75.90 
0.27 | 1.64 | 0.28 | 58.8 2050 F. water | $4.22 43.06 
TABLE Il. 
* Composition, per cent Charpy Impact, ft-lb. 
| Mo- | Size Treatment = (Room 
Car- | | Siti- | Chro- | lyb- Tem- —75 —150 | —300 
bon con mium de- | pera-| F. F. 
num = ture 4 
0.27 1.64 | 0.28 | 59.8 0.15 4 in. square As forged 57.8 | 54.2 
1700 F. air-quenched 49.0 54.2 
2050 F. water-quenched 47.3 61.3 
0.24 | 0.42) 0.40 | 9.50 18.5 | .... | 2in. square | As forged 21.1 | 
| | 1750 F. air-quenched 26.7 10.0 
2050 F. water-quenched 56.0 47.3 
0.11 0.35 0.10 3.25 0.08 | 0.25 1 in. plate 1600-air dt ee 
{Hai 37-4 | 42.2 | 37.8 
| Rings 1200-furnace 31.9 | 23.8] 
0.14 | 0.33 | 0.63 9.30 18.6 | .... | 1 by 6-in As cast 
Casting 1900 F. water-quenched 
0.15 0.25 0.11 3.22 0.15 | 0.27 1 by 6-in. Normalised 27.0 
Casting 
| Draw } 28.9 | .... 
0.08 | 0.26) 0.09 3.35 0.10 | 0.25 | 1 by 6-in. Normalized 29.6 | 
| | Casting Air-quenched 25.3 
| Draw 22.5 | 
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retarding transformations and thus to 
permit applying the relative values to 
pieces of larger dimensions without too 
much disparity. There appears to be 
some reason for drawing the conclusion 
that some elements appear to act as 
“specifics,” to use a medical term, for 
low-temperature service. This appears 
to be true in pearlitic steels of manga- 
nese, nickel, copper and vanadium up to 
limited percentages. On the other hand, 
carbon and silicon appear to be contra- 
indicated. Whether this be true or 
whether it is the effect of elements on 
the resultant metallographic structure 
is a debatable question. Certainly struc- 
ture is a factor of great importance 
since it is possible with plain low-carbon 
steel to obtain high values, even at liquid 
air temperature, if the piece be small 
enough to undergo thorough quenching 
and then be completely drawn. Added 
elements may then owe their beneficial 
effect to their influence on the structure, 
or perhaps the effect is the result of the 
combined influence, directly as a specific 
and indirectly in creating a proper metal- 
lic structure. 

Austenitic steels are generally well 
known to maintain a high degree of 
toughness at low temperatures. This 
is shown by the results obtained from 
the examples of 50 to 59 per cent nickel 
which have notched-impact values at 
liquid air temperature as high as or 
higher than pearlitic steels have at 
atmospheric temperature. 

Sizeable forgings of the low-carbon- 
nickel-molybdenum steel have been pro- 
duced commercially having Charpy 
impact values at —150F. of over 15 
ft-lb. Not only can good values be 
obtained with forgings of this type of 
ferritic steel, but practically as good 
values are found in the same composition 
of castings as well. Some test results 
from larger sizes of forgings and castings 
are given in the accompanying Table II. 

In general, it was Mr. Foley’s opinion 


that the production of good toughness at 
sub-atmospheric temperature, as indi- 
cated by the notched-bar impact test, 
depends largely on homogeneity of the 
metal with respect to both structure and 
freedom from internal stresses. Tensile 
properties at low temperatures hold 
little practical. interest since in no case 
have they been found to be adversely 
affected by refrigeration—invariably be- 
ing higher than at room temperature. 

H. K. Huester, in discussing the prob- 
lem from the point of view of metals for 
aircraft, cited values obtained at — 80 C. 
(—176F.) at the National Bureau of 
Standards. The tensile strengths and 
yield points of S.A.E. steels and of 18 
per cent chromium, 8 per cent nickel 
alloy were found to be higher at — 80 C. 
(—176F.) than at room temperature. 
S.A.E. 4130 steel, with a tensile strength 
of 280,000 psi., had 10 ft-lb. Charpy 
value at —80C. (—176F.). Engine 
mount bolts of S.A.E. 2330 steel, with a 
tensile strength of 150,000 psi. had 30 
ft-lb. impact value at the same tem- 
perature. Aircraft engineers would like 
to have tough steels, at temperatures 
encountered by aircraft, with a tensile 
strength of 250,000 to 300,000 psi. 
With 180,000 psi. tensile strength the 
impact value of S.A.E. 4340 steel fell 
from 40 ft-lb. at room temperature to 
25 ft-lb. at —80 C. (— 176 F.) and “Two- 
Score” with 16 per cent chromium, 1 
per cent nickel and a tensile strength of 
220,000 psi. had a value of 23 ft-lb. at 
room temperature and but 12 ft-lb. at 
—80C. (—176F.). 

Results of sub-atmospheric tests of 
copper and copper-base alloys were 
presented by Smith* of the American 
Brass Co. This subject was covered 
quite completely in the 1931 Symposium® 

‘Cyril Stanley Smith, ‘Mechanical Properties of 
Copper and Its Alloys at Low Temperatures: a Review,”’ 
yi | on Effect of Temperature on the Proper- 
ties of Metals, published jointly by the American Society 
for Testing Materials and The American Society of Me- 


chanical Engineers (1931). (Available as a separate 
publication.) 
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and the results presented by Mr. Smith 
serve to bring it up to date. Few 
words are required to sum up the data 
which show that commercial wrought- 
copper alloys have greater toughness 
and higher strength when refrigerated 
than at room temperature, and castings 
are nearly as good. 

Nickel and nickel-base alloys were 
discussed by B. B. Morton of the Inter- 
national Nickel Co. As in the case of 
copper and its alloys, nickel and its 
TABLE VALUES OF “INCONEL,” 

MONEL, AND NICKEL AT SUB-ZERO 
TEMPERATURES. 
Data from Research Laboratory, The International 
Nickel Co., Inc. 


Charpy Impact, 
(ft-Ib.) 45-deg., 
V-notch 
Material Treatment | go! 
“Inconel” (80%,| Hot-rolled 236 | 206 | 187 


Ni, 13% Cr, | Cold-drawn-center 33*| 34%| 28° 
75% Fe, car- | Cold-drawn-outside 33° 


bon, etc.) Annealed at 1600 F. 128 | 126 | 112° 
Monel (69% Ni, | Hot-rolled 219 213 | 196 
29% Cu) Cold-drawn-center 161 | 143 | 131° 


Cold-drawn-outside | 135 | 129 122 
Annealed at 1400 F. | 215 | 219 | 207 


Nickel ; Hot-rolled 135 | 236 | 227 
Cold-drawn-center 185 | 205 | 210 


Cold-drawn-outside 190 | 236 | 208 
Annealed at 1400 F. | 216 | 236 | 234 


Specimen completely fractured. All other values 
are for specimens that had broken only partially. 


alloys suffer no deterioration either in 
strength or toughness as a result of 
exposure to sub-atmospheric tempera- 
tures. Mr. Morton’s results were ob- 
tained on a 45-deg. V-notch Charpy 
specimen. Table [II gives values for 
“Inconel” (80 per cent nickel, 13 per 
cent chromium, 7 per cent iron, carbon, 
etc.), monel metal (69 per cent nickel, 
29 per cent copper) and pure nickel. 
Mr. Morton called attention to the 
fact that only in the case of cold-drawn 
metal did complete fracture ever occur 
in the tests. The tensile strength of 
70,000 to 85,000 psi. and yield strength 


of 30,000 to 40,000 psi. of monel metal 
undergo an increase of 40 to 60 per cent 
at very low temperatures, and the same 
is true of nickel and “Inconel,” their 
properties being of the same order as 
those of monel. All of these metals 
lend themselves readily to welding 
without loss of physical properties in 
the weld metal or the parent metal as a 
result of refrigeration. 

While the non-ferrous metals copper 
and nickel suffer no ill effects due to 
refrigeration, Mr. Foley observed that 
there still remain many fields of service 
where ferrous metals, even though they 
do vary in their response to the influence 
of low-temperature exposure, have to be 
used. With this observation the meet- 
ing was opened for general discussion, 
which concerned almost exclusively the 
adaptability of ferrous metals to use at 
sub-zero temperatures. 

V. T. Malcolm observed that double 
normalized 3.25 per cent nickel, 0.25 per 
cent molybdenum steel gave a value of 
30 ft-lb. at —150 F. and had been used 
to replace 18 per cent chromium, 8 per 
cent nickel in some instances. Valves 
for helium plants of 65 per cent copper, 
10 per cent tin, 15 per cent lead are still 
in place after 7 to9 yr. of service. V.N. 
Krivobok called attention to the fact 
that details of fabrication had not, been 
presented in connection with results 
obtained and that the temperature of 
finish forging and rolling often has a 
profound influence on the impact values 
subsequently obtained after heat treat- 
ing. A. V. de Forest suggested that 
Charpy values on notched specimens 
were useless unless applied to structures 
having notches. The way to overcome 
notch brittleness is to do away with the 
notch, and engineers must constantly 
visualize notch effects. It was _ re- 
marked by Mr. Foley that it is not 
always the intentional notch that causes 
failure, but it is the inadvertent notch 
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that must be assumed to be present. 
Sufficiently sharp notches will cause 
fatigue failure at any temperature. 

M.S. Northup stated that petroleum 
plants are being operated successfully 
at —150 F. after proper study of low- 
temperature effects. Practical applica- 
tions are going ahead without waiting 
upon theoretical analysis of causes of 
brittleness, impact testing being used 
broadly as a criterion of quality. G. F. 
Jenks made a plea for more detailed 
information concerning failures, their 
origin and cause. Most failures, he 
observed, were due to minor defects 
and these minor defects must be found 
in order to make progress. 

H. J. French summarized low-tem- 
perature effects in an extended discus- 
sion. Strength was not the criterion. 
To carry the case to extremes, of two 
metals both having 100,000 psi. tensile 
strength—one having zero elongation, 
zero reduction and zero impact value 
and the other 25 per cent elongation, 50 
per cent reduction of area and 100 ft-lb. 
impact value—surely the former is very 
dangerous and the latter quite safe. 
Impact resistance is an item of confi- 
dence. The nickel-chromium austenitic 
stainless steels have high low-tempera- 
ture impact values but are relatively 
expensive. Ferritic steels, on the other 
hand, are cheaper but they may or may 
not retain their toughness. He listed 
five influential factors affecting the low- 
temperature toughness of ferritic steels: 
(a) low carbon content, (b) deoxidation 
practice used in melting, (c) alloy con- 
tent, (d) structural refinement and 
homogeneity and (e) internal stresses. 
If under (a) the carbon content is high a 
heat treatment, not always a practical 
one, is necessary. Under (b) he ob- 
served that deoxidation with silicon and 
manganese is less desirable than killing 
with aluminum because of grain size 
effect. Under (c) carbon content has to 
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be balanced with proper alloy content. 
Of two low-alloy steels, one with carbon 
0.10 per cent, the other with carbon 0.23 
per cent, the lower carbon steel can be 
fabricated readily and even be over- 
heated in normalizing without seriously 
lowering the impact values at room 
temperature and at —50 F. Under the 
same conditions, but with carbon 0.23 
per cent, overheated areas may give 
satisfactory values at room temperature 
but, when cooled to —50F., the steel 
may show only a fraction of the impact 
value developed in the fine-grained con- 
dition. By proceeding with the given 
factors, under proper consideration, fer- 
ritic steels can be produced having 
values of over 15 ft-lb. up to 40 ft-lb. 
at temperatures as low as —150 to 
—200F. Mr. Foley stated that he was 
not so sure that a fine McQuaid-Ehn 
grain size was essential to good low- 
temperature impact resistance. He had 
determined the McQuaid-Ehn grain size 
of a nickel-molybdenum steel which gave 
excellent values at —150F. and had 
found it to be coarse. It was his 
opinion that the grain size conferred 
by heat treatment, which was quite 
small in the case cited, was the true 
criterion and not that developed in the 
standard McQuaid-Ehn test. He was 
therefore not convinced that aluminum 
deoxidation was essential. 

H. C. Cross stated that the grain size 
effect could be studied by using steels 
in possession of the Joint Committee, 
which were available as a result of work 
done on the effect of grain size on ele- 
vated temperature properties. 

There was an opinion that it was as 
much the form and distribution of the 
ferrite and pearlite as it was the grain 
size which determined the resistance to 
notched-bar embrittlement at sub-at- 
mospheric temperatures, but the facts 
of the matter remain to be proven. 


r 
n 
a 
> 
oO 
it 
t- 
at 
le 
of 
ed 
er 
es 
er 
ill 
ict 
en 
Its 
1es 
at- 
rat 
res 
me 
the 
tly 
2g 
re- 
not 
ses 
tch 


= 


MECHANICAL PROPERTIES OF COPPER AND ITS ALLOYS AT 
LOW TEMPERATURES: A REVIEW 


In 1931 Russell (1)* contributed to the 
A.S.T.M.-A.S.M.E. Symposium on Ef- 
fect of Temperature on the Properties 
of Metals a complete discussion of all 
but the earliest literature relating to the 
properties of metals at subatmospheric 
temperatures. The following is an at- 
tempt to summarize the literature of 
intervening years in so far as it relates 
to copper and its alloys. A few data 
from the files of the American Brass Co. 
are presented for the first time. 

The outstanding research of the period 
under discussion is that of Colbeck and 
MacGillivray (2) who describe the tensile 
and impact properties of a representa- 
tive wide range of materials at temper- 
atures down to that of liquid air. Their 
results are summarized in Table I. 
Krupkowski (3) and Broniewski and 
Wesolowski (4) studied, respectively, the 
properties of copper and three brasses 
in boiling liquid air (—180C.) and in 
acetone and solid CO. (—78C.). Their 
researches are valuable in that they show 
the variation of hardness, impact resist- 
ance, and tensile properties of the same 
materials over the whole range of tem- 
perature from —180C. to the melting 
point. The low-temperature tests alone 
are summarized in Table II. de Haas 
and Hadfield (5) have performed tension 


1 Research Metallurgist, The American Brass Co., 
Waterbury, Conn. 

2 The boldface numbers in eee peo refer to reports 
and papers appearing in the list of references appended 


to this paper, see p. 648. ue 
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tests on copper and a cast bronze at the 
temperature of liquid hydrogen (Table 
III), the lowest temperature at which 
tests have been performed. Pester (6) 
determined the strength of cold-drawn 
copper wires of various diameters at 
temperatures down to —60C. (Table 
IV). In addition to the tension test 
results shown in Tables V and VI, 
Pester (7) and Kuroda (8) have given 
stress-strain curves for hot-rolled and 
annealed copper, respectively, at vari- 
ous low temperatures.’ Tests on brass 
made by Smirnov and Chernjak (10) are 
available only as an abstract which 
gives the results shown in Table VII, 
with no details of the heat treatment of 
the samples or method of testing. 

Hitherto unpublished figures for the 
tensile properties of a silicon bronze 
(Everdur) at low temperatures are 
given in Table VIII. Table IX shows 
the impact properties of deoxidized 
copper and five copper alloys. 


3 It is significant that neither of these shows the “‘yield 
point”’ extension of copper that Schoenmaker (9) reported 
at low temperatures. Kuroda’s extensometer is some- 
what crude but Pester’s would undoubtedly detect any 
discontinuity in the elongation curve if it occurred. de 
Haas and Hadfield report a value for the ‘“‘drop-of- 
beam” yield point for copper at low temperatures but 
since they also report a value of 26,900 psi. for annealec 
copper at room temperatures, their values cannot be taken 
seriously. Colbeck and MacGillivray note “not observed” 
for the drop-of-beam yield point of annealed copper 
at all temperatures. The Polish investigators give “‘elas- 
tic limits” determined from low-magnification Amsler 
recorder curves but make no comment on discontinuous 
behavior of any materials. On the whole the evidence 
seems to be against the existence of a yield point extension 
without stress increase in copper at any temperature. 
Further work is desirable on this point. Annealed brass 
generally does show a definite yield point with a small 


decrease of stress even at room temperature. ‘ 
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rags TABLE I.—TENSILE PROPERTIES OF COPPER ALLOYS 
7 Colbeck and MacGillivray (2) 1933. 
Tests on 0.504-in. 
Tests on 0.25-in. Diameter Specimens Di ter Specimens 
Material Property* | cl « 
| ot | | | | BT] | 
| 22 | SL | | Se el 
Copper 31400 | 32000 | 33800 | 38500 41200 | 58 000 33 100 51 200 
99.985% Cu 8 8 900 9200 10100 | 10800 | 11 500 
(Annealed) ; cl 48 40 47 47 45 58 53 67 
76 78 77 74 70 | 77 | 75 75 
43) — 45 44 45 | 50 
Cupro Nickel 51.500 | 56200 | 59600 | 61.600 | 66.000 | 73700 | 59000 | 81400 
79.71% Cu 27700 | 28700 | 29000 28900 29200 | 32500 45 200 48 500 
20.58% Ni 26 28 29 29 28 36 38 44 
(Annealed) | et 78 77 77 76 75 72 72 71 
77 81 79 84 85 | 
le Cupro Nickel ee 60 000 | 66100 | 67600 | 72200 | 77100 | 89700 | 65700 | 88 200 
+} 54.36% Cu | Aiea 19600 18400 | 21000 | 22 100 24100 | 26 300 44 200 53 800 
“nh 45.78% Ni | ae 40 47 43 48 48 57 39 60 
6) (Annealed) | 77 78 78 75 74 76 72 74 
81 85 81 83 86 
mm Copper Nickel TS.........| 70800 | 77500 | 80000 | 85300 91700 |112 700 66 500 98 200 
at 28.86% Cu ss deve 20 900 | 25 500 | 24900 | 27100 | 28600 29600 | 28600 | 38 000 
69.58% ee 41 48 47 40 41 51 48 59 
le Kunected) ec 75 77 76 74 74 72 71 69 
st Izod 90 _— 93 90 93 97 _ _ 
TI Brass 70-30 » Se 51100 | 53100 | 54700 | 57100 | 61200 | 73 500 54 100 73 500 
’ 69.56% Cu ee 28 200 | 28600 | 26900 | 27300 | 28000 | 29600 | 36 500 43 000 
en 30.50% Zn ed aes. ku 49 49 58 60 55 75 58 81 
(Annealed) | RS 77 77 77 79 78 73 75 74 
nd Izod 66 — 66 | 69 71 79 a — 
ri- Nickel Silver See 75 300 | 76200 | 78200 | 83100 | 89800 104200 | 74400 | 102 200 
55.15% Cu 1 ae 27 900 | 27800 | 28600 | 27500 28800 | 28400 | 32300 45 100 
iss 30.50% Ni nn itr Sp 33 | 32 34 39 38 41 43 48 
14.30% Zn i a 53 50 52 52 52 55 58 58 
ire (Annealed) Re 80 — | 87 | 83 80 87 _ — 
ich Manganese Bronze a 72400 | 70300 | 75500 | 75500 | 80900 | 94 800 71 700 96 200 
Il 56.45% Cu 1.25% Pb eae a 24 000 | 22500 | 27000 | 27000 | 27 800 | 28 800 35.000 | e 
’ 38.85% Zn 1. 08% Fe Fae 28 | 33 29 31 35 37 36 35 
of 1.43% Mn 0.90% Sn See arsS 4 41 45 43 45 41 41 3 
(Annealed) 20°} — 21° 22° 21° 21°; — _ 
Aluminum Bronze 77 200 | 77000 | 78900 | 82600 | 88 000 | 96 000 77 600 78 300 
the 91.1% Cu 1.02% Zn _. eee 26 600 | 26800 | 26900 | 27100 | 27600 | 29 200 39 000 e 
0. 44% Mn 7.31% Al es iba 26 33 35 31 32 29 33 32 
1ze (Annealed) 7 29 30) 36 30 31 30 34 28 
Izod....... 24°; — 24° 24° 21° 21° 
are 
WS Cu-Ni-Al Alloy = | TS......... 51500 | 49500 | 55800 | 57400 | 61.600 | 67 200 
92.3% Cu 11400 | 13600 | 16100 | 16300 15000 | 22 900 
zed 5.86% Ni ERE 42 40 41 43 44 49 
| eae 80 80 80 79 82 82 
yield “u-Ni-Al Alloy 91 000 100 (105 700 100800 108 000 100 
drew ““Quenched from 900 C.; Re- | YP........ — 54900 | 61600 | 51500 63400 | 54900 
‘heated 2hr. at SS0C.) | El... 22 25 23 26 26 
@ 57 37 63 67 
Copper Beryllium 186 600 189500 188800 2016u0 197800 214 400 
2.56% Be 125400 126600 118500 147400 (138900 155 000 
aken (Quenched from 800 C.; Re- | El......... 2.6 0.8 0.4 | 0.4 0.4 | 3.0 
heated 2 hr. at 300 C.) § 6, 
sper Izod....... 2 3° 3 3 
Copper Beryllium 76200) — — |86700 — — 
2.56 Be , 24900 — — | 2100 | 50000 
Jence (Quenched from 800 C.) 36 38 41 
nsion 50 54 57 
Izod 41) — — | 40 
small @ TS = Tensile Strength, psi. Specimens machined from 1-in diameter commercial rods. 
: YP = Yield Strength, 0.1 per cent offset. On large samples by drop of beam. Single test. 
El = Elongation in 2 in., per cent. ‘ 
RA = Reduction of area at fracture, per cent. 
Izod = Impact resistance, ft-lb., Izod specimens. 
b Specimen broken all others unfractured. 
© Yield point not observed. : 
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Krupkowski (3)—1931. 
Broniewski and Wesolowski (4) —1933. 


-PROPERTIES OF COPPER AND BRASS AT LOW TEMPERATURES. 


SMITH ON PROPERTIES OF COPPER AT LOW TEMPERATURES =a 


Material 8 5 
Sw 
ai | 2 | | 
‘3 | os 
deg deg. | | 38 
Cent Fahr. ~ = (5) | 2 
Electrolytic copper, annealed 1 hr., 20 "eee 5500 | 34 300 50.5 44.0 
700 C —78 —110...... 14200 | 41600 50.0 40.8 
—183 ee 12400 | 52 000 50.5 41.9 
Electrolytic copper, commercial | 20 __ an Oe 53400 58 700 8.4 0.0 
cold worked —78 —110 | 58100 | 60 500 12.0 0.0 
—183 —295 59700 64 800 11.2 0.0 
Brass, 33% Zn annealed 2 hr. 550 C. 23 73 39 300 | 57 000 50.4 41.7 
—78 —110...... 43 700 | 61 200 49.8 40.7 
—183 —295...... 57 200 | 76 400 50.8 44.5 
Brass, 33% Zn cold worked 40% 23 we 84600 85 400 6.3 0.5 
reduction —78 —110 91.800 | 92 500 7.8 0.0 
—183 —295 . 101 700 102 900 10.1 1.6 
Brass, 40% Zn annealed 2hr.550C. 68 119900 | 57600 | 51.3 | 40.6 
—78 —110.. | 22500 | 61 200 53.0 41.5 
—183 —295 | 28500 | 75800 | 55.3 44.2 
Brass, 40% Zn cold worked 25% 21 70 56 900 | 79 700 19.8 9.8 
reduction —78 —110 59900 83 000 21.0 11.1 
—183 —295 80100 | 98 400 24.4 14.5 
Leaded brass —. Zn, 1.3% Pb 20 68 20 600 | 52 800 50.2 41.3 
annealed 2 hr. 550 C. —738 | —110 24600 | 54600 49.8 | 42.4 
—183 —295 28900 69 000 50.6 44.0 
Leaded brass, 40% Zn, 1.3% Pb 22 ; 45800 63 800 28.2 21.0 
cold worked 12% reduction —78 —110 54100 70400 27.0 20.8 
—183 —295 69900 | 86600 8 22.9 


Tests on Copper by Krupkowski using 4.5-mm. diameter specimens. 
Tests on Brass by Broniewski and Wesolowski using test specimen 5 mm. in diameter. 
have been corrected. 
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TABLE III.—TENSION TESTS IN LIQUID HYDROGEN (—253 C.). 
de Haas and Hadfield (5)—1933. 
Elongation, 
Temperature of Test Yield Point| Tensile cont 
Material (drop-of- | Strength, ( og 
beam), psi. psi. length, os 
| deg. Cent. | deg. Fahr. mm. diam.) 
Copper 
W Room Temperature 26 900 (!) 38 800 37.5 
| 
Phosphor Bronze 
10.0% Sn, 1.61%Zn, 88.38% Cu...... Room Temperature 29 400 45 500 30.0 
As cast —423 46 400 58 000 18.0 


Reduction 
of Area, 
per cent 


36.0 
38.5 


The reported y yield and tensile strength figures of annealed copper at room temperatures are much higher than would 


normally be expected 
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Discussion of Results: 


Little comment is needed on any of 
these results. In practically every case 
the yield strength and tensile strength 
of wrought copper alloys increase as 
the temperature drops, and the ductility 
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increases, sometimes considerably. The 
increase in ductility is generally greater 
in the range —120 to —180C. than 
between room temperature and — 120 C. 
It is to be noted that while the elonga- 
tion increases, the reduction of area 
changes little and sometimes shows a 


TABLE IV. TENSILE PROPERTIES OF DRAWN Small decrease; this is a result of greater 
WIRE. . . 
uniform extension before necking down 
ak commences. Colbeck and MacGillivray 
of Test = 28 z report tests on different diameter speci- 
Material? | 2 | | | mens which do not always agree in the 
siz 
= effect of temperature. The greatest dif- 
2 8 ference is in the case of aluminum bronze 
| and manganese bronze which when 
mm. diam. 2 | 2 69100 | 1.8 $6 tested as 0.5-in. diameter specimens in 
—30 | —22 | 70400 1.9 34 liquid air decrease in both elongation and 
—60 | -76 | 72000 2.0 58 
reduction of area but if they are tested 
Copper, 2.8- 20 68 62600 2.0 56 . . . a: 
32 04 10 | 2:5 37 as 0.25-in. diameter specimens an in 
| -4 | 65400 | 2.5 58 : 
| crease in both ductility figures occurs. 
| -76 | 68400 | 3.5 56 
Copper, 3.6- 20 68 58 700 2.0 57 TABLE VI.—TESTS ON a COPPER. 
mm. diam. 0 32. 59900 | 2.1 57 Kuroda (8)—1932 
| | 61300| 2.0 57 wow 
—30 | 62200 3.0 57 mperature Ese es 
—60 | 64100 4.0 57 ot Test = 8 
“Bronze,”2.1- 20 | 68 | 90100 1.6 70 | 
mm. diam. 0 32 | 92500 1.7 71 Material | | 
| | 94000] 1.7 69 3 | 
“Bronze,” 2.8- 20 68 | 85300 | 1.9 = 3 | | 
mm. diam. 0 32 86600 1.8 70 
—20 —4 | 88000 | 1.9 69 Copper Sheet 16 | 61 | 32000 35 
—30 | —22 | 88400 | 2.1 72 3mm. thick,| —60 —75 | 35 500 37 
—-60 | -76 | 90800 2.0 70 quenched —80 |—112 | 37700 37 
- from 800 C. |—120 _—185 | 39800 37 
* Copper wire was drawn from hot-rolled rod 6. 35 mm. —180 |—292 5 36 
in diameter to size tested without annealing. Bronze 
wire drawn from hot-rolled rod 10 mm. in diameter. In Copper Wire 25 77 
all cases specimens were held 24 hr. at temperature before 5-mm. diam.| —60 | —75 
testing. ata are read from curves as no tabular results annealed —120 |—185 
are given. A later paper (7) gives the composition of |—180 |—292 


bronze as 99.5 per cent copper, 0. 5 per cent magnesium. 


‘nit eis TABLE V.—TENSION TESTS ON HOT-ROLLED COPPER. 
| a | Elongation, | 
Temperature of Test Yie Tensile | reent | Reduction 
Material Strength, | Strength, | ‘!00-mm. | “of Area, 
0.2 per cent | i } gage per cent 
— | Offset, psi. -- length, 20- 
deg. Cent. | deg. Fahr. mm. diam.) 
Electrolytic Copper 99.96 to 99.98% Cu 20 68 7100 31 300 55 70 
hot rolled to 40 mm. square —20 —4 7100 33 800 56.2 70 
-60 | —7%6 7800 36 400 57.3 | 67 
—77 —107 7100 37 600 57.2 68 
Copper 99.5%, Mg 0.5% hot rolled to 20 68 8500 36 300 57.2 81 
40-mm. square —20 —4 8400 38 600 61.5 80 
—60 —76 8800 40 100 60.8 78 
-77 —107 9900 42 900 62:5 | 81 


These values are read te curves as no tabular results are given in the paper. 


Bea 
its 
= 


646 
| Tensile 
Material Strength, 
deg. Cent. | deg. Fahr. 
Brass: 58.9% Cu 20 68 60 400 
38.7% Zn —183 —297 82 500 
1.5% Pb 
Brass: 57.14% Cu 20 68 51 900 
40.75% Zn —183 —297 
0.69% Pb 
0.90% Fe 
trace Mn 


SMITH ON PROPERTIES OF COPPER AT LOW TEMPERATURES 
TABLE VII.—TESTS OF SMIRNOV AND CHERNJAK (10)—1936. 


Elongation, | 
per cent 


mpact 


Reduction | Resistance, | _ Brinell 
of Area, | io | Hardnes 
g-m. per | araness 
pe sq. cm. 
47 5.95 94 
32.4 5.32 124 
19.9 | 5.23 94 
19.2 | 5.18 113 


TABLE VIII.—TENSILE PROPERTIES OF EVERDUR 
AT LOW TEMPERATURES 


Tests made in 1932 at the National Bureau of Standards 
for the American Brass Co. Materials contained 2.75 per 
cent silicon, 0.97 per cent manganese, 0.15 per cent iron, 
balance copper. Commercial rod annealed at 0.656 in, 
and cold drawn to 0.5 in., the final size. Amsler machine. 
Speed of loading about 20, 000 psi. per min. 


Temperature of Test Tensile Elonga- Reduction 


Strength, tio of Area, 
deg. Cent. | deg. Fahr. psi. per cent | Per cent 
25 74 39.8% 75.1% 
0 32 76 200 31.2 70.4 
—0 —112 82 900 31.7 72.4 
—190 —310 100 500 36.2 | 72.5 


* Tests on rod 0.5 in. in diameter. All other tests on 
specimens turned to 0.25 in. in diameter. Average of 2 
tests. 


Temperature 


FATIGUE TESTS ON BRASS AT LOW 


TEMPERATURES. 


Boone and Wishart (12)—(1935). 


Endurance Limit, psi., 
50 X 10° cycles 


Sharp 


deg. Fahr. | Unnotched 


Notch 

80 26 000 17 000 
10 17 500 
—20 27 500 16 500 
—40 27 000 17 500 


Krause machine. 0.25 in. brass rod containing 62 
cent copper, 33 per cent zinc, 3 per cent lead. Annealed 
; hr. at 650 F. 


(345 C.) and furnace cooled. 


TABLE IX.—IMPACT TESTS ON SOME ANNEALED COPPER ALLOYS. 


Silicon 
Bronze 
Yield strength, psi., 0.5 per cent elonga- 
tion under load. 29 900 
Tensile strength, psi 62 400 
Elongation, per cent : 65.5 
(2-in. gage length, 0. 7-in. diam.) 


Charpy Impact Resistance ft-lb. 


Copper 


0.025 | 


“Pp” 43 “B” 49 55 | 64 


30 per cent | 
Deoxidized re Cupro Adgiraty 
Nickel 
99.950 74.28 69.27 | 70.57 
oma 5.43 0.62 28.44 
0.01 
0.95 
0.03 
19.49 29.54 
0.80 0.57 
8290 | 35200 34 200 13 300 
32 600 54 700 57 600 46 500 


43.0 53.5 | 83.5 


| 


—115 C. (—175 64.5 16.9 48.2 
—80 C. (—110 F 69.2 17.9 46.3 
—-50C. (—60F. 73.1 18.1 43.7 

—wC. 9 F j 74.6 18.3 44.7 
—18 C. (0 80.1 17.6 43.9 
3C. (38 73.3 16.1 46.6 
20 C, (70 66.4 16.1 46.8 
65C. (150 59.8 14.7 38.7 
120C. (250 55.0 13.6 36.0 
C. (400F 50.2 11.7 32.7 


205 


Tensile tests at room temperatures on specimens 0.7 in. in diameter. Impact tests made by Battelle Institute ii in 
1936 for American Brass Co. All alloys were tested in annealed condition. Standard Charpy specimens (keyhole notch) 
cut from %4-in. diameter rods. 120 ft-lb. seas med machine used. Specimens tested in standard time of 5 sec. after re- 
moval from bath at stated temperature. vere at —115 C. were frozen in ether with liquid air and allowed to heat 

Figures are average of three tests. 


to testing temperature. All others in bat min. at testing temperature. 
Charpy specimens were unfractured except those of Tobin Bronze. 
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In cold-worked material the percent- 
age improvement of strength at liquid 
air temperatures is about the same and 
the improvement of ductility is generally 
greater than in annealed material. 

Castings show a curious difference in 
behavior from wrought materials. Ten- 
sion tests on the cast bronze reported by 
de Haas and the wider range of cast 
materials tested by Strauss (11) (in- 
cluded in Russell’s 1931 summary) al- 
ways show less ductility at low temper- 
atures than at normal ones. Both elon- 
gation and reduction of area figures 
show this, although the strength in- 


TABLE XI.—HARDNESS OF ANNEALED COPPER. 


Temperature Hardness 
Reference and Test | 
Method deg. deg. ar)’ 
Cent. | Fahr. | kg. persq. mm. 
Engel and Katz (13), 85 185 45.7 
1937 70 158 46.7 
Cone penetrator, 120- 55 131 47.8 
deg. angle 20 | 68 49.1 
Copper (composition —4 | 25 50.0 
not stated) | 50.8 
Annealed 1 hr. at —35 | —32 51.5 
about 1000 C. —-53 | —64 52.2 
—94 53.9 
| —87 —125 54.5 
=108 | —162 55.6 
891 57.6 
—133 —207 59.2 
—143 | —225 60.2 
—191 —313 61.7 
Holm and Meissner 20 68 2.0 (2.5 kg.) 
(14), 1932 —273 —459 | 4.0 (5 kg.) 
Ball penetrator, 2.5- —273 —459 | 4.1 (10 kg.) 
mm. diam. 
“Very pure copper,” | | 


annealed 


creases just as in wrought material. 
This may possibly be nothing but an 
effect of grain size. 

The rotating-beam tests of Pester (7) 
on wires of copper and a copper-mag- 
nesium alloy show an increased number 
of reversals to fracture at —60 C. com- 
pared with the behavior at 15C. The 
endurance limit of annealed brass rod 
as determined in a Krause type machine 
by Boone and Wishart (12) (Table X) 
shows a trend toward a slight increase 
in endurance limit at —40C. with no 
definite change in notch sensitivity. 
Impact tests on notched bars, as re- 
ported by various investigators (see 
Tables I, II, VII, IX), generally show 


either practically no change or a small 
increase at low temperature. No copper 
alloys develop impact brittleness at low 
temperatures and, since most Charpy 
specimens do not fracture, comparative 
figures are meaningless. 

Hardness tests (Tables II, VII, XI) 
show a uniform and considerable in- 
crease in hardness. 

Because of the supposed lack of trans- 
formation it would not be expected 
that cooling to low temperatures would 
have any effect on the subsequent prop- 
erties of copper alloys at room tem- 
perature. While this is generally true, 
some of Colbeck and MacGillivray’s 
results for Izod impact resistance do 
show a change, the greatest being for 
pure copper and a 20 per cent cupro- 
nickel. The Izod impact values of these 
two materials were increased 14 and 
18 per cent, respectively, by this treat- 
ment, but the specimens remained un- 
fractured. 


Summary: 


All wrought copper alloys are alike 
in that the effect of temperatures lower 
than normal is to improve all useful 
mechanical properties. Hardness, yield 
strength, and tensile strength show ma- 
terial improvement, and the ductility 
(particularly as shown by elongation) 
is better at the temperature of liquid 
air or below than at room temperatures. 
Impact properties are practically un- 
affected. The ductility of cold-worked 
alloys increases to a greater extent than 
does that of annealed material and they 
are, therefore, the logical materials for 
stressed parts for low-temperature serv- 
ice. Castings of copper alloys show a 
small decrease in ductility at low tem- 
peratures. 


Acknowledgment: 


The author wishes to express his in- 
debtedness to W. R. Hibbard who pre- 
pared the initial bibliography for this 
study. 


Bi 
By 
| 
Pp 
er 
ed ly 
= 
y 
¢ 
s 
e in 
tch) 
re- 
neat 
ue 


2 

(1) H. W. Russell, “Effect of Low Temper- 
atures on Metals and Alloys,” Sym- 
posium on Effect of Temperature on 
the Properties of Metals, published 
jointly by the American Society for 

Testing Materials and The American 

Society of Mechanical Engineers, p. 658 

(1931). (Symposium available as sep- 

arate publication.) 

W. Colbeck and W. E. MacGillivray, 

“The Mechanical Properties of Metals 

at Low Temperatures, Part II—Non- 

Ferrous Materials,” Transactions., Inst. 

Chemical Engrs. (London), Vol. 11, 

pp. 107-122 (1933). 

(3) A. Krupkowski, “Proprietes mecaniques 
du cuivre,” Revue de M étallurgie, Vol. 28, 
pp. 641-652 (1931); Vol. 29, pp. 74-92 
(1932) 

(4) W. Broniewski and K. Wesolowski, “L’- 
influence de la temperature sur les 
proprietes mecaniques de laitons,” Revue 
de Métallurgie, Vol. 30, pp. 396-401, 

453-457 (1933). 

(5) W. J. de Haas and R. Hadfield, “On the 

Effect of Temperature on Liquid Hy- 

drogen (—252.8C.) on the Tensile 

Properties of Forty-one Specimens of 

Metals,” Philosophical Transactions, 

Royal Soc. (London), Vol. A232, pp. 

297-332 (1933). 

Pester, “Die Festigkeitseigenschaften 

von elektrischen Leitungsdrahten bei 
tiefen Temperaturen,” Zeitschrift fiir 

Ai Metallkunde, Vol. 22, pp. 261-268 (1930). 

(7) F. Pester, “Festigkeitspriifungen an Stan- 

gen und Drahten bei tiefen Temper- 


. 
648 _SmirH ON Properties oF Coprer at Low TEMPERATURES 


REFERENCES 


- 

aturen,” Zeitschrift fiir Metallkunde, 
Vol. 24, pp. 67-72, 115-120 (1932). 

(8) M. Kuroda, “Tensile Properties of Copper 
at Low Temperatures,” Scientific Papers, 
Inst. Physical and Chemical Research 
(Tokyo), Vol. 19, pp. 163-167 (1932). 

(9) P. Schoenmaker, “Zerreiss- und Schlagver- 
suche bei tiefen Temperaturen,” First 
Communications, New Internat. Assn. 
Testing Mats., Group A, pp. 237-250 
(1930). 

(10) B. Smirnov and V. Chernjak, ‘‘Mechanical 
Properties of Special Steels and Non- 
Ferrous Metals at Low Temperatures,” 
Metallurg (Metallurgist), Vol. 8, pp. 88- 
103 (1936) (in Russian). Abstracted in 
Metallurgical Abstracts, Inst. Metals, 
Vol. 3, pp. 521-522 (1936). 

(11) J. Strauss, “Metals and Alloys for In- 
dustrial Applications Requiring Ex- 
treme Stability,” Transactions, Am. Soc. 
Steel Treating, Vol. 16, p. 191 (1929). 

(12) W. D. Boone and H. B. Wishart, “High- 
Speed Fatigue Tests of Several Ferrous 
and Non-Ferrous Metals at Low Tem- 
peratures,’ Proceedings, Am. Soc. Test- 
ing Mats., Vol. 35, Part II, p. 147 
(1935). 

(13) J. Engel and K. Katz, “Die Temperaturen Ch 
abhingigkeit der Kegeldruchhirte der becor 
Metalle, III,’’ Zeitschrift fiir Physik, ° 
Vol. 106, pp. 1-8 (1937). indus 

(14) R. Holm and W. Meissner, “Einige Mess- | Cre 
ungen iiber der Fliessdruck von Metallen high 
in tiefen Temperaturen,” Zeitschrift fur perat 
Physik, Vol. 74, pp. 736-739 (1932). steels 

Char 


test s 
at de 
betw 
been 
whick 
ance 
test 
ever, 
impac 
mate} 
mach 
rious 


1 Ass 
respecti 
States § 


nt 


SUB-SIZE CHARPY RE LATIONSHIPS AT SUB-ZE RO TE MPE RAT URES 
, 1 
H. HaBart! AND W. J. HERGE 
SYNOPSIS 


Charpy impact tests were made on eight steels at 70 F. and sub-zero 
temperatures down to —150F. Standard and various sub-size specimens 
_ were broken at each testing temperature. In general, ferritic steels lost 
impact resistance, as measured on standard and two-thirds size specimens, 
_ when the testing temperature was decreased. One-half size specimens also 
lost impact resistance, but not to the marked degree as larger size specimens. 
Smaller specimens have practically constant impact resistance throughout 
the temperature range used. 

An austenitic 18 per cent chromium, 8 per cent nickel alloy had increasing 
impact resistance with decreasing temperature. 

The results of the tests were summarized to show relationships between 
_ sub-size impact specimens and standard size specimens at each testing tem- 

perature. A table of working values for relationship between the various 
specimen sizes at each testing temperature is included. 


Charpy impact testing is gradually 
becoming an important item in many 
industrial laboratories, because of the 
increasing demand for steels which have 
high impact resistance at sub-zero tem- 
peratures. It is generally accepted that 
steels for sub-zero service shall have a 
Charpy impact value, on standard size 
test specimens of either 15 or 20 ft-lb. 
at designated temperatures in the range 
between 70 F. and —150F. It has not 
been a difficult problem to furnish steels 
which have the required impact resist- 
ance as determined on standard size 
test specimens. There has been, how- 
ever, some concern about establishing 
impact values when the thickness of the 
materials is not enough to permit 
machining standard size specimens. Va- 
rious relationships have been devised to 


1 Assistant Metallurgist, and Special Test Su 
respectively, National Tube Co., 
States Steel Corp., Ellwood City, P 


rvisor 


United 


= 
i 


provide for the sub-size specimens which 
must necessarily be cut from thin 
sections. 

Sub-size Charpy impact specimens are 
usually made to a thickness which is a 
simple fraction of the standard 0.394 
in. (1 cm.). Thus the cross-sectional 
dimensions of sub-size Charpy impact 
specimens commonly used are as follows: 


0.131 in. by 0.394 in. 
. 0.098 in. by 0.394 in. 


Only a limited number of steels are 
used to meet sub-zero impact require- 
ments. Eight of those steels were se- 
lected for this investigation. The pro- 
gram was outlined to include Charpy 
impact testing of the eight steels at 
such temperatures as would be required 
by service conditions. All sizes of 
impact specimens were tested at each 
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Fic. 1.—Grain Size and Structure of the Eight Steels Used (X 100). 


Steel A. (b) Steel B. (c) Steel C. (4) Steel D. 
(@) Steel E. (f) Steel F. (g) Steel G. 
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of the temperatures, as it was desired to 
establish the relationships between im- 
pact values for standard size and sub- 
size specimens for the various types of 
steels at the testing temperatures. 


DESCRIPTION OF MATERIALS 


The compositions and heat treat- 
ments for the eight steels included in 
the program are listed in Table I. 

Steels A and B are the S.A.E. X1020 
type, steel A having a 5 to 8 grain size, 
and steel B having a 1 to 3 grain size, as 
determined by McQuaid-Ehn tests. 
Steels C and D are S.A.E. X1025 and 
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H is an 18 per cent chromium, 8 per 
cent nickel alloy. The heat treatments 
applied to each alloy to develop the 
highest and most uniform sub-zero im- 
pact properties were determined by 
preliminary work. 

Figure 1 shows the actual grain sizes 
and structures of the eight steels as 
heat treated preliminary to testing. 
Steels A, B, C, and D have typical 
normalized structures of the grades 
involved, with A, C, and D being fine 
grained with respect to ferritic grain 
size and B being somewhat coarse 
grained. Steel E has a very fine grained 


S.A.E. 1035 types, respectively, both structure. Steels F and G have an 
(a) having a 5 to 8 grain size. Preliminary intermediate grain size. Steel H has a 
TABLE I. COMPOSITION AND HEAT TREATMENT OF THE STEELS. 
| Composition; per cent 
Os- Chro- | Moly 
| Carbon ese | phorus Sulfur Silicon | Nickel | 
0.21 0.89 0.015 | 0.020 0.22 1650 F., 4 hr., Air cooled. 
Sarre 0.18 | 0.90 | 0.014 | 0.029 | 0.24 ee eg .... | 1650 F., 4 hr., Air cooled. 
| fe 0.27 0.90 0.016 | 0.030 | 0.18 eae hoi at 1600 F., 4 hr., Air cooled. 
D 0.39 0.80 | 0.021 | 0.020 | 0.19 | .... Bowes . | 1515 F., 2 br. ia Ae cooled. 
E 0.15 0.44 0.012 | 0.029 | 0.19 3.39 1500 F., 3 Ai: cooled; 
1200 F., 2 Air cooled. 
Weiadcnade 0.12 | 0.40 | 0.014 | 0.011 | 0.31 2.02 | 0.48 | 1650F., 1 hr., Air cooled. 
1380 F., 4 hr., , Furnace cooled 
| to 1110 F. 
0.13 0.51 0.022 0.007 0.15 5.53 0.48 | 1600 F., , Furnace cooled 
to 1100 
(f) Re a 0.05 | 0.46 | 0.011 | 0.009 | 0.34 | 8.98 | 17.51 1920 F., 44 hr., Water 
quenched. 
work had shown that a normalizing totally austenitic structure and an 


treatment developed the highest and 
most uniform sub-zero impact resistance 
in these straight carbon steels. On that 
account, steels A, B, C, and D were 
normalized at the temperatures shown in 
Table I, before machining the test 
specimens. 

Steel E is an S.A.E. 2315 alloy hav- 


intermediate grain size. 


TrEst PROCEDURES 


The steels were prepared for heat 
treatment in the form of flat bars, 
$ in. wide by 3 in. thick, obtained by 
forging from 3-in. round bars. After 
heat treating, specimens were machined 


ing a grain size of 6 to 8 as determined 
by McQuaid-Ehn tests. Steel F is a low 
carbon, 2 per cent chromium, 3 per 
cent molybdenum alloy. Steel G is a 


size. Steels A, B, C, D, and E were 
low carbon, 5 per cent chromium, } tested at 70F., —SOF., —75F., 
per cent molybdenum alloy. The grain —{100F., —125F.,and —150F. Steels 


size of steels F and G as determined by 


‘ McQuaid- Ehn tests was 5 to 7. 


to provide for testing three specimens of 
each size at each of the testing tem- 
peratures. Figure 2 shows the di- 
mensions and shapes of each specimen 


F,,G, and H were tested at 
F., and —50 F. 


70 F. 
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_ All specimens were cut longitudinally 
with respect to the original billet 
stock. The specimens broken at 70 F. 
were held at that temperature in an 
acetone solution for 5 hr. before testing. 
The specimens broken at temperatures 
between and including —25F. to 
—100F. were held at temperature in 
a dry ice - acetone solution for 1 hr. 


TABLE II.—STEEL A. 


Charpy Impact, ft-lb. 


deg. Fahr. TE —E| | 
| ae | ag | ae 
..| 56.77) 37.82) 30.13) 16.49] 12.87 
56.77| 39.41) 28.57| 17.72) 11.78 
56.77| 37.82) 30.13) 16.49) 11.78 
Average $6.97 38.35) 29.61; 16.90 12.14 


Percentage of standard. 


| 
—50 ..| 56.77) 37.82) 28.57| 17.72 11.78 


Average... 58.60, 38.35) 28.57) 17.72) 11.78 

Percentage of standard. 65.4 | 48.8 | 30.2 | 20.1 

46.14 37.82| 25.67} 17.72) 11.78 
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Average 44.45) 35.24| 27.16, 17.72) 11.78 
Percentage of standard.| .....| 79.3 | 61.1 | 39.9 | 26.5 
...| 34.71} 25.67) 22.92) 19.02) 11.78 


Average 36.28) 26.64 a 
Percentage of standard.) .....| 73.4 | 63.2 50.0 | 32.5 
| 

—125 31.60, 27.12) 24.30; 14.10, 12.87 
33.12, 27.12) 21.62, 16.49 11.78 
39.41, 24.30) 21.62, 17.72) 11.78 

Average 34.71) 26.18) 22.51; 16.10) 12.14 

Percentage of standard. .. 75.4 | 64.9 | 46.4 | 35.0 

28.57, 22.92) 21.62) 12.87) 11.78 


33.12) 24.30) 21.62) 15.29 11.78 
| 


Average 31.10! 23.38) 22.51) 14.48 11.78 
Percentage of standard. | 75.2 | 72.4 | 46.6 | 37.9 


The specimens broken at —125 F. and 
—150 F. were held at temperature in a 
liquid nitrogen - acetone solution for 1 
hr. In each case, the specimens were 
transferred to the testing machine with 
tongs which were otherwise kept in the 
solutions. All specimens were broken 
within 6 sec. after removal from their 
respective solutions. 

The machine used for testing was an 
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Olsen, Charpy pendulum type, un- 
braked, having the following character- 
istics: 


Weight of head 23 kg. 

Radius to point of percussion........ 75.5 cm. 

Radius to center of gravity 70.301 cm, — 

Height of fall referred to center of 

Striking velocity ; sec, 

Angle of free swing. 160 d ay 

Capacity at 0 deg. rise ...+.. 31.3632 kg-m. 
(226.85 ft-lb.) 

Span between anvils 40 mm. (1.575 in.) 

Radius on corners of anvils 0.397 mm. (1% in.) 

2.165"-—-------- 


F 10.394" 

| 42.256 


Standard Size Specimen 


ia 


2 Size Specimen 02631 le 
ii 
5 Size Specimen 
il 
Size Specimen 0/3/+> 
4 Size Specimen 0.098"> 


Fic. 2.—Dimensions and Shape of Each 

Specimen Size. 

Test RESULTS 
The results of the tests on steel A are 
given in Table II. From Table II, 
it can be noted that the impact values 
for the }, 5, and 3 size specimens at 
70 F. and —50F. have practically the 
same relationships to the values for the 
standard size specimens as do their 
respective sizes, while the } size speci- 
mens show values of about 20 per cent. 
The values for the standard, 3, and } 
size specimens decrease as the testing 
temperature is lowered. The values 
for the 4 and {4 size specimens are 
practically constant throughout the tem- 
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perature range. Since the largest de- 
crease takes place in the largest or 
standard size specimens, the percentage 
of the standard value for each sub-size 
increases as the testing temperature 
decreases. 

The values obtained on steel B are 
given in Table III. At 70F., the rela- 
tionships of the values for the sub-size 
specimens to the values for the standard 


TABLE III.—STEEL B. 


Charpy Impact, ft-lb. 


Testing Temperature, 
deg. Fahr 


Standard Size 
Specimens 
Size 
Specimens 
Size 
Specime 
Size 
Specimens 
Size 
Specimens 


45.33| 37.82| 28.57, 16.90] 11.40 
83.4 | 63. 


28.57| 28.57) 28.57) 14.10} 9.61 
31.60) 28.57) 28.57) 12.87) 10.63 
24.30) 28.57; 24.30) 12.87] 11.78 
of standard.) ..... 96.4 | 47.2 | 37.9 


31.60, 24.30) 25.67) 12.87) 8.61 
| 24.30) 22.92) 24.30) 11.78) 11.78 


| 19.02| 22.92) 25. 67| 11.78] 8.61 


| 24. 97) 23.38 25.21) 12.14) 9.67 
Percentage of standard.| ..... 93.6 |101.0 | 48.6 | 38.7 
3.06} 2.24) 15.29) 10.63) 7.59 


Average... 3.06) 2.24] 17.75| 11.01) 9.69 
..... 73.2 |580.1 |359.8 |316.7 
2624] 2.24] 1.47] 10.63] 9.61 


2.24) 2.24) 19.02) 11.78) 7.59 
3.06) 2.24) 16.49 10.63) 7.59 


2.51; 2.24) 12.33] 11.01] 8.26 
Percentage of standard.| ..... 89.2 491.2 438.6 (329.1 
3.91] 2.241 3.05| 10.63| 7.59 
3.91) 2.24) 2.24) 10.63) 9.61 
3.06] 2.24] 2. 24 10.63) 8.61 


Average...............} 3.63, 2.24) 2.51| 10.63] 8.00 
Percentage of standard.) ..... | 61.7 | 69.1 292.8 9 


size specimens are slightly higher than 
the similar values of steel A. An 
outstanding feature of the results on 
steel B is the rapid decrease of values 
for standard and 3 size specimens at 
decreasing testing temperatures, as com- 
pared to the somewhat constant values 
for the 4 and } size specimens. At 
testing temperatures below —75 F., the 
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3, 3, and % size specimens gave values 
higher than the standard and § size 
specimens, with but one exception, that 
being the 4 size at —150F. Such a 
combination of values provides for 
certain sub-size specimens at sub-zero 
temperatures showing an abnormally 
high percentage relationship as compared 
to the values for the standard size 
specimens. 


TABLE IV. ~STEEL Cc. 


Charpy ft-lb 
8 n n n wn n 
| ab | | | ad 
46.14) 31.60) 27.12) 15.29) 9.61 
44.48) 31.60) 25.67) 17.72) 10 63 
|_37.82| 33.12) 25.67] 15.29] 9.61 
| 42.81 32.11! 26.15} 16.10) 9.95 
Percentage of standard.|...... 75.0 | 61.1 | 37.6 | 23.2 
31.60) 30.13) 22.92) 15.29) 11.78 
| 28.57] 24.30) ‘19.02 15.29 10.63 
31.10) 28.19) 22.08) 15.29) 11.40 
Percentage of standard.|...... 90.6 | 71.0 | 49.2 | 36.7 
30.13) 27.12) 21.62) 16.49) 10.63 
28.57) 25.67; 20.25) 16.49) 10.63 
25.67 22.92 19.02) 15.29 9.61 
Average. . 28.12] 25.24! 20.30) 16.09] 10.29 
Percentage ofstandard.|...... 89.8 | 72.2 | 57.2 | 36.6 
21.62} 20.25) 17.72) 14.10] 10.63 
24.30] 19.02] 16.49] 12.87] 7.59 
Average.. 23.41) 19.84) 17.31) 13.69) 9.62 
Percentage ofstandard.|..... 84.8 | 73.9 | 58.5 | 41.1 
20.25} 19.02) 15.29) 9.61] 9.61 
21.62] 20.25) 16.49) 15.29) 19.63 
20.25 16.49 12.87} 10.63 
Average..... 20.71) 18.59) 16.50) 12.59) 10.29 
Percentage of standard. ere 89.8 | 79.7 | 60.8 | 49.7 
14.10) 14.10) 15.29) 8.61) 5.69 
21.62} 14.10) 12.87) 14.10] 9.61 
| 21.62] 14.10| 14.10] 10.63] 9.61 
Average.. | 19.11] 14.10] 14.09] 11.11] 8.30 
Percentage of standard. .+e-+| 73.8 | 73.7 | 58.1 | 43.4 


Table IV shows the results of the tests 
on steel C. At 70 F., the impact values 
for the %, 3, and 3 size specimens are 
slightly higher than the size ratios as 
compared to the values for the standard 
size specimens, while the } size values 
were slightly lower than the size ratio. 
At lower testing temperatures, the 
values for all sizes of specimens decrease, © 


: 
r Sec.) 
) 
5 in.) 
in.) 
| 


temperature was decreased. Asa result, 
the percentage relationships to the 
standard values are almost constant 
throughout the testing range. The un- 
usual decrease at —100F. on the 
standard specimens provides the only 
unusual feature in the results obtained 
on steel D. 

In Table VI are shown the results 
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with the greatest percentage of loss in the 
standard size specimens and the least 
amount of loss in the } size specimens. 
As a result, the general trend of the sub- 
size relationship to the standard size is to 
increase with respect to percentage of the 
standard size values. 

Table V shows the values obtained on 
steel D. At 70 F., each sub-size showed 


TABLE V.—STEEL D. TABLE VI.—STEEL E. 


| Charpy Impact, ft-lb. Charpy Impact, ft-lb. 
Testing Temperature, | § 8 Testing Temperature, | § 
82) 82) 8 38) 82) 88) 88) 
a |e a |x |X 
34.71) 24.30) 22.92) 11.78] 11.78 58.58) 41.08 31.60) 17.72] 12.87 
| 34.71| 22.92| 19.02) 11.78] 9.61 62.27; 36.30, 31.60| 17.72) 12.87 
Average...............| 32.66} 23.38] 19.89] 11.78] 10.33 Average....... 38.40) 31.60) 18.15] 12.87 
Percentage of standard.|...... 71.6 9 | 36.1 | 31.6 Percentage of standard.|..... 66.7 | 55.0 | 31.6 | 22.4 
| 
-$0..... 19.02} 16.49 14.10} 8.61) 6.63 —SO........... 44.88, 33.12) 31.60) 17.72, 11.78 
17.72) 16.49) 12.87| 8.61] 7.59 56.77, 39.41, 30.13) 17.72) 12.87 
21.62) 17.72) 12.87) 8.61! 8.61 51.42 36.30) 30.13 16.49) 11.78 
Average 9.45 16.90 13.28} 8.61! 7.61  Average...... $1.02} 36.28) 30.62| 17.31| 12.14 
Percentage of standard. ; 86.9 | 68.3 | 44.3 | 39.1 Percentage of standard. sacl Daok | 60.0 | 33.9 | 23.8 
17.72| 15.29) 10.63] 7.59] 6.63 —75.......... 44.48, 37.82) 30.13] 17.72) 10.63 
16.49) 15.29) 12.87) 8.61| 6.63 51.42] 33.12) 31.60) 17.72) 12.87 
19.02| 15.29] 10.63) 8.61) 9.61 47.88} 33.12| 27.12) 17.72) 11.78 
Average............... 17.74} 15.29] 11.38, 8.27) 7.62 Average........... 47.93| 34.69| 29.62] 17.72| 11.76 
Percentage of standard.|... 86.2 | 64.1 | 46.6 | 43.0 Percentage of standard.|...... 72.4 | 61.8 | 37.0 | 24.5 
11.78 12.87| 10.63, 7.59] 6.63 47.88| 34.71] 27.12) 19.02| 11.78 
10.63| 14.10| 9.61] 6.63) 6.63 44.48) 37.82) 27.12) 15.29] 11.78 
14.10, 14.10) 11.78) 7.59) 9.61 39.41) 33.12) 28.57] 16.49) 11.78 
Average...............| 12.17] 13.69) 10.67) 7.27| 7.62 43.92) 35.22) 27.60) 16.93) 11.78 
Percentage of standard.|...... 112.5 | 87.7 | 59.7 | 62.6 Percentage of standard.|...... 80.2 | 62.8 | 38.5 | 26.8 
| 
17.72| 16.49, 5.69 8.61) 6.63 —125 37.82) 33.12) 30.13] 19.02) 12.87 
17.72| 16.49) 11.78) 8.61) 6.63 56.77| 33.12) 27.12| 16.49] 11.78 
17.72| 16.49) 10:68 7.59| 6.63 39.41] 37.82| 28.57 16.49) 11.78 
Average............. 17.72| 16.49] 8.27] 6.63  Average............... 44.67| 34.69| 27.61) 17.33) 12.14 
Percentage of standard. . . ‘| 93.1 | 52.9 | 46.7 | 37.4 Percentage of standard.|...... 77.7 | 61.8 | 38.8 | 27.2 
15.29] 11.78) 11.78 7.59, $.69 41.08] 31.60) 28.57) 17.22) 12.87 
16.49) 10.63} 9.61] 7.59) 5.69 46.14| 31.60] 25.67) 16.49) 11.78 
25.67| 11.78) 9.61] 6.63, 6.63 44.48) 31.60) 25.67) 16.49) 11.78 
19.15 11.40| 10.33} 7.27; 6.00 Average...............| 43.90] 31.60] 26.64] 16.73) 12.14 
Percentage of standard.|......| 59.5 | 53.9 | 38.0 | 31.3 Percentage of standard.|...... 72.0 | 60.7 38.1 | 27.7 
a higher relationship of impact value obtained with steel E. At 70F., the 
than the ratios for the respective sizes. 4}, and 3 size values have practically the 
The standard size specimens showed same relationship to the standard values 
loss of impact resistance as the tem- as the size ratios. The } and ¢ siz 


rature decreased to —100F., while values at 70F. are slightly less in this 


at —125F. and —150F. the values respect. As was the case with the steels 
began to increase. With but certain previously described, the standard size 
exceptions, the sub-size specimens values at lower temperatures decreased 


showed decreased values as the testing 


more rapidly than did the sub-size 
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values. In fact, the 4 and } size values 
are practically constant throughout the 
testing range. As a result, the sub- 
zero relationships of the sub-size values 
to the respective standard values are 


TABLE VII.—STEEL F. 


| Charpy Impact, ft-lb. 


Testing Temperature, | = 


Average 63.65, 43.35) 35.24 21.62) 12.87 
Percentage of standard. ‘ 68.1 | 55.4 | 34.0 | 20.2 
| 53.16, 39.41, 33.12) 21.62) 12.87 


| 53.18 38.88 32.61) 21.62) 13.25 
of standard. 


-50 46.14, 34.71, 31.60, 19.02) 14.01 


Average 45.03 35.75 31.62 19.84) 14.01 
Percentage of standard 79.4 


TABLE VIIL.-STEEL G 


Charpy Impact, ft-lb. 


— 
Testing Temperature, | é g 

EE 

| 42.74) 33.12 25.67, 15.29, 11.78 
42.74; 33.12) 25.67) 16.49 11.78 
47.88, 41.08 30.13, 17.72, 11.78 
Average... 44.45) 35. 77, 27.16, 16.50 11.78 
Percentage of standard. ‘| nena | 80.5 | 61.1 | 37.1 | 26.5 
| 31.60 28.57) 25.67| 12.87, 8.61 
33.12, 25.67, 24.30 12.87, 8.61 
| 34.71, 30.13, 24.30, 14.10, 11.78 
Average... 33.14; 28.12) 24.76 13.28, 9.67 
Percentage of standard. -.+-+| 84.9 | 74.7 | 40.0 | 29.2 
| 28.57; 30.13, 22.92, 12.87) 8.61 
30.13, 28.57, 22.92, 12.87, 8.61 
30.13| 24.30 22.92) 12.87' 8.61 
29.61) 27.67, 22.92, 12.87, 8.61 
Pe:centage of standard. | 93.4 | 77.4 | 43.5 | 29.1 


slightly greater than the size ratios. 
An outstanding feature of steel E is the 
uniformity of test results and relation- 
ships throughout the testing range. 
Table VII shows the results of the 
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tests on steel F. At 70 F. the 2, 3, and 


1 


the size ratios, while the } size values 
are 20 per cent of the standard values. 


At the lower testing temperatures, the 
impact resistance of the standard size 


specimens decreases more than the re- 
sistance of the sub-size specimens. As 
a result, the sub-size values at sub-zero 
temperatures have higher relationships 
to the respective standard size values 
than is the case at 70 F. 


3 size values have practically the same 
relationship to the standard values as — 


The values for steel G are shown in : 


TABLE IX. —STEEL H. 


impact, ft-lb. 


| 


deg 


Specimens 
Size 
Specimens 


Standard Size! 
Specimens | 
2¢ Size 


Percentage of standard. 


85.56) 60.25) 44.48] 25.67] 17.72 


Average..... 87.54] 61.60] 44.48] 25.70) 17.72 
Percentage of standard. .....| 70.4 | 50.8 | 29.4 | 20.2 


Average... 
Percentage of standard. ....| 70.0 | 51.3 | 30.5 | 20.4 


Table VIII. 
is similar to steel E in that there is 


uniformity in the decrease for all sizes 


of impact specimens as the testing tem- 
perature was lowered. 


Steel H, an austenitic 18 per cent 


chromium, 8 per cent nickel alloy, dif- 
fered from all the other steels when the 
testing temperature decreased in that 
the impact values of all sizes increased, 
as is shown in Table IX. At all tem- 
peratures, the values for the % size 
specimens were practically % of the 
respective standard size values. The 


89.54) 60.25| 44.48] 27.12 
In one respect this ae 


77.68) 53.16) 39.41) 21.62] 15.29 

77.68| 53.16} 37.48| 22.92] 15.29 

75.72| 51.42} 39.41] 21.62) 14.10 
77.03| 52.58) 38.77) 22.05] 14.89 


the 
stant 
un- 
the 
only 
sults 
b. 
54.97| 41.08, 36.30, 21.62, 12.87 
§ 67.99, 44.48) 34.71) 21.62) 12.87 
67.99, 44.48! 34.71) 21.62, 12.87 
12.87 
12.87 
22.4 
| 12.87 
1} 12.14 
| 23.8 
2} 10.63 
2| 12.87 
2} 11.78 —— 
11.76 | 
| 24.5 
11.78 
9) 11.78 
9) 11.78 
3) 11.78 
26.8 
2) 12.87 
9| 11.78 
11.78 . 
3) 12.14 
| 27.2 
2) 12.87 
9| 11.78 
3 12.14 
| 
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4 size values are about 3 of standard 
values. The 4 and } size specimens 
showed lower relationships with respect 
to standard size specimens than were 
the specimen size ratios. 


PERCENTAGE OF STANDARD SIZE RELA- 
TIONSHIPS 


Table X lists the sub-size relation- 
ships in percentage of standard size 


TABLE X.—SUB-SIZE RELATIONSHIPS IN PER 
CENT OF STANDARD SIZE VALUE. 


Testing 
ture, deg. 8 
Fahr. 
70. 34 167.5) 83.4 75.0, 71.6 66.7 68.1 80.5 68.3 
VY |52.2) 63.061.1, 60.9 55.0 55.4 61.1 50.3 
|29.8| 37.337.6 36.1 31.6 34.0 37.1 26.6 
% 21.4 25.1 23.2 31.6 22.4 20.2 26.5 19.3 
=%%.....1 % 84.9,70.4 
34 |65.4,101.5 90.6, 86.9.71.1,79.4 93.4 70.0 
|48.8| 96.4)71.0, 68.3 60.0'70.2 77.4 51.3 
|30.2) 47.2/49.2) 44.3 33.9144.1 43.5130.5 
-75 24 |79.3| 93.6'89.8| 86.2 72.4). | 
|61.1/101.0/72.2| 64.1161.8)... 
44 |39.9| 48.6|57.2| 46.6)37.0). . 
Y% |26.5| 38.7|36.6| 43.0)24.5).. 
—100 44 |73.4| 
% |63.2|580.1|73.9| 87.7/62.8).. 
|50.0|359.8|58.5| 59.7/38.5).. 
|32.5/316.7/41.1| 62.6)26.8].. 
—125.....| 34 |75.4] 89.2|89.8| 93.1177.7].. 
1% |64.9|491.2/79.7| 52.9/61.8].. 
14 |46.4]438.6/60.8| 46.7/38.8).. 
|35.0|329.1149.7| 37.4|27.2].. 
—150 34 175.2] 61.7|73.8] 59.5|72.0). . 
172.4] 69.1173.7| 53.9|60.7|. . 
1% 38.0]38.1). . 
4% |37.9]236.9/43.4| 31.3127.7].. 


value as determined by the various 
tests. Table XI lists the working 
values indicated by the test results to 
be applicable to commercial practice. 
Fundamentally, the determination of 
the relationships in per cent between 
standard and sub-size specimens was the 
object of the investigation. 

At #JOF., —25F., —SOF., and 
—75 F., working values for 3 and 3 size 
specimens are indicated to be in the 
same relationship to standard size values 


as are the size ratios. At —100F. 
and —125F., the working value of 
% size specimens apparently can be in- 
creased to 70 per cent of the standard 
size value. At —150F. the working 
value of the % size specimens is indi- 
cated as decreasing to 60 per cent of 
the standard size value. At —100F,, 
—125 F. and —150F., the 3} size work- 
ing value is the same as for the higher 


TABLE XI.—WORKING VALUES IN PER CENT 
OF STANDARD VALUE. 


Working 


Testing Tem- Values, per 
perature, deg. | Size of Charpy Specimen cent of 
Fahr. | standard 
value 
3%; 0.263 by 0.394 in. 66.7 
0.197 by 0.394 in. 50.0 
| ¥%; 0.131 by 0.394 in. 25.0 
| 44; 0.098 by 0.394 in. 20.0 
| % 66.7 
4% 50.0 
| ¥% 25.0 
20.0 
| 
| % 66.7 
| 50.0 
| 30.0 
% 20.0 
| % 66.7 
% 50.0 
33.3 
20.0 
24 70.0 
50.0 
% 35.0 
% 25.0 
WA 50.0 
% 35.0 
A 25.0 
24 60.0 
% 50.0 
14 35.0 
25.0 


temperatures, namely, 50 per cent of 
the standard size value. 

The working values for the } size 
specimens are indicated to increase 
from 25 per cent at 70 F.‘and —25F. 
to 30 per cent at —50 F., 33.3 per cent 
at —75F., and to 35 per cent at 
—100 F., and —125 F. and —150F. 

The } size specimens appear to have 
a 20 per cent relationship at 70F., 
—25F., —SOF., and —75F. At lower 
testing temperatures, the relationship 
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ococo~ 


coco 


coco 


for } size specimens is indicated to be 
increased from 20 per cent to 25 per 
cent. 


SUMMARY 


Probably the most significant points 
in the test data are the increases at 
sub-zero temperatures of the percentage 
values for the small size Charpy speci- 
mens with respect to values for standard 
size Charpy specimens and the con- 
stancy of the values for the 3 and } 
size specimens throughout the testing 
range. In fact, one could interpret that 
testing of 4-and } size specimens is 
needless, since values for 4 size speci- 
mens range between 10 and 20 ft-lb., 
while values for } size specimens range 
between 5 and 15 ft-lb., regardless of the 
type of steel or the testing temperature. 
On the other hand, the values for stand- 
ard and 2 size specimens varied con- 
siderably. The values for 3 size speci- 
mens, as a rule, followed the trend of 
the larger specimens, in that there was 
a decrease at lower testing temperatures. 
However, the amount of decrease for 
the 3 size specimens was not so pro- 
nounced as with the larger specimens. 

An interesting feature is the differ- 
ence in the test results for the S.A.E. 
X1020 steels, namely, steels A and B. 
Steel A, a fine-grain type, showed ex- 
ceptionally good sub-zero impact re- 
sistance on all sizes of specimens. Steel 
B, a coarse-grained type, showed good 
impact resistance for small size speci- 
mens and practically no impact re- 
sistance for large size specimens at the 
lower temperatures. As a result of 
such a combination, steel B shows 
rather abnormal relationships for stand- 
ard and sub-size specimens. 

A comparison of steels C and D, 
S.A.E. X1025 and 1035, respectively, 
with steel A, indicates that increasing 
carbon content produces a decrease in 
Impact resistance. All three steels were 


fine grained. The low values at 
—100F. on standard specimens of 
steel D indicate that sub-zero working 
values in foot-pounds for the higher 
carbon grades should not be established — 


at levels as high as those for the low- 
carbon grades. 


The value of nickel with respect to 
sub-zero impact resistance is demon- 
strated with steel E. Even at —150F., 
its impact resistance was exceptionally - 
good. Apparently, nickel tends to act 
as a stabilizer of sub-zero impact re- 
sistance, as the most uniformity be- 
tween all specimen sizes at all tempera- 
tures was obtained with steel E. 

The low chromium content steels F 
and G are ordinarily expected to have 
an impact value of 20 ft-lb. at —25 F. 
The superiority of a combination nor- 
malizing and drawing treatment over 
a single furnace anneal, with respect _ 
sub-zero impact resistance, is partially 
demonstrated by the difference in the 
values obtained for both steels. How- 
ever, it is not always desirable to apply 
a normalizing drawing treatment to 
steel G. The reverse is true for steel F. 

As was to be expected, the 18 per 
cent chromium, 8 per cent nickel alloy 
or steel H showed increasing impact 
resistance with decreasing temperature. 
The excellent impact resistance of 18-8 
alloy is too well known to warrant com- 
ment. 

Perhaps the most plausible explana- 
tion for certain steels showing either 
greater impact resistance or higher per- 
centage relationships on small size 
specimens than on large size specimens 
at certain testing temperatures is that 
given by Moser* who shows that certain 
steels had decreased impact resistance 
when the specimen size was increased. 
He found that if proportional results 


2M. Moser, ‘‘A New Method of Interpreting Notched 
Bar Impact Test Results,’’ Transactions, Am. Soc. Steel 
Treating, Vol 7, March, 1925, p. 297. 
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were to be obtained from proportional 
sizes of specimens, factors which had 
to be considered are the actual working 
volumes of metal which participate in 
the absorption of energy and the ratio 
of the speed of impact to the velocity 
of the strain propagation of the material. 
By adjusting the speed of impact for 
each specimen size so as to provide 
maximum working volumes for the 
absorption of energy, Moser obtained 
straight-line relationships between im- 
pact resistance and specimen sizes on 
steels, which when tested with a constant 
speed of impact had yielded dispropor- 


tionate values for proportional size 
specimens. 
On the basis of Moser’s data, it is 


indicated that the speed of impact used 
in this investigation provided for maxi- 
mum working volumes in the } and } 
size specimens so that the impact values 
remained fairly constant throughout 
the testing range. As the specimen 
size increased, the working volume for 
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the same speed of impact was probably 
decreased. It is also possible that at 
the lower testing temperatures, the work- 
ing volumes on the large size specimens 
were further decreased. Such a com- 
bination of conditions would explain 
either the greater impact resistance or 
the higher percentage relationships of 
the sub-size specimens at certain testing 
temperatures. However, there can be 
no doubt about certain steels losing im- 
pact resistance as measured on large 
size specimens when the testing tem- 
perature is decreased. On that account, 
the impact test, if large size specimens 
are used, is a measure of low-tempera- 
ture brittleness for a given set of condi- 
tions. 
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FACTORS AFFECTING NOTCHED-BAR IMPACT TESTS ON STEEL 
LOW TEMPERATURES 


By WALTER Crarts! AND JOHN J. EGAN! 


In order to determine the reasons for lack of correlation between different 


SYNOPSIS 


makes of Charpy and Izod-type impact testing machines in tests at low tem- 
peratures, a survey has been made to evaluate some of the variables that 


might produce the differences. 


Tests at low temperatures of both Izod and 


Charpy types were made on a machine in which the initial energy and velocity 


of blow could be varied independently. 


The notch radius and depth were also 


investigated to estimate sensitivity to accuracy of the specimen dimensions. F 


The length of cantilever arm of an Izod machine was also studied. The 


results indicated a general, but not extremely accurate, correlation between 
different makes of machines, and a conservative use of the test for specifica- 


tion purposes is recommended. 


Due to the increased application of 
pearlitic steels at sub-zero temperatures 
it has become desirable to establish a 
criterion of the degree of toughness 
residual in the steel at the temperature 
of service. The notched-bar impact 
test has been widely used to determine 
this, and it has been considered that 
minimum average values of 15 ft-lb. 
Charpy and 18 ft-lb. Izod at —18 to 
60 C. (0 to 76 F.)* should be used as a 
specification of adequate toughness. 
Due to the fact that impact strength 
drops discontinuously with temperature 
and that the commonly specified mini- 
mum values are in a very critical range, 
it is difficult to obtain a true average 
value. Furthermore, it was indicated 
by the tests carried out by Subcom- 
mittee P of Committee III on Projects 


1 Research Metallurgists, Union Carbide and Carbon 
Research Laboratories, Inc., Niagara Falls, N. Y. 

_ ? Paragraph U-142; Addenda to A.S.M.E. Code for 
Unfired Pressure Vessels, Section VIII, A.S.M.E. Boiler 
Construction Code. 


659 


of the Joint A.S.M.E.-A.S.T.M. Re- 
search Committee on Effect of Temper- 
ature on the Properties of Metals* that 
different testing machines revealed the 
break to lower impact strength at widely 
varying temperatures. In that investi- 
gation critical temperature varied from 
—46 to —3.9C. (—50 to +25 F.) de- 
pending on which testing machine was 
used. In order to determine the more 
critical factors governing the discrep- 
ancy, the following study of testing 
variables has been carried out to include 
initial energy, velocity, and specimen 
dimensions. 


REVIEW OF THE LITERATURE 


A review of published investigations 
of the notched-bar impact test has shown 
that testing was usually carried out at 


3 General Summary and Comparison of Procedure and 
Results Obtained on Cooperative yb Low-Tempera- 
ture Impact Testing of 0.35 per cent Carbon Steel (K20), 
Summarized.by R. Sergeson and S. W. Poole, Proceedings, 
Am, Soc. Testing Mats., Vol. 36, Part I, p. 132 (1936). 
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room temperature in ranges in which 
the steel was relatively insensitive to 
the change of testing conditions, and 
the observations and conclusions have 
offered little help to the solution of the 
low-temperature problem in which the 
tests must be carried out in a critical 
range of transition from the tough to 
the brittle condition. Extensive reviews 
of these investigations have been com- 
piled by McAdam,‘ Hoyt,°® and others. 
Early work on the impact test led 
many investigators to believe that the 
type of machine was of comparatively 
little importance. Fremont® in 1912 re- 
ported that variations in results ob- 
tained in different simple beam tests 
on machines of the drop hammer and 
pendulum types were due to energy 
losses to the machine, such as in the 
use of excessively light anvils. In 1917 
Charpy and Cornu-Thenard’ after an 
extensive series of simple beam impact 
tests using machines of the pendulum, 
drop hammer, and rotary types also 
reported that the energies absorbed in all 
machines in fracturing specimens of a 
given steel were identical when the size 
of the test specimen, notch depth, and 
other factors were uniform. Philpot® 
using both a Charpy and an Izod ma- 
chine found that when the energy ab- 
sorbed was less than 70 ft-lb. no differ- 
ence could be noted between the values 
obtained on the two machines. Above 
70 ft-lb., however, the Charpy machine 
tended to give somewhat higher values. 
McAdam’ has quoted the British En- 


J. McAdam, Jr., ‘Impact Tests of Metals,”’ Pro- 
(i) Am. Soc. Testing Mats., Vol. 22, Part ti, p. 37 
1922) 
L. Hoyt, ‘‘Notched Bar man ” Metals and Al- 
loy, Vor 39, 102, 140 (19 
*C. Fremont, “Testing Metals. Impact,” Proceed- 
i? Internat. Assn. Testing Mats., Sixth Congress, 
First Section, Part [V2 (1912). 
ré. Charpy and "A. Cornu-Thenard, ‘‘New Experi- 
ments on Shock Tests,”” Journal, Iron and Steel nst., 
Vol. 96, p. 61 (1917). 
tH. T. Ph pest, “Some ny on Notched 
Bars,” Proceedings, Inst. Automobile Engrs., April, 1918. 
Abstracted in Engineer, Vol. 125, p. 338 (1918); Journal, 
Soc. Automotive Engrs., Vol. 3, p. 347, (1918). ahd 
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gineering Standards “Report on the 
British Standard Forms of Notched Bar 
Test Pieces” thus: “The results in some 
materials depend on the striking velocity 
which should not in any case be less 
than 3 m. per sec. [9.84 ft. per sec.].... 
Various machines are used for making 
notched-bar tests. It does not appear 
that the results are materially different 
when tests are made with the standard 
types of test piece in these different 
machines provided they are properly 
constructed, calibrated and used, and 
that the striking velocity is not sub- 
stantially different.” 

Although considerable work has been 
reported on the effect on impact resist- 
ance of variations in notch root radius, 
few systematic researches have been de- 
scribed, particularly in the earlier litera- 
ture. Mailander® has presented Charpy 
data on specimens with notch radii of 
1, 2, and 4 mm. and depths of 2, 3, 
and 5mm. Little difference was found 
to exist in the low and medium impact 
strength ranges in the specimens notched 
to 3 and 5-mm. depths. In the case of 
steels showing greater toughness, how- 
ever, a much greater spread in values 
was noted. Burns! found that changes 
in radius from 0.25 to 0.50 mm. on Izod 
specimens had relatively little effect 
when the notch depth was 3 mm. and 
over. The effects of variations in notch 
depth in Charpy specimens have been 
discussed at length by Mailinder,’ 
Dupuy," Steccanella’ and others. In 
general their choice was a notch of the 
U type with root radius of 1 mm. 
(0.039 es although some work was 


oR. Mailander, “International Standardization of Im- 
oon imens,’ ‘Stahl und Eisen, Vol. 55, p. 1456 (1935). 
Burns, ‘Notched Bar Impact Tests,” Metallur- 

gist, ‘San "21, 1935, p. 86. 
u E, Dupuy, J. Mellon, and P. Nicolau, “International 
Standgediastion of the Shock Bend Test on Notched 

” Revue de Métallurgie, Vol. 33, pp. 55, 133 (1936). 

a A. Steccanella, ‘ ‘Standardization of the Notched Bar 
Test Piece,” La Metallurgia Italiana, May 1932, Septem- 
ber 1933, February 1935; English summary in Metallurgist, 
October 25, 1935, p. 75. 
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reported with a V notch having root 
radius of 0.25 mm. (0.01 in.). The 
objection to shallow notches was found 
to lie in the fact that with tough steels 
the hammer, having insufficient energy 
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Fic. 1.—Cross-Section of 24-in. Diameter 
Bar Showing Method of Cutting and Notching 


Specimens. Dotted lines indicated notches. 
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Fic. 2.—Effect of Temperature on Standard 
Charpy Impact Strength (Machine A). 


to break the specimen, might tend to be 
Stopped in its fall and cause some de- 
terioration to the machine, in addition 
to giving unsatisfactory shock resistance 
readings on the steel being tested. The 
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use of the more acute V notch was recom- 
mended for steels of this tough variety. 
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Fic. 3.—Effect of Temperature on Standard 
Izod Impact Strength (Machine A). 


TABLE I.—INFLUENCE ON IMPACT STRENGTH 
OF POSITION IN CROSS-SECTION OF BAR. 


Location® 


‘ 
Room Temperature Location 50 C.| Location 78 C. 


STANDARD CHARPY—MACHINE A 


ee 67.0| 4R....... 4.0 | OL. 2.9 
B 56.5 | 33.3) B..... 3.4 
65.0} 1L.. 35.0 2T 3.1 
58.0| B.. 34.8| I 2.9 
62.5 | 10T.. 35.4 | 61 2.8 
STANDARD Izop—MaAcHINE A 

90.8 | 4R....... 40.5 15.0 
92.5| 1L....... 42.0| 9.0 
92.5| B....... 4.0] L......... 40 
Y....... 24.5 

L Re... 9.0 


2 Location of notch with respect to number on end of 
specimen (see diagram in Fig. 1): 
R = right, L = left, T = top, B = bottom. 


The effect of velocity on impact 
strength has been a subject of interest 
from the time of the development of 
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1936). 
shed Bar 
Septem- 


the earliest form of impact testing. 
Ehrensberger™ in 1907, and Guillet and 
Revillon™ in 1909, using respectively 
pendulum and rotary machines, re- 
ported that little significant effect could 
be noted up to a striking velocity of 
10 m. per sec. (32.8 ft. per sec.). Their 
conclusions were verified by Charpy and 
Cornu-Thenard in 19177 and by Philpot® 
in 1918. During the intervening period, 
however, other investigators were of 
a different opinion. Among these 
were Fremont® and the laboratories of 
the Paris-Lyon-Mediterranee Railroad 
whose results indicated the existence of 
a velocity factor. 


EXPERIMENTAL INVESTIGATION 


_ The steel used in this study was all 
taken from a single 2}-in. diameter bar 
of S. A. E. 1020X steel with a McQuaid- 
Ehn grain size of No. 6 to 8, and having 
the following composition: carbon 0.21 
per cent, manganese 0.85 per cent, phos- 
phorus 0.029 per cent, sulfur 0.020 per 
cent, silicon 0.24 per cent. The impact 
specimens were cut as shown in Fig. 1. 
As indicated in Table I, the location in 
the bar produced no significant differ- 
ences in impact strength. A heat treat- 
ment that had given consistently reliable 
results on similar steels, namely, normal- 
izing after 3 hr. at 900 C. and drawing 
for 3 hr. at 650 C. with air cooling, was 
used. The effect of temperature on the 
standard Charpy impact strength and 
the standard Izod impact strength is 
illustrated in Figs. 2 and 3, respectively. 
The testing temperatures, room, —50, 
and —78C., were chosen so that the 


i 18H. C. Ehrensberger, ‘‘The Impact Test in Material 
Testing,’’ Stahl und Eisen, Vol. 27, p. 1797 (1907). 
4 L. Guillet and L. Revillon, “‘New Hot Impact Tests 
on Plain and Special Steels,”’ Revue de Métallurgie, Vol. 6, 
p. 908 (1909). 
a 46 ‘Communication from the Testing Laboratory for 
Metals of the Paris-Lyon-Mediterranee Ry. Co.,”’ Proceed- 
ings, Internat. Assn. Testing Mats., Sixth Congress, 
N. Y., First Section, Part IVS (1912). 
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critical drop to low values would occur 
within the testing range. With decrease 
in temperature, typically*® abrupt transi- 
tions to lower levels of energy were 
observed. 

Most of the tests were made in a 
machine (designated A) on which beam 
or cantilever tests could be carried out 
by a simple change of the vise and 
striking edge, while variations in veloc- 
ity or initial energy were accomplished 
by changing the hammer and the height 
of fall as indicated in Table II. Stand- 
ard simple beam and cantilever tests 
were, however, also carried out on two 
other machines of different manufac- 


TABLE II.—MACHINE CHARACTERISTICS. 


| : Height Weight of 
Energy, Velocity, 
ft. Ib.’ | ft. persec. | % Pendulum, 
Macuine A 
| 9.0 15 4 86.52 
12.8 30% 43.26 
10 61 21.63 
= 12.8 | 30% 86.52 
| 61 43.26 
MacHINE B 
223.6 | 16.9 | | 50.76. 
MACHINE Cc 


turers, listed as B and C, respectively, 
in the tables. With the exception of 
those tests conducted on specimens of 
various widths, all test specimens were 10 
mm. square with notches of the dimen- 
sions noted. These were milled with a fly 
cutter, and carefully ground to match 
templates prepared for each type of 
notch. In general two breaks were 
made for any given set of conditions, 
although at times the number was in- 
creased. It is recognized that more 
values are required to establish the 
impact strength, but in this case closely 
comparable values gave correlative 
checks. 
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It has been shown photoelastically significant effect. This was shown by 
and otherwise that the effect of the Thomas’ who prepared specimens with 
shape of the lips of a notch is com- a notch angle of 60 deg. without affect- 
TABLE III.—COMPARISON OF NOTCH TYPES. 
Machine A. 


Notch Notch Room 

Type of Notch Depth Rest i Manner of Support Temper- —50C. —78C. : 
0.079-1n. DEPTH 
0.079 0.039 Simple beam (Charpy) { 
0.079 0.039 Simple beam (Charpy) { 
Keyhole............ 0.079 0.039 Cantilever (Izod) { 

0.1394, 

0.139 | 0.039 Simple beam (Charpy) { 
0.139 | 0.039 Simple beam (Charpy) { 
0.139 | 0.039 Simple beam (Charpy) { = 
Keyhole............ 0.139 | 0.039 Cantilever (Izod) { 
0.139 | 0.039 Cantilever (Izod) { 
0.139 | 0.039 Cantilever (Izod) { ae 

0.199 0.039 Simple beam (Charpy) { 
0.199 | 0.039 Simple beam (Charpy) { | 

_ 0.199 | 0.039 Simple beam (Charpy) { 
0.199 | 0.039 Cantilever (Izod) { | 

0.039 Cantilever (Izod) {| 3:9 | 


paratively slight due to the manner in ing his results. The point was also 
which the lines of force bend around the checked by the authors in a series of 
apex of the notch. Thusa U or keyhole 8 J. J. Thomas, “The Charpy Impact Test on Heat- 
notch may be opened to a V without Tone Mate» 
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tests made on specimens with V, U, and 
keyhole type notches, the depths and 
root radii being in all cases identical. 


TABLE IV.—IMPACT STRENGTH UNDER VARYING CONDITIONS. 


A study of the data shown in Table III 
bore out Thomas’ conclusions, and as a 


result V notches were chosen for all 
subsequent tests as being the most eco- 
nomical to prepare. 


Machine A. 
yy Notch Initial | Velocity | Impact Strength, ft-lb. 
ia. in. ft-lb. ft. per sec. Reem ~2BC. 
Stmpte Beam (CHARPY). 

9.0 | 109.6 41.0 36.0 

| 109.6 40.0 36.0 

110 12.8 105.3 7.5 4.0 

102.0 8.5 4.5 

0.079 18.1 (Stopped hammer) 3.8 

is 5.0 

12.8 130.0 40.0 39.0 

220 127.0 42.0 37.0 

! 18.1 121.0 9.5 5.0 

140.5 7.5 5.0 

9.0 102.6 44.0 35.0 

| 102.0 40.0 35.0 

110 12.8 89.0 eS 3.0 

72.5 5.0 4.3 

0.01 { 0.139 18.1 92.5 6.1 3.8 

77.8 4.5 4.3 

12.8 98.0 38.0 34.0 

18.1 84.0 4.5 3.3 

71.4 6.0 3.0 

9.0 91.4 41.0 36.0 

73.0 43.0 34.0 

110 12.8 51.0 4.0 3.0 

56.0 5.0 2.5 

0.199 18.1 52.8 5.4 3.3 

50.0 4.3 3.8 

12.8 75.0 40.0 34.0 

220 191.2 40.0 35.0 

18.1 53.0 3.8 2.7 

59.5 3.5 2.8 

3.5 3.0 

3.5 2.8 

9.0 (Stopped hammer) | (Stopped_hammer) 

10.0 

’ 110 12.8 104.3 94.3 54.5 

7 104.0 106.3 29.0 

‘|| 0.079 18.1 (Stopped hammer) 58.5 9.0 

“ 77.5 11.0 

: 12.8 170.0 103.0 49.0 

7 220 186.6 93.0 55.0 

: 18.1 187.0 75.5 12.5 

172.0 85.0 10.8 

9.0 (Stopped hammer) 82.0 56.0 

{ 0.139 110 85.0 54.0 

12.8 86.8 63.5 

100.3 57.5 4.0 

r 0.039 110 18.1 84.5 4.3 

| 76.8 38.3 3.8 

0.139 | 12.8 96.0 64.0 36.0 

220 99.0 79.0 49.0 

18.1 84.0 41.5 4.0 

91.0 41.5 3.5 

9.0 88.0 58.0 37.0 

90.0 62.0 56.0 

110 12.8 51.0 31.5 28.0 

60.0 40.0 - 5.0 

0.199 18.1 57.8 4.0 3.5 

56.8 34.0 4.0 

12.8 73.0 62.0 48.0 

220 67.0 62.0 33.0 

Y 18.1 68.0 4.8 2.8 

67.5 35.0 3.0 

| 63.0 35.5 4.8 

60.0 32.0 2.8 


In carrying out the sub-zero tests, 
the specimens were brought to the de- 


‘ 
Tu 
td 
a 
( 
> 
i 
bey 
> 
is 
a 
e 
( 
5 
x 


TABLE V.—IMPACT STRENGTH.UNDER VARYING CONDITIONS. 
Machine A. Cantilever (Izod). 


Notch Root | Notch Initial | Velocity | Impact Strength, ft-lb. - 


Specimen “Radius, in. | Depth, in. | | 
or all 90.0 42.0 | 34.0 
é 56.0 15.0 
t eco- 91.0 37.0 | 30.0 
90.0 56.4 | 18.0 
12.8 90.8 40.5 15.0 
92.3 34.0 10.0 
92.5 42.0 9.0 
i 110 92.5 14.0 14.0 
95.5 55.0 9.0 
93.8 53.0 11.2 
ew 0.079 93.5 77.0 13.0 
93. 10.0 33.0 
78C. 36.5 38.5 
18.1 83.8 84.0 20.0 
93.0 41.3 28.0 
——. 93.8 24.0 28.0 
36.0 90.3 39.0 6.5 
36.0 ; 12.8 88.0 38.0 35.0 
4.0 87.0 31.0 16.0 
4.5 220 92.0 42.0 10.0 
3.8 90.0 33.0 9.0 
5.0 91.8 32.0 17.0 
39.0 / 0.01 | 94.0 38.5 11.0 
37.0 94.5 33.5 9.0 
5.0 92.0 34.0 9.5 
5.0 Se 9.0 61.0 16.0 9.0 
35.0 59.0 25.0 6.0 
35.0 110 12.8 64.5 17.5 6.5 
3.0 61. 9. x 
43 Se 0.139 | 18.1 60.0 23.8 5.3 
8 8.8 . 
4.3 12.8 59.0 10.0 6.0 
34.0 220 56.0 21.0 9.0 
18.1 53.0 9.0 6.0 
3.3 60.0 14.5 6.3 
3.0 ae 9.0 36.0 16.0 9.0 
36.0 34.0 17.0 5.5 
34.0 Ne; %........ 12.8 40.5 22.5 3.5 
3.0 110 40.0 19.5 6.5 
2.5 athe 20.0 13.0 
3.3 0.199 21.5 4.5 
3.8 18.1 37.5 10.3 6.5 
34.0 38.0 7.3 7.0 
35.0 No. 29........ 12.8 35.0 9.0 6.0 
2.7 ; : 220 35.0 18.0 4.0 
2.8 18.1 37.5 15.5 3.5 
3.0 | 37.5 16.0 3.5 

81.0 a 9.0 98.6 99.0 71.0 
80.0 ; 95.6 90.0 76.0 
54.5 ee | 110 12.8 103.3 79.0 88.0 
29.0 104.5 97.8 86.0 
9.0 No.9....... ; 0.079 18.1 95.0 90.0 79.3 
11.0 94.8 85.8 62.3 
49.0 | ere 12.8 94.0 87.0 94.0 
55.0 : 9 220 98.0 84.0 74.0 
12.5 ee J 18.1 98.0 86.0 82.0 
10.8 99.5 86.0 62.0 
56.0 ee ; 9.0 63.6 56.0 47.0 
54.0 62.0 50.6 52.0 
7.5 ee 110 12.8 67.5 49.0 42.0 
4.0 ’ 65.0 49.0 50.0 
0.139 18.1 62.8 55.0 43.8 
61.5 54.3 51.8 
36.0 ae 12.8 63.0 47.0 47.0 
49.0 , 220 63.0 55.0 43.0 
4.0 ee 18.1 62.5 62.5 48.5 
3.5 : 65.0 53.5 43.0 
0.039 9.0 40.5 39.0 33.0 
39.0 34.5 34.0 
28.0 41.0 36.0 30.0 
5.0 37.5 37.0 33.0 
3.5 ne 12.8 41.0 44.5 30.0 
4.0 40.0 40.0 32.0 
48.0 110 40.0 43.0 29.0 
33.0 38.5 33.0 26.5 
2.8 42.0 41.5 29.5 
3.0 42.0 38.5 30.0 
Y 0.199 40.0 38.5 27.5 
. : “a 42.3 37.0 34.0 
18.1 41.8 35.0 29.5 
41.8 41.8 31.5 
7 40.5 41.0 31.5 
40.5 32.5 30.0 
ee 12.8 40.0 38.0 31.0 
39.0 37.0 34.0 
220 42.0 33.0 38.0 
| | 40.0 36.0 29.0 

34.5 
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sired temperature in acetone cooled with RESULTS OF SIMPLE BEAM TEstTs bu 
dry ice. Immersion for 30 min. was (Cuarpy METHOD) tet 
followed by a quick transfer to the Increase in the velocity from 9.0 ab 
testing machine with immediate ee 12.8 to 18.1 ft. per sec., as shown & m 
of the hammer. Stop watch measure Figs. 4 and 5, tended to reduce con ve 
ments showed that the complete oper- in 
ation was carried out in less ae 5 a: siderably the lo w temperature impact hi 
= : ; “" ‘od strength. It will be seen that at 110 ft- 

Temperature losses during this perio de 


have been shown by many investigators 


lb. initial energy with the 0.01-in. radius 


notch an increase from 9.0 to 12.8 ft. per 


se be negligible. sec. was sufficient to eliminate values 


& > 
160 
5120) 2979-7 | 0739-in 
= Depth 0/39-in. = epth Depth \*-78 
25 Depth 0.199-in- = 
| \ = 2 
_*-78 C. > 0 
YS | \ > 
E= 
| Depth £ 80 Depth 
‘ | = 
28 181 9 128 9 128 18) + 
Velocity of Blow, ft. per sec. ‘ 
Fic. 4.—Effect of Velocity of Blow onIm- —90 128-181 90 128 181 90 18 Bl 


pact Strength; Simple Beam (Charpy), 0.01-in. 


Velocity of Blow, ft. per sec. 
Notch Root Radius. elocity Pp 


Fic. 5.—Effect of Velocity of Blow on Im- 
pact Strength; Simple Beam (Charpy), 0.039-in. 


The testing in machine A was carried Notch Root Radius. 


out using combinations of the following 
conditions: 


The test data are shown in Table IV 


in the intermediate range, that is, to 
shift the critical temperature in which 
there is a change in the character of the 
fracture to a range between —50C. and 
room temperature. At 220 ft-lb. initial 
energy with the 0.01-in. radius notch a 
similar change occurred between 12.8 
and 18.1 ft. per sec. With the 0.039-in. 


— 


. Striking velocity—-9.0, 12.8, 18.1 ft. 
per sec. 

. Initial energy—110 and 220 ft-lb. 

. Notch depth—0.079, 0.139, and 0.199 in. 

. Notch radius—0.01 and 0.039 in. 

. Temperature—room, —50C., and—78 C. 


& 


for specimens loaded as a simple beam 
under the Charpy conditions and in 
Table V for specimens broken under 
cantilever loading according to the Izod 
method. Each type of loading is dis- 
cussed separately with respect to vari- 
ation in the testing conditions. 


radius notch the critical temperature 
range was maintained around —50 to 
—78C. In this case consistently lower 
values were evident with increased veloc- 
ity. It should be noted that increased 
velocity had a minor effect at room 
temperature when the steel was tough 
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but had no significant influence at low 
temperatures. The effect was notice- 
able only in the critical range of inter- 
mediate values. The effect of increased 
velocity is therefore primarily evident 
in a shift of the critical range to slightly 
higher temperatures and, to a minor 
degree, in a lowering of high impact 
values. 


T T T 
2160 Temperature 
x-78 C. 
£120 
E 0 | t | 


10 *220 220 220 
Initial Energy of Blow, ft-lb. 


Fic. 6.—Effect of Initial Energy of Blow 
on Impact Strength; Simple Beam (Charpy), 
0,039-in. Notch Root Radius, 12.8 ft. per sec. 
Velocity of Impact. 


° Room Temperature | 
x-78 C. 
—— Lmpact Strength 
2 120 ~~~ Specific Energy 
- 
5 80 
40 
a 
E 
0.199 0079 0.199 


0 
0079 0.139 
Notch Depth, in 


Fic. 7.—-Effect of Notch Depth on Im- 
pact Strength; Simple Beam (Charpy), 0.039-in. 
po Root Radius, 18.1 ft. per sec. Velocity 
of Blow. 


Increase of initial energy tended to 
raise the impact values, especially with 
deep notches, as illustrated in Fig. 6. 
A correlative observation was that in 
many cases increases of initial energy 
and velocity resulting when the same 
pendulum was simply raised higher, 
tended to compensate for each other so 
that values of a similar order were ob- 


pact Strength; Simple Beam, 18.1 ft. per sec. 
Velocit 
Blow. 


tained with the same hammer regardless 
of initial height. 

Under the Charpy type loading, the 
0.079-in. notch was so shallow that suffi- 
cient energy could not always be devel- 
oped to break the specimen, and even | 
under the latter conditions the impact — 
strength was abnormally high. With 
few exceptions the absorbed energy 


200 

s | _ © Room Temperature 

«78 C 

| 

“mn 

8 ao | |_| 

a 


0.01 0049 00! 0.039 00 0.039 
Notch Root Radius,in 
Fic. 8.—Effect of Notch Root Radius on Im- 


y of Impact, 220 ft-lb. Initial Energy of 


TABLE VI.—TEST DATA FOR SIMPLE BEAM 
(STANDARD CHARPY). 


Machine B 
Room —soc —78 C. 
Temperature 
60.9 36.8 7.6 
57.4 
51.8 29.4 Ved 
60.9 33.8 7.6 
55.5 40.2 73:6 
68.5 32.2 4.50 
62.7 32.2 
62.7 36.8 7.5 
60.1 Avg. 34.2 Avg.| 8.5 Avg. 


tended to be proportional to the area 
broken, as indicated in Fig. 7. There 
was, however, a slight tendency for the 
specific energy values to decrease with 
greater notch depth. It would appear 
that, in general, as long as a critical 
depth is exceeded, notch depth does not 
appreciably change the temperature 
limits of the critical range. When the 
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notch depth was sufficient, an increase 
from 0.01 to 0.039-in. radius produced 
only a very small increase in the very 
low and very high impact values but 
had a material influence on those in the 
intermediate range (Fig. 8). The effect 
was of a similar order to that produced 
by change of velocity and initial energy. 
With the 0.01-in. radius, the critical 
range was shifted to temperatures above 
—50C. so that all except the room 
temperature values were low. 


Summary of the Charpy Method: 

In the simple beam (Charpy) test it 
is evident that the critical transition 
range was shifted to higher temper- 


0 
90 12 


> 

2160 

_| | 
Se | | | 
£4 
z2 0.079-n Depth _01391n Depth 0199-in. Depth 
40 
| | ° oom Temperature 
as 0.079-in.| 78 C. [_ 
| | | | dept 
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81 90 28 81 90 28 181 
Velocity of Blow, ft. per sec. 


Fic. 9.—Effect of Velocity of Blow on Im- 
pact Strength; Cantilever Beam (Izod), 0.01-in. 
Notch Root Radius. 


atures by increase of striking velocity, 
decrease of initial energy, and decrease 
of notch radius. Beyond a critical 
value, notch depth had little influence 
on the transition temperature, and when 
it was 0.139 in. or greater the absorbed 
energy was roughly proportional to the 
broken cross section. 
Samples having the standard Charpy 
dimensions were also broken on ma- 
chine B having an initial energy of 
223.6 ft-lb., and a striking velocity of 
16.9 ft. per sec., with the results shown 
in Table VI. Under conditions most 
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closely approaching those of the tests 
in machine A, the initial energies were 
substantially the same. The differences 
of velocity, however, were significant 
as indicated below: 


Machine A (220 ft-lb.) | Machine 


B 
(223.6 
Veloc- | Veloc- | | 
ity, ity, | Value elocity, 
| 12.8 ft. | 18.1 ft. | ie? | 16.9 ft. 
Velocity, 
| pes | per | 16.9 ft. | 
| sec. sec. | per sec. sec. 
Room temperature.| 70.0 64.6 65.6 0.1 
| 62.0 | 26.6 | 34.5 | 34.2 
—78C . 3.4 11.5 8.5 


It will be seen that machine B gave 
results that compare very well with 
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Velocity of Blow, ft. per sec. 


Fic. 10.—Effect of Velocity of Blow on Im- 
pact Strength; Cantilever Beam (Izod), 0.039-in. 
Notch Root Radius. 


linearly interpolated values of machine 
A. It may be concluded, therefore, that 
although the standard Charpy test con- 
ditions gave different results on the two 
machines, the results are comparable 
when the correction is made for the 
effect of velocity. 


RESULTS oF CANTILEVER BEAM TEST 
(Izop METHOD) 


Unlike the results obtained in the 
tests of the simple beam type, (Charpy) 
the impact strength as measured in the 
cantilever type test (Izod) (Figs. 9 and 
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gave 
with 


erature 


10), was quite unaffected by variations 
in the velocity of the impact blow. This 
was true at all temperatures, initial 
energies, and notch depths and root 
radii. 

As in the case of the velocity factor, 
the cantilever (Izod) test was com- 
paratively insensitive to changes in 
initial energy. Figure 11 clearly shows 
this to be the case. No significant 


£120 
| ° Room Temperatur 

0 ‘ure 
2 
£ 40 \0.079-in. | —— | Depth | 
| Depth | 0/39:in 
| Depth 
£ 220 110 220 110 220 


Initial Energy of Blow, ft-lb. 


Fic. 11.—Effect of Initial Energy of Blow on 
Impact Strength; Cantilever Beam (Izod), 
0.039-in. Notch Root Radius, 12.8 ft. per sec. 
Velocity of Blow. 
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£ 80} 2 x-78 C, - 0799 t 

a Depth, 
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00! 0.039 00) 0.039 00! 0.039 


Notch Root Radius, in 


Fic. 12.—Effect of Notch Root Radius on 
Impact Strength; Cantilever Beam, 18.1 ft. per 
sec. Velocity of Blow, 220 ft-lb. Initial Energy. 


changes accompanied an increase in the 
initial energy from 110 to 220 ft-lb. An 
examination of data, however, showed 
that there was a tendency to a reduced 
spread of values for any given set of 
conditions with higher initial energy. 
The effect of varying the notch depth 
was to lower the impact strength with 
greater depth. As shown in Fig. 11, 
however, the decrease in impact strength 
was greater than the proportional de- 
crease in the cross-section broken. The 
critical range of transition from tough 


to brittle fracture was unaffected by the 
notch depth. 

Variations in the notch radius had 
little effect on high values, only a small 
increase resulting from a change from 
0.01 to 0.039 in. (Fig. 12). However, 
intermediate and low values were in- 
creased materially so that in these tests 
no extremely low values resulted with 
the 0.039-in. radius notch. That is, the 
transition range was shifted to tem- 
peratures below —78 C. 
Length of Cantilever Beam: 

For one reason or another, but usually 
due to wear or breakage of the striking 
edge, the distance between the top of 
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Fic. 13.—Effect of Length of Cantilever 
Beam. (Machine C). 


the vise and the point of impact may 
vary appreciably in the Izod test. For 
convenience, this factor was investigated 
on Izod machine C with the striking 
edge at the normal distance of 0.866 in. 
as well as at points 0.081 in. too long 
and 0.051 in. too short. The average 
results of the tests above mentioned 
are given in Fig. 13 and clearly indicate 
that the length of the cantilever beam 
has a very material influence on the 
impact values. As the distance was in- 
creased, the high values at room temper- 
ature decreased and the intermediate 
values at low temperature became higher. 

The smaller amount of energy re- 
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quired for bending with the longer radius 
is typical of what would be expected in 


static bending. If a wholly brittle 
fracture were obtained at the low tem- 
peratures, a similar decrease in absorbed 
energy might be also anticipated at very 
low values. Inasmuch as a larger 
amount of energy was absorbed as the 
beam length increased, it would appear 
that in intermediate ranges the greater 
length tends to change the fracture from 
a brittle to a tough type rather than to 
give the lower impact value that might 
be anticipated from geometrical con- 
siderations. 
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Fic. 14.—Comparison of Data Obtained on 
Cantilever (Izod) Machines A and C. 


Summary of the Izod Method: 


In the cantilever (Izod) test, initial 
energy and striking velocity had rela- 
tively little influence on the transition 
temperature. Increase of notch depth 
tended to raise the transition temper- 
ature somewhat, and increase of notch 
radius lowered the transition temper- 
ature strongly. A high initial energy 
appeared to be helpful in getting con- 
sistent results. The length of the canti- 
lever beam was found to be quite critical 
and must be maintained accurately to 
obtain reliable values. 

A comparison of the results of Izod 
tests made on machines A and C is 
illustrated in Fig. 14. It will be seen 


that the specimens of standard dimen- 
sions gave appreciably different results 
at low temperatures. However the 
trend was reversed when the specimen 
size was doubled. It is evident that 
there are differences of a secondary 
order that have not been explained, 
although in general the two machines 
gave results that were quite similar. 


CONCLUSIONS 


The tests described above have been 
limited to one steel with one heat treat- 
ment and have been carried out on only 
three machines in a narrow temperature 
range. To that extent the data and 
therefore the conclusions are limited, but 
it is believed that qualitative generali- 
zations are justified by the results. It 
is, therefore, concluded: 

1. That in both Charpy and Izod 
types the machines of different manu- 
facturers can be calibrated or the data 
adjusted to give comparable values. 

2. That the simple beam (Charpy) 
results are affected by the initial energy 
and velocity so that correction of the 
results would be necessary for compari- 
son of the data from machines in which 
these factors differ. The results are 
relatively insensitive to depth of notch, 
and the radius of the standard specimen 
is large enough to facilitate accurate 
machining. Comparable results between 
different Charpy machines, therefore, 
depend primarily on the original design 
rather than on maintenance in good 
condition and accurate specimen prepa- 
ration. 

3. That the cantilever beam (Izod) 
results are unaffected by initial energy 
and velocity but are influenced strongly 
by length of the cantilever arm. The 
results are also relatively sensitive to 
notch depth and radius. The accuracy 
of the Izod type machine appears to 
depend less on original design and more 
on careful maintenance of machine di- 
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mensions and on accurate specimen 
preparation. 

4. That general agreement may be 
anticipated between different machines 
of the same type but that imposition of 
an arbitrary minimum impact strength 
in specifications is not justified unless 
the testing temperature and minimum 
value are not severe or unless the condi- 
tions of the test are defined in much 
more detail than is customary at present. 

It is furthermore evident that veloc- 
ity as such has little if any effect on 
the results as long as the notch is suffi- 
ciently deep and sharp, and the speci- 
men of such a size that stress “concen- 
tration” can be realized. This has also 


On Impact Tests ON STEEL AT Low TEMPERATURES 


been confirmed by static tests in notched 
specimens in which the change from 
tough to brittle types of fracture could 
be induced by increasing the concen- 
tration of stresses under the notch. The 
observation that a brittle fracture may 
result solely from concentration of com- 
plex stresses carries the implication that 
the notch need not be present provided 
the section is sufficiently heavy to de- 
velop an appreciable stress in a direction 
normal to the surface. Thus, the con- 
clusion may also be reached from these 
tests that the notched-bar impact test is 
a suitable criterion for estimating the 
resistance to brittle failure of unnotched 
sections under static load. 
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DISCUSSION 


Mr. J. M. Lessetts! (presented in 
written form).—This paper is of interest 
in the further interpretation of the 
impact test. In Figs. 2 and 3, the 
transitions from the ductile fracture to 
the brittle type of fracture, so well 
explained by the German workers’, are 
clearly shown. Although it is men- 
tioned by the authors, it might be 
advisable to emphasize the fact that 
such fractures are entirely different, one 
being a ductile failure with large defor- 
mation, the other being a brittle fracture 
with little or no deformation. Engi- 
neers call them sliding and separation 
failures, respectively, as did Moser. 
Regarding the remarks on p. 671, engi- 
neers, I believe, consider that in the case 
of sudden failure of large forgings, where 
no deformation is possible and where 
three-dimensional stress may exist, the 
characteristic separation failure will 
result. This can also be shown experi- 
mentally by simple tension tests on 
notched bars*. If the width of the 
notch be sufficiently great, the normal 
shearing type of failure will result, but 
if the width of the notch is decreased, a 
stage will be reached at which the sepa- 
ration type of failure will result, due to 
the suppression of lateral contraction. 

It is agreeable to note that the authors 
are of the opinion that there is no great 
difference between the Charpy and Izod 
types. This serves to explain why these 
two types are more or less standard in 
European laboratories today. 


* 1 Associate Professor of Mechanical En ineering, 
Massachusetts Institute of Technology, Cambridge, Mass. 

2 Max Moser, “‘Notched Bar Tests,’”’ Transactions, Am. 
9 ema Engrs., A.P.M. 55-141, Figs. 4 and 5 
1933). 

4S. Timoshenko, “Strength of Materials,” Part II 
(Second Printing), p.674, D. Van Nostrand Co., New York 
City (1934). 


672 


Mr. M. F. Sayre’ (by letter).—This 
paper represents a very valuable and 
painstaking experimental survey of the 
effect of a range of variations in condi- 
tions upon impact results by the Charpy 
and Izod methods. A _ difficulty in 
commenting upon it arises from the fact 
that so much information has been pre- 
sented that it takes a good deal of time 
really to digest it. 

One definite conclusion, however, to 
which these results seem to point is that 
a knowledge of numerical value of impact 
strength obtained in any single test is of 
much less importance than a knowledge 
of the change of conditions needed to 
produce a brittle fracture. This leads, 
for example, to the statement that a 
series of carefully made reproducible 
tests, on specimens of standardized size, 
all at room temperatures, may tell very 
much less about the properties of a 
material than a similar series, possibly 
less carefully made, covering a range of 
sizes of specimens or a range of tempera- 
tures, or both. This will be particularly 
true if some of the specimens in this 
second series show brittle and others 
ductile behavior. Specimens which hap- 
pen to lie in the transition range between 
ductile and brittle behavior will of course 
not show reproducible results numeri- 
cally in successive tests, .yet may 
nevertheless give valuable information. 
Thus the very fact that the series of 
test results for Izod specimens with 
notch root radius of 0.039 in. in Table V 
are so delightfully consistent may be 
very good reason for refusing to use this 


4 Professor of Applied Mechanics, Union College, 
Schenectady, N. Y 
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type of specimen on acceptance tests 
for this material. 

The form of the notch and the tem- 
perature used in testing shoyld be so 
chosen as to insure, in so far as feasible, 
that material of a satisfactory char- 
acter will break with ductile behavior, 
yet a slight drop in quality will cause a 
brittle break. Standardization on the 
same type of specimen for all materials 
may turn out to be highly unwise. 
Failure to recognize this fact is a major 
reason why in the past, our results with 
the impact test have often appeared to 
be unsatisfactory. 

A couple of minor points: (1) In spec- 
imens which broke in ductile fashion, the 
impact energy value in these tables seem 
to vary more nearly as the square of the 
depth below the notch than as the first 
power. (2) Comparison between Table 
III and Tables IV and V is prevented 
because the initial energy and velocity 
of blow for the tests of Table III do not 
seem to be given. This additional 
information would be advantageous for 
further study of the results. 

Messrs. WALTER CRAFTS? AND JOHN 
J. Ecan® (authors’ closure by letter).— 
The reference by Mr. Lessells to the 
broader significance of the notched-bar 
impact test as a criterion of ductility 
under three-dimensional stress is com- 
pletely in concurrence with the authors’ 
opinion. As indicated on page 671, it is 
believed that the notch and dynamic 
loading act to produce in a small speci- 
men the same type of stresses that occur 
under static loading in an unnotched 
larger specimen, for example the plate 
of a pressure vessel. Obviously, as the 
stress normal to the surface of a plate is 

increased by increase in thickness of the 
plate, the need of resistance to three- 
dimensional stress and therefore of 
notched bar toughness, increases. For 
this reason there can be no fixed criterion 
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of adequate toughness, and logical choice 
between Izod or Charpy test must de- 
pend on relative sensitivity within the 
required range and adaptability to the 
use of larger and smaller than standard 
specimens. 
Mr. Sayre’s suggestion that the im- 
pact test should be so carried out as to 
define the degree of toughness is worthy 
of careful consideration. In addition 
to the variables described in the paper, 
the effect of width should also be in- 
cluded among the factors that can be 
varied to determine to what degree a 
“tough” steel can be submitted to severe 
loading conditions. The accurate de- 
termination of the test condition under 
which the fracture changes from “‘tough”’ 
to “brittle” implies a knowledge that 
the test is comparable to the service. 
In order to utilize the test properly, 
therefore, and in fact, in order to be 
assured of freedom from brittle failure, a 
more or less accurate correlation between 
the service and the test must be estab- 
lished. 
In regard to the increase of absorbed 
energy with the depth below the notch, 
no tests have been made to establish the 
true relationship. It is felt that, 
although the shape of the curve showing 
its relation between absorbed energy 
and cross-section of metal appears to 
be parabolic, above a certain critical 
notch depth the curve inclines to be 
linear. As the notch depth is decreased 
the volume of deformed metal increases 
greatly and, in effect, the notch radius 
increases to a very high value. The 
absorbed energy, therefore, increases 
sharply, but this is believed to be due to 
factors other than the increase in depth 
below the notch. ‘The tests in Table III 
were made with initial energies of 110 
ft-lb. for the Izod and 220 ft-lb. for thé 
Charpy tests, and striking velocities of 
12.8 ft-lb. for the Izod and 18.1 ft-lb. 
for the Charpy tests. 
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~ATMOSPHERIC CORROSION OF NON-FERROUS METALS AND ALLOYS 


By W. BorGMANnN! 


SYNOPSIS 


The results reported by Subcommittee VI on Atmospheric Corrosion of the 
Society’s Committee B-3 on Corrosion of Non-Ferrous Metals and Alloys 
covering the first three test periods (1, 3, and 6 yr.) have been critically 
reviewed. ‘The results of the weight-change measurements and the descrip- 
tions of the visual appearance were found to be of little use in forming a 
judgment regarding the relative corrosion resistance of the test materials. 
However, the results of the tests on change in tensile strength and percentage 
elongation are considered to be of considerable importance to the engineering 
profession. ‘The limitations in any attempt to evaluate the results in terms of 
corrosion resistance at this time are thoroughly discussed. However, a rough 
division of the materials into three classes is made, subject, of course, to the 
previously mentioned limitations. 


The work of Subcommittee VI of the The materials under test, the test 
Society’s Committee B-3 has now pro- locations, the method of mounting 


gressed for more than 12 yr. Morethan specimens and other details are ade- 


7 yr. of exposure have been completed 
and the results of three periods (ap- 
proximately 1, 3 and 6 yr.) have been 
published.?:*.4 An interpretation of 
the 1-yr. results has been made by 
Finkeldey.£ The author has been in- 
vited to review these results and to draw 
whatever conclusions that seem justified 
at this time with the results of five more 
years exposure available. All state- 
ments made are the opinions of the 
author and in no way represent the 
official action of Committee B-3. 


1 Head of Department of Chemical Engineering, Uni- 
eee | of Colorado, Boulder, Colo. 

2 Proceedings, Am. Soc. Testing Mats., Vol. 33, Part I, 
p. 234 (1933). 

* Proceedings, Am. Soc. Testing Mats., Vol. 35, Part I, 
p. 142 (1935). 

4 Proceedings, Am. Soc. Testing Mats., Vol. 38, Part I, 
p. 194 (1938). 

*W.H. Finkeldey, “The Early Interpretation of Test 
Results in the Atmospheric Corrosion of Non-Ferrous 
Metals and Alloys,’’ Symposium on Outdoor Weathering of 
Metals and Metallic Coatings, p. 69, Washington Regional 
Meeting, Am. Soc. Testing Mats. (1934). (Available as 
separate publication. 


quately described in an early report by 
the committee.’ In Table I (included 
for convenience) are given the twenty- 
four materials under test and the nine 
test locations. Measurements of change 
in weight of 9 by 12-in. plates were made 
on each material. Also, six standard 
tension specimens were tested from each 
material and location at each period of 
exposure. The data accumulated are 
voluminous and are vastly important. 
However, the remarks made in this 
paper must be taken simply as the 
trend after 6 yr. Modifications will 
undoubtedly be necessary as further 
results are forthcoming. 7 


Weight Change Measurements: 


For purposes of quantitative inter- 
pretation, the results of the weight 


* Proceedings, Am. Soc. Testing Mats., Vol. 32, Part I 
p. 214 (1932). 
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change measurements are useless.’ Even 
for a qualitative treatment, the results 
are difficult to interpret. Loss of weight 
must be due to loss of corrosion product 
from the metal through solution or 
erosion to such an extent that the 
remaining metal and any surface deposit 
weigh less than the original metal.* 
It is to be noted that the aluminum 
alloys, with few exceptions, show gains 
in weight. The copper alloys tend to 


| 


Material Composition 


Copper and Copper [Al- 
joys: 


Cu, 99.9+; O, 0.036 
Cu, 99.9+-; P, 0.007 
Cu, 96; Si, 3; Mn, 1 
Cu, 92; Sn, 8 
Cu, 66.4; Zn, 19.3 
: Al, 5.9; Fe, 4.6; Mn, 3.8 
Cu, 85; Zn, 15 
Cu, 70; Zn, 30 
Cu, 70; Zn, 29; Sn, 1 
Cu, 75; Ni, 20; Zn, 5 
Cu, 70; Ni, 29; Sn, 1 
Aluminum and Aluminum 
Alloys: 
; Al, 99+ 
Al, 99; Mn, 1 
Al, 95; Cu, 4; Mn, 0.5 
Mg, 0.5 
Al, 98; Mg, 0.5; Si, 1 
Aluminum-coated 


Duralumin (alloy O) 


Ni, 65; Cu, 32; Fe, 2 
Mn, 1 


Lead and Tin: 
Pb, 99.92; Cu, 0.06 
Pb, 99; Sb, 1 
EE... Sn, 99.85+ 

Zinc: 
AA.. Zn, 99; Pb, 0.85 
Zn, 99.9+- 


give losses of weight in industrial 
atmospheres (except Rochester) and 
gains in seacoast atmospheres. The 
nickel-copper alloy (S), nickel, lead, and 
zinc show losses of weight almost uni- 
versally at the end of 6 yr., whereas, tin 
shows an increase of weight in every 


7A summary of weight loss results is given in Pro- 
ceedings, Am. Soc. Testing Mats., Vol. 38, Part I, pp. 
202-213 (1938). 
. *An excellent discussion of weight change results is 
given by W. H. Finkeldey, Jbid., pp. 72-78. See also the 
iscussion by J. C. Hudson of this paper, p. 93. 


TABLE I.—A.S.T.M. ATMOSPHERIC CORROSION TEST ON NON-FERROUS METALS. 


oF Non-FERROUS METALS 675 
location. Undoubtedly, the solubility 
of the corrosion products on zinc, and 
nickel, and to a less extent on copper, 
in the dilute acid formed by rain is an 
important factor influencing the losses 
shown by these metals and alloys in 
industrial atmospheres.® Erosion must 
play the major role in the case of 
lead. The corrosion products on metals 
at the seacoast locations are in atmos- 
pheres relatively free of acidic gases, and 


Location Test Location Type* 
1 Pa. 
0.2 toona, Pa. 
No. 4 New York City Industrial 
No. 6 Rochester, N. Y. 
No. 5 Sendy Hook, 
No.7 Key West, Fla. Seacoast 
No. 9 La Jolla, Calif. 
No. 3 State College, Pa. 
No.8 | Phoenix, Ariz. Rural 
* See Proceedings, Am. Soc. Testing Mats., Vol. 38, 
Part I, p. 200 (1938) for complete summary of meteoro- 
logical data. 


hence, erosion probably accounts for any 
losses met in such environments. 
Unless the techniques developed by 
Vernon” and Hudson" are followed, and — 
that is quite impossible in the present 
case, change in weight measurements of _ 
W. H. J. Vernon, “Second Report to British Non- 
Ferrous Metals Research Association,’ Transactions, 
Faraday Soc., Vol. 23, p. 113 (1927). : 
Hudson, “Third Report to British Non-Ferrous 


Metals Research Association,” Transactions, Faraday 
Soc., Vol. 25, p. 178 (1929). 


* See discussion by J. C. Hudson of Finkeldey paper, 
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atmospheric corrosion can never have a 
quantitative meaning. The corrosion 
of a few metals such as zinc, and possibly 
nickel, in strongly industrial atmospheres 
can be followed in a semi-quantitative 
manner by simple weight loss measure- 
ments as the amount of corrosion 
product clinging to the surface is slight.” 
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ment. The data on which the tensile 
strengths have been calculated (the 
cross-section of the specimen and the 
load) are, at best, only good to three 
significant figures. Hence, all other 
figures in the published tensile strengths 
should be rounded off and a uniform 
procedure adopted in future publica- 


TABLE II].—-PERCENTAGE CHANGE IN TENSILE STRENGTH IN 6 YR. (BASED ON STORAGE 
SPECIMENS) 2 
Pitts- New Roch- | Sandy Key State | : 
Altoona, La Jolla, Phoenix, 
Material | Dureh, pa. | West, | “calif. '| College. |" Aris. Initial 
1 2 e 1 #4 5 7 9 3 8 
—5 —3 —2 (0) —6 —2 (—1) 5 
-11 (—5) -6 (—2) —1) 
(-3) | (-3) | (41) (0) | (+1) -4 (0) +3) +4 
-8 -7 (—4) | (-6) | (-—3) | (41) —2) | (-1)° 
—H —37 —17 23 —16 —32 (—4) —6) —1) 
—3 -3 (-—1) | +1) —2 
-17 —18 —3 -7 (-1) —4 (0) (—1) 
—§ -6 —3 (-1 +2 
—5 —6 —4 —2 —2 (—1) (—1) 0 +2 
(—5) | (-2) | (-3) —4) | (-7) | (—3) | (42) 0) (—2) 
(—1) —3 (-2) | —19 (-1) | (-1) —2 
-7 —4 (0) | (—2) (0) —6 (—1) | (—2) (0) 
—8 —10 —4 —6 —2 —38 (0) (0) —2 
—13 —6 —10 -3 —28 —2 —10 
(-1) (0) | (-2) (—1) (+1) (0) (0) (—1) (—1) 
-2 -3 | (0 | - 0) (0) (0) (0) (0) 
-8 -7 —2 (-1) 0) (0) | (+1) (0) - 
a. | (+42 +3 +3 +3 +3 +4 +3 +4 +11 
(—2) —3 (—2) (—1) (—2) —2 (0) —4 +10 
—12 ~ —15 —13 ~19 —13 +9 
-13 -6 ~6 —3 —20 +2 
HH —14 —16 —13 -4 | -4 —2 (—2) 


° The results in parentheses are not significant at p = 0.01. 


> Value for use with results from stations 1 to 7. 
© Value for use with results from stations 8 and 9. 


Change in Tensile Strength: 


The change in tensile strength are the 
most important results gained from the 
investigation and the committee is to be 
complimented in making them available 
to the engineering profession. The only 
conclusions drawn by the author are 
based on these results. The original 
test data for the initial tests and the 
6-yr. tests have been completely ana- 
lyzed by the author. The study of the 
results has brought out certain technical 
details of calculation that require com- 


. ps See discussion by J. C. Hudson of Finkeldey paper, 


tions. Secondly, it would have been 
valuable to have published the standard 
deviations for each averaged result.” 
The estimated standard deviation has 
been calculated for the 6-yr. results 
according to the following formula™ and 
is given in Table II: 


o’ est. = 


18Manual on Presentation of Data, sponsored by 
Committee E-1 on Methods of Testing, Proceedings, Am. 
Soc. Testing Mats., Vol. 33, Part I, p. 453 (1933). (Also 
available as separate publication.) 

“UR. A. Fisher, “Statistical Methods for Research 


(x — x)? 


1 


Workers,” Sixth Edition, p. 47, Oliver & Boyd, Edinburgh 7 
and London (1936). 


The above formula gives a somewhat 
more conservative estimate of the stand- 
ard deviation of small samples than 
the one suggested in the A.S.T.M. 
Manual.” If the sample size 7 is 6, it 
is only necessary to multiply the values 
given in Table II by 0.912 in order to 
estimate the standard deviation as 
calculated by the formula in_ the 
A.S.T.M. Manual. Asa test for signifi- 
cance, Subcommittee VI uses a formula*® 
to calculate the ‘maximum percentage 
difference due to chance.” The author 
felt that an alternative test for signifi- 
cance might be valuable, particularly as 
a check on the formula employed by the 
subcommittee. Hence, Student’s ‘“‘t- 
test’"® for the significance of the dif- 
ference of means was applied to compare 
the mean of the storage tests with that 
of the 6-yr. exposure tests (see Table 
III). Using a 0.01 level of probability 
of significance, there are 13 out of a 
possible 216 comparisons where the 
method employed by the author does 
not agree with that of the subcommittee. 
However, 11 of the 13 cases are readily 
accounted for by the slight difference 
in significance level between the two 
methods. The other 2 cases, namely, 
for material F at Rochester and Sandy 
Hook, represent quite real differences 
for which no explanation has been found. 
On the whole there is excellent agree- 
ment between the two methods of 
judging significance, and it is suggested 
that the formula used previously by 
Subcommittee VI is quite satisfactory 
for future use. And finally, several 
typographical errors in the tables of 
published data were found. These 
should be carefully checked before 
further publication. 


A. Fisher, Ibid., p. 128. 
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It has been difficult to find a criterion 
suitable for interpretation of the results, 
The important result is the percentage 
change of tensile strength. An estima- 
tion of this value gives but one result for 
each metal at each location and for each 
period of exposure—rather than six. 
However, if we assume these single 
values to represent our best estimate of 
corrosion damage, a modification of 
Student’s ‘‘‘é-test’"® is applicable. An 
alternative, and more exact, method 
can be applied for comparing the 
different environments. The tensile 
strength measurements themselves can 
be used for this purpose—a comparison 
being made between the average strength 
of all alloys under consideration in one 
location and that strength in the other. 
The two methods check each other 
reasonably well and give support to the 
use of the first method, which is the 
only one applicable to comparison of 
metals. The following statements are 
made from a statistical study of the 
6-yr. results using the above tests for 
significance. 

Comparison of Atmospheres.—Using 
the mean results from all twenty-four 
alloys as an estimation of the severity of 
corrosion, one finds that there is no 
significant difference between the at- 
mospheres classed as industrial and those 
classed as seacoast. The seacoast and 
industrial atmospheres are more corro- 
sive than rural. Among the industrial 
type of atmospheres, those at Altoona, 
Pittsburgh, and New York are quite 
similar in behavior and are all much more 
corrosive than the atmosphere at Ro- 
chester. La Jolla is the most corrosive 
of the seacoast locations, Sandy Hook, 
second, and Key West, least. The 
rural atmospheres are not significantly 


A. Fisher, [bid., p. 126. 
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different in behavior at this time, al- 
though, as one would expect, Phoenix 
tends to be the least corrosive of all. 
Both Rochester and Key West are more 
corrosive than State College. 

The most important factor in the 
corrosiveness of “inland” atmospheres 
is undoubtedly the sulfur dioxide pollu- 
tion. The other meteorological fac- 
tors!?: 8 apparently play but a minor 
role. It is difficult to judge the most 
important factor in the seacoast 
locations. Certainly, the averaged mete- 
orological data, such as temperature 
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preciable amounts during violent storms. 
One would hazard the guess that points 
along the New England coast might 
approach the corrosiveness of La Jolla. 

Copper Alloys.—The copper alloys as 
a group show excellent resistance to 
atmospheric corrosion. They are some- 
what more corroded by industrial than 
by seacoast atmospheres, possibly ex- 
cepting that at La Jolla. Alloy K 
(manganese bronze), however, shows 
outstandingly poor corrosion resistance 
as well as having highly variable physical 
properties initially. Table IV indicates 


TABLE IV.—THE INFLUENCE OF TIME ON THE PERCENTAGE LOSS IN TENSILE STRENGTH. 


Length | Pitts- | Al New York Roch- Sandy Key L " State | — 

of Ex- | burgh, | Altoona, |New York) | Hook, | West, | College, | Phoenix, 
Material | posure, | Pa. Pa. City N.Y. N. J. Fla. Calif. "| Ariz 
yr. 1 2 4 6 5 7 9 3 8 

1 -3 —8 —4 —1 +10 +3 —-19 +2 +3 
3 —13 —21 +5 —28 —5 -9 

6 —30 —37 —17 —23 —16 —32 —6 

| —12 —3 -1 —4 0 

6 | —14 -17 —18 —3 -1 —4 —2 0 

1 | —4 —10 -9 —3 —10 —4 —35 +1 
3 —7 —8 —4 -9 —4 —33 —2 0 

6 | —7 —8 —10 —4 —6 —2 —38 0 0 

1 —6 —6 —3 -1 —20 —1 +2 
3 —6 —8 —24 —3 +5 

6 —13 —6 —10 —3 —28 +3 

1 —3 —2 —2 -1 —1 +1 —4 —1 +1 
3 —4 —5 —1 0 —6 —2 +1 

6 —12 —15 —12 —13 —4 —4 


rainfall, humidity, etc., are no criteria. 
Small differences in the physical loca- 
tion of the racks apparently have the 
greatest influence. The test rack at 
La Jolla is located at the edge of a 
rocky shore, and, consequently, the 
metals must be in an almost perpetual 
sea-water spray. The coast at Sandy 
Hook and Key West is sandy and the 
racks are at least one hundred yards 
away from the sea. Hence, sea spray 
will only reach the specimens in ap- 


7G. N. Schramm and E. S. Taylerson,“‘The Influence 
of Rainfall and Smoke on the Corrosion of fron and Steel,” 
ymposium on the Outdoor Weathering of Metals and 
Metallic Coatings, f 62, Washington Regional Meeting, 
Am. Soc. Testing Mats. (1934). (Available as separate 
publication.) 

'8 Discussion by R. F. Passano, W. H. J. Vernon and 


of paper by Schramm and Taylerson, Ibid 


that the loss in tensile strength of this 
alloy is becoming greater with time. An 
interesting comparison can be made 
between alloys L (85 per cent brass) 
and M (70 per cent brass). The former 
is significantly better than the latter, 
indicating the value of high-copper 
brasses for outdoor use. Alloy N (70 
per cent copper, 29 per cent zinc, 1 
per cent tin) compares closely in com- 
position with alloy M (different only 
in tin). However, alloy N, while not 
significantly better than M at this 
time, will probably prove the better 
alloy after the next exposure period. 
There appears to be little to choose 
between the other alloys. 

Aluminum Alloys.—Alloy I (1 per 
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cent manganese) appears to be the best 
of the uncoated aluminum alloys from 
the standpoint of change in tensile 
strength. However, it is no better than 
alloy G (commercial aluminum) in all 
atmospheres except La Jolla. Both 
show good resistance as judged by 
change in tensile strength. The strong 
alloys, O (duralumin) and Z (1 per 
cent silicon, 0.5 per cent magnesium), 
are somewhat more susceptible to cor- 
rosion. The losses of tensile strength 
at La Jolla are excessive. However, as 
pointed out by Dix,!*® the percentage 
losses are materially influenced by the 
thickness of specimen and little further 
change occurs after a period of 1 yr. 
His observations are confirmed by the 
present results. The change in tensile 
strength (particularly of alloy O) was 
most marked after 1 yr. and further 
changes have been small (see Table IV). 
The alloy FF (aluminum-coated duralu- 
min) is withstanding corrosion, as judged 
by loss in tensile strength, perfectly. 
Nickel and Nickel-Copper Alloy. 
Both materials, and particularly alloy S 
(nickel-copper), show excellent resist- 
ance to corrosion in all atmospheres 
Alloy T (commercial nickel) is somewhat 
affected by industrial atmospheres. 
Lead, Lead-Antimony, Tin.—The re- 
sults of alloy U (commercial lead) need 
an explanation. This alloy, as compared 
with storage results, has gained strength 
to a significant extent in practically all 
locations. However, in comparison with 
the initial tests, appreciable losses are 
to be noted. Possibly the exposed 
specimens were cold worked slightly. 
Certainly, an appreciable amount of 
creep must have occurred considering 
the distance between supports. The 
stronger alloy CC (lead-antimony) does 
not show the foregoing anomaly. Good 


19 E. H. Dix, Jr.,“‘Corrosion Resistance of Structural 
Aluminum,” Proceedings, Am. Soc. Testing Mats., Vol. 
33, Part II, p. 405 (1933). Also see discussion, p. 413. 
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corrosion resistance is shown by this 
alloy. Alloy EE (commercial tin) shows 
surprisingly high loss in strength, even 
at Phoenix. The high loss is probably 
explained by the fact that the attack 
was localized (pitting) in almost every 
case. 

Zinc.—The three zincs (alloys AA, 
BB and HH) all behave similarly and are 
corroded most severely by the seacoast 
atmosphere of La Jolla and the three 
strongly industrial atmospheres. ‘There 
is no significant difference among these 
three alloys. The amount of damage 
has increased steadily with time, as 
indicated in Table IV. 


Changes in Percentage Elongation: 


The changes in elongation parallel 
the changes in tensile strength in gen- 
eral. However, it should be noted that 
the metallic property measured by a 
determination of the percentage elonga- 
tion over a definite gage length is vague, 
to say the least. The large number of 
cases of apparently significant gains in 
elongation and the very general condi- 
tion of large variation between measure- 
ments on the same material lead one to 
have a certain skepticism about use of 
the results. Further, the use of speci- 
mens machined to shape before exposure 
will overly emphasize the change in 
elongation because of the notch effect 
of pits along the edges. It is also 
difficult to extrapolate the results of 
change in elongation to other thick- 
nesses of material. The following dis- 
cussion is based on a qualitative study of 
Table V, which gives the percentage 
change in elongation after 6- yr., as 
taken from the published reports. The 
values in parentheses are those less 
than the “maximum variation due to 
chance.” It was felt that these results 
did not warrant the treatment given 
the tensile strength results. 


Copper and Copper Alloys.—The cop- 
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per alloys, with the exception of alloys 
K (manganese bronze) and M (70 
per cent brass), show only small or 
in elongation. 
Alloy K has very high losses of elonga- 


insignificant changes 


| Pitts- 


| Altoona, | 
Material a. Pa. 
(—1) (+1) 
(—4) (—4) 
(—2) (+1) 
(<3) (0) 
+4 +4 
—35 —68 
(0) (0) 
—12 —19 
+3 (+2) 
(—1) (—1) 
(+4) (+4) 
—20 
—18 | (—11) 
| —33 —37 
| —36 —44 
—10 —§8 
(0) | (0) 
(0) (—1) 
(+1) (-1) 
(—1) 
(—1) (—1) 
AA.. (—18) —27 
BB.... —9 —16 
HH... (—7) —15 


BORGMANN ON CORROSION 


parent. 


(BASED ON STORAGE SPECIMENS)? 


Data Taken Directly from 1938 Committee Report 


New Roch- 
York | ester, 
City | 
(—2) (0) 
—4 —2) 
(-1) +1) 
(0) +1) 
+3 —2) 
—52 —68 
(0) (—2) 
—17 
+4 | (+3) 
(—2) | re 
(—7) | (+4 
|; —24 | —16 
|} | (7) 
| —48 —29 
—42 —40 
| (-) 
| (+2) —2) 
| | (-1) 
| (-3) | (-18) 
| —7 | —17 
| (-3) | (-S) 
(-10) | —30 
(—4) 
—11 —16 


OF Non-FERROUS METALS 


The influence of the addition of 1 per 
cent tin (alloy N) is strikingly ap- 
The loss in elongation increases 
with time (see Table VI) for the two 
alloys discussed (K and M). 


TABLE V.—PERCENTAGE CHANGE IN ELONGATION AFTER SIX YEARS ATMOSPHERIC CORROSION 


| Hook, 
N. J. 


Sandy 


wn 


Value for use with results from stations Nos. 1 to 7. 
© Value for use with results from stations Nos. 8 and 9. 


TABLE VI.—THE INFLUENCE OF TIME ON THE PERCENTAGE LOSS IN PER CENT ELONGATION IN 2 IN. 


Length Pitts- 


of Ex- burgh, 
Material posure, Pa. 
| yr. 1 
1 
3 —16 
6 —35 
1 0 
3 —3 
6 —12 
1 —23 
3 —33 
6 —33 
1 —22 
3 —23 
6 —36 
1 —2 
3 —6 
6 -9 


Altoona, 
P 


New 
York 
City 


Roch- 
ester, 


| Sandy 


° The values in parentheses are those less than maximum variation due to chance. 


Key 


“7, | La Jolla, 

Wests | “Calif. 
| 7 9 

-% | 
| -2 
—52 —30 —87 
—45 —92 
—40 —29 —87 
-33 | | —90 
—30 -71 
—33 —32 —80 
—45 —48 —82 
—45 


tion in all locations except at State 


College and Phoenix. 


Alloy M shows 
an appreciable loss of elongation in the 
three severely industrial atmospheres. 


State 
Phoenix 
College, 
Pa. 
3 
(—1) (—1) 
—4 
(—1) 
(—1) (+1) 
+5 (+4) 
(—3) | (—18) 
(+1) 
0) (-3) 
(+3) ( 
(0) (+1) 
(—3) (+2) 
(+2) (+4) 
(+7) (+1) 
(—6) 
(—10) —15 
(—6) (+2) 
(+1) (—1) 
(+1) 
(—4) (+4) 
(—6) (0) 
(+10) (-S) 
(—5) (+7) 
(+3) + 
(—6) 


State 


Phoenix, 
Ariz. 
3 8 
—9 -15 
—10 —15 
Alloys. 


Aluminum and Aluminum 


The decrease in percentage elongation 
for the aluminum alloys is quite marked. 
This i: particularly true with alloys O 
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(duralumin) and Z (1 per cent silicon, 
0.5 per cent magnesium). However, 
the loss apparently is not progressive 
since the loss after one year is virtually 
as great as after 6 yr. (see Table VI). 
Alloy FF (aluminum-coated duralumin) 
has lost little of its original ductility 
and exhibits quite satisfactory behavior 
on the whole. Further work along the 
lines of that described by Dix'® is 
needed in order to evaluate the effect of 
thickness on the change in ductility. 
The work reported by Dix does indicate 
that the loss in elongation is materially 
reduced with thicker sections. However, 
there is a definite need for a thorough 
study of the subject—not only on 
aluminum and its alloys, but also on the 
other metals and alloys. 

Nickel and Nickel-Copper Alloy. 
The alloys S (nickel-copper) and T 
(nickel) show no significant change in 
elongation at any location. 

Lead, Lead-Antimony, and Tin. —Alloy 
U (lead) shows no significant loss in 
elongation, although the losses are quite 
high at Rochester and La Jolla. Alloy 
CC (lead-antimony) has appreciable 
losses at Altoona, Rochester, and La 
Jolla. Alloy EE (tin) behaves poorly 
in the marine atmospheres. 

Zinc.—The three zincs show ap- 
preciable losses in the industrial at- 
mospheres and at La Jolla. The change 
is progressive (see Table VI) with time. 
The elongation of the purer alloys (BB 
and HH) is less affected by corrosion 
than that of alloy AA. 


Visual Appearance of Alloys: 


The descriptions of the visual ap- 
pearance of the alloys made by the 
members of the inspection subcommittee 
are concise, clear, and to the point.” 
These descriptions will prove to be 
valuable aids in selecting structural 


20 Proceedings, Am. Soc. Testing Mats., Vol. 38, Part 
I, pp. 202-213 (1938). 


materials from the appearance stand- 
point. The notes on the character of 
attack are also of considerable value in 
interpreting the results of the physical 
property tests. Their value in this 
respect will grow in importance as the 
test continues. However, no other con- 
clusions regarding the utility of the 
various alloys can be drawn from such 
results. 


General Discussion of Test Program and 
Conclusions: 


Considering only the results of the 
tension and elongation tests as a basis 
for discussion, the several limitations 
of the data should be clearly understood. 
The data are not basically suited to 
very narrow comparisons due to the fact 
that the change of properties can only 
be measured by noting the changes of 
the mean values of two separate sets of 
specimens. Thus, a single value must 
represent the change for any material, 
and the usefulness of tests of significance 
is distinctly limited. Furthermore, the 
results must be considered as only 
rigidly valid for thin-gage sheet mounted 
vertically, until such time that we have 
further information on the influence of 
size, shape, and position for each 
material. It is quite certain that all 
these factors are influential in deter- 
mining the time change of physical 
properties. The use of machined ten- 
sion specimens has been questioned and 
the suggestion is made that the 9 by 
12-in. specimens be machined to tension 
specimens at the end of the test and used 
to check the tension and elongation 
results. It is felt, also, that the present 
test would have been strengthened had 
each material been chosen from several 
commercial lots and the allocation of 
specimens made by chance, but re- 
stricted so that each lot of material 
would be represented in each test sample. 
Such a test sample would have been more 
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representative of the material. The 
effect of possible variations in material 
from point to point would have been 
controlled and the anomalous results 
met with in the present data probably 
avoided. 

The outstanding feature of the results 
is the inherent resistance to corrosion 
by non-ferrous metals in general. Con- 
sidering the thinness of the sheet used, 
it is remarkable that only a few mate- 
rials have shown really appreciable 


No allowance has been made in these 
ratings for significance of results. It is 
felt that large changes in strength or 
elongation are important in any event. 
If they are not significant, the material 
shows high variability—a distinct disad- 
vantage in itself. The boundaries of the 
groups are strictly arbitrary, but the 
resulting grouping is quite reasonable. 
The relative ratings of the alloys may 
well have to be modified after the next 
test period, particularly in view of the 


TABLE VII.—CLASSIFICATION OF ALLOYS IN ORDER OF THEIR RESISTANCE TO CORROSION AS JUDGED 
BY LOSS IN TENSILE STRENGTH AND ELONGATION. 


Industrial Seacoast Rural 
Pittsburgh, | Altoona, |New York | Rochester, Senty | Key West, | La Jolla, oe. Phoenix. Ari 
Pa. Pa. City N. Y. NT Fla. Calif. — 
1 6 | 7 9 3 8 
Crass A 
Tensile loss, 5 per cent or less 
Elongation loss, 10 per cent or less 
A,B,D,S | A,B,D, | A,B,C | A,B,C,D|A,B,C | A,B B, D, I ARCS 
U,CC, FF N,P,Q |D,O,S |F,LL,M/sD,LL |C,D |\L,M,N |F,G,1,K |F,G,LL 
FF | FLL | LM, N,O M, N, 0, P 
| FF T S,T,U, |M,N | 7,0, FF | 0, 'U 
| CC, FF | P,S U, Z, BB A, BB, CC 
HH ITU | CC, FF FF, HH 
| AA, BB HH 
CC, FF | 
HH | | 
Crass B 
Tensile loss, 10 per cent or less 
Elongation loss, 20 per cent or less 
.F,G,1 |C,F,G |F,1,L |G,U,BB |F,G,M |G,Q A,C,CC | AA,EE |K,Z 
L,N,P,Q | LL, |N,P,T | CC, EE | AA, BB 
| 5 id | | FF, HH | 
Crass C 
All others. 
K,M,0,Z K,M,O _G,K,M |K,0,zZ |K,0,Z |K,O !G,LK EE 
AA, BB, Z, O, Z, AA | AA | EE |Z, EE O, Z, AA 
EE, HH BB, EE | BB, EE, BB, EE 
HH | HH | | 


losses in strength and ductility. Many 
of those materials, furthermore, ap- 
parently undergo but slight changes 
after the first period of exposure. 
Remembering the foregoing limita- 
tions, one can make a rough rating of the 
corrosion resistance of the alloys under 
test. Three classes of resistance have 
been chosen, A, B, and C, in descending 
order of resistance. The order of listing 
of alloys in each class is alphabetical 
(Table VII). 


likely differences in the time-corrosion 
curves of the various materials. How- 
ever, in view of the general agreement 
with a similar rating made by Finkel- 
dey at the end of only one year’s 
exposure, it is felt that the rating should 
serve as a good guide in the choice of 


21 W. H. Finkeldey,‘“‘The Early Interpretation of Test 
Results in the Atmospheric Corrosion of Non-Ferrous 
Metals and Alloys,’ Symposium on Outdoor Weathering 
of Metals and Metallic Coatings, pp. 76-78, Washington 


ss Regional Meeting, Am. Soc. Testing Mats. (1934). (Avail- 


able as separate publication.) 
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thin sheet materials for use without 
protective coatings. 

In conclusion, special recognition 
should be given to the personnel of 
Committee B-3, and especially to those 
members of Subcommittee VI who have 
devoted so great an amount of time 
and energy to the successful, although 
at present only partial, fulfillment of an 
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extremely ambitious and valuable test 
program. The results of this work will 
help greatly towards a better under- 
standing of the nature and extent of 
atmospheric corrosion. Already, the re- 
sults have opened many new problems 
to be solved, but our knowledge of the 
atmospheric corrosion of non-ferrous 
metals has made a great advance. 


d 
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the 


Mr. H. F. Dopce.’—I think Mr. 
Borgmann is to be warmly congratulated 
on the thorough analysis he has made 
of these results. His suggestion that 
the standard deviations as well as the 
averages of samples be presented is an 
excellent one. If this is done, the 
essential information contained in the 
data will be made available for such 
further analysis as the committee may 
wish to carry out. I should like to 
raise one question, however, with respect 
to the statement he makes relative to 
formulas for standard deviation. On 
page 677 he gives a formula for estimated 
standard deviation. At the top of page 
678 he states: “The above formula gives 
a somewhat more conservative estimate 
of the standard deviation of small 
samples than the one suggested in the 
A.S.T.M. Manual.” The statement 
that this formula gives a “more con- 
servative estimate” is misleading, I feel, 
inasmuch as the manual formula relates 
specifically to the observed standard 
deviation in the sample and not to an 
estimate for picturing what a very large 
number of tests would show. The pro- 
posal to publish an estimated value of 
standard deviation as against the ob- 
served standard deviation raises certain 
questions that should receive careful 
consideration. Presenting an estimated 
value for individual samples of six speci- 
mens each might be useful if the sole 
purpose of the tests were to consider 
each sample separately rather than to 
consider that sample as one providing 


! Member of Technical Staff, Bell Telephone Labora- 


tories, Inc., New York City. 
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partial evidence in the whole series of 
tests. Actually, I believe that the 
committee is interested in correlating or 
bringing together the cumulative re- 
sults at the end of 1, 3, 12 yr., etc., to 
get a picture of the general tendency of 
the over-all results, rather than to con- 
sider separately the results of individual 
samples at each test period. I believe 
that the most useful form of presenta- 
tion, when this is the case, is to present 
the observed standard deviation in a 
sample rather than an estimated value, 
that is, to present what you might call 
factual data rather than an interpreta- 
tion. 

Mr. R. F. PAssano.2—The comments 
which Mr. Borgmann makes about 
change of strength are based in the case 
of each material on a comparison of the 
tensile strengths shown by two samples 
of six specimens. One of these was in 
storage for 6 yr., while the other was 
out-of-doors for approximately the same 
length of time. He chooses to compare 
the two samples by one statistical tech- 
nique where Subcommittee VI of Com- 
mittee B-3 chose to use another. 

It happens that exposed and storage 
samples have been broken on_ three 
different occasions: after 1, 3, and 6 
yr., approximately. Also, one sample 
of each material was broken originally 
in order that something might be known 
about initial properties. I hold that 
the information in all of these samples 
should be taken into consideration by 
anyone who attempts a judgment of the 


2 Research Engineer, The American Rolling Mill Co., 
Middletown, Obio. 
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materials and the way in which they 
corrode. 

As an illustration, the accompanying 
Table I gives data on material AA, Prime 
Western zinc, for the storage samples, 
and those exposed at Altoona and State 
College, Pa. 

So far as the storage samples allow 
one to go, the material is uniform. This 


is worth knowing, as we shall see later. 
Under these conditions, the average 
tensile strength of 29,604 psi. is a better 
value for the strength before attack than 
the strength of the individual samples of 


TABLE I. 


DISCUSSION ON CORROSION 


OF NON-FERROUS METALS 


annual losses of 525, 313, and 302 psi., 
or approximately 1.3 per cent of original 
strength per year. 

From what we know about the pro- 
tection given by zinc coatings of different 
weights, one would expect zinc to corrode 
in direct proportion to time. These 
losses of strength are in accord with that 
observation,‘ although the relative activ- 
ity of the State College atmosphere with 
respect to that of Altoona as shown by 
the tensile strength samples is very 
different from the relative activity of 
the two as shown by the galvanized 


PRIME WESTERN ZINC. 


Tension Samples, 0.035 in. Thick 


Storage Samples, 
n=6 


Identification 


x 


29 900 
29 600 

29 533 

29 383 

X = 29 604 

+ 3ex 312 
{29 916 


29 292 


Limits Limits 


which it isan average. Using this value 
as the initial strength, the material has 
lost 937, 2404, and 4771 psi., respec- 
tively, for the three inspection times at 
Altoona. These are differences between 
a sample of 24 and a sample of 6. The 
standard deviation of these differences 
isabout 115 psi. They reduce to annual 
losses in tensile strength of 780, 766, 
and 786 psi., for the three periods, or 
approximately 2.6 per cent of original 
strength*® per year. 

At State College, the material lost 
604, 1004, and 1837 psi., respectively, 
for the three periods. These reduce to 


*The determination is a strength determination on 
the original cross-section measured before exposure. Loss 
of cross-section would be a more accurate description 
than loss of strength. 


Samples Exposed at 
Altoona, Pa., 
n=06 


‘Samples Exposed at State 

| College, Pa., 
n=6 


28 667 
27 200 
24 833 


29 000 | 216 
28 600 271 
27 767 75 


sheet samples exposed at a different 
angle. 

I was interested to know how the other 
two zinc materials, BB and HH, com- 
pared with AA. Let us look at the 
initial and storage samples of these 

materials. 
BB (n = 6) HH (n = 6) 
XxX 
Initial J 146 18 800 
69 567 
ree 125 18 433 
6 yr. 18 800% 153 ee 117° 
18503 = 123 X = 18729 o = 235 
+ 30x 331 


{19 060 


Limits 18 398 


\18 331 


@ Value high, outside limits. 


4 This statement might be discussed at length consider- 
ing State College data on AA, etc. 
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There is more variation in the strength 
of the unexposed samples of these ma- 
terials than can be attributed to chance. 
What original strength can be assigned 
to either? No single value, certainly. 
It was variable perhaps from sample to 
sample for some simple reason such as 
variation in strength from edge to center 
of sheet. The samples of BB at Altoona 
which showed the following strengths 
after exposure are samples of unknown 
and indeterminate strength before ex- 
posure so far as we now know: 
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Exposure 
Time, yr. 


1.20 
3.14 
6.07 


X (n= 6) 

18 150 77 
18 583 90 
15 900 153 


Perhaps someone equipped with de- 
tailed knowledge of the properties of 
sheet zinc and information of the way 
in which these particular sheets were 
sampled can clarify the performance of 
these two materials. Hardness meas- 
urements on individual specimens before 
pulling might be helpful. It cannot be 
done by statistical methods alone. 

The point of view of this discussion 
differs from the one taken by Mr. Borg- 
mann in his text. My recommendations 
might be summarized as follows: 

1. Consider the information in the 
several unexposed samples of the ma- 
terial which have been broken. 

2. (a) Under certain conditions, use 
the average of the several unexposed 
samples as the base from which to 
reckon the damage done to the samples 
which have been exposed. 

(b) Under certain other conditions, 
be cautious about the apparent damage 
done by the exposure unless one knows 
the cause of the variation from sample 
to sample. 


3. Examine the differences between 
original properties and those determined 
after exposure at each location for the 


‘cadmium on the corrosion of zinc. 
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effect of time, taking into account the 
chance variable of sampling. 

4. Where the effect of time is linear, 
summarize as annual loss of cross-sec- 
tion or thickness, percentage loss of 
strength, or the like. 

If I read Mr. Borgmann’s text cor- 
rectly, it is his recommendation that this 
experiment would have produced more 
information had each sample of six 
specimens been composed of one speci- 
men from each of six commercial lots 
instead of six specimens from one lot 
of material. His hope, I think, is that 
such a sampling might enable one to 
estimate the effect of, say, lead and 
I do 
not agree with these recommendations. 
If I wanted to measure the corrosion of 
Prime Western zinc, I should sample 
several lots of this material from various 
sources, if possible, but each sample 
would be from one lot and source. This 
plan takes space, time, and patience. 
It is the way in which research workers 
in this country have done things. 

Mr. Borgmann’s samples might be 
described as attempts at samples of 
American Prime Western zinc sheet. 
Such samples do not interest me. This 
grade of material purchased and de- 
livered for use in construction is specif- 
ically one or more lots from one or more 
sources. The material is used from the 
first of lot A to the last of lot Z. The 
properties of the material in lot Z are 
not going to assist in the success of 
units built from the material in lot A. 
I advocate the type of sampling which 
Subcommittee VI of Committee B-3 did. 

Mr. Borgmann’s recommendation in 
the long run means “Take less data.” 
In my experience, I have never had too 
many observations. I have often 
wished it were possible to get by with 
fewer measurements. The more meas- 
urements one makes, the more complica- 
tions one uncovers. This holds even 
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for established laboratory procedures. 
Under such conditions, one may esti- 
mate something from the data taken 
during the first exploration. When 
repetition shows that there are grounds 
for doubting the first numbers, what 
alternative is there to seeking a condi- 
tion of constancy where one knows with- 
in limits what another experiment will 
produce? In my opinion, Mr. Borg- 
mann is either very optimistic or so far 
in advance of his contemporaries that 
he should elaborate with examples. 


of Mexico 


wo 
A.S.7. M. Enclosure 


_ to 8-3 Relative 


“Sor Flori Position 
of WN of Panels 


(E Edges ie, 
Severely 
Corroded Win 


Direction’ Direction 
Prevailing Winds 3-21-39 
9months- Aug. to May 


Fic. 1.--A.S.T.M. Exposure Test Station at 
Key West, Fla. 


Atlantic Ocean 


E. H. Drx, Jr.>—I want to take 
this opportunity to emphasize one point 
of Mr. Borgmann’s very excellent analy- 


sis. He has drawn attention to the 


fallacy of saying that these tests repre- 


sent corrosion conditions of a locality 
such as, for example, Key West or La 
Jolla, without specifically stating the 
exact location of the test rack and the 


conditions surrounding the test rack. 
I will give you a very good example. 
At Key West the specimens are exposed 


in a large flat area where the sun beats 


*Chief Metallurgist, Aluminum Research Labora- 
tories, Aluminum Company of America, New Kens- 


ington, Pa. 


down most of the time. They are 
within perhaps two hundred or three 
hundred feet of the salt water on the 
southwest side, and naturally it might 
be stated that our samples are within 
two hundred or three hundred feet of the 
ocean (see accompanying Fig. 1). As 
a matter of fact, on the northeast side 
the salt water is much farther away—a 
mile or more. The prevailing winds are 
from the east, across the Keys. For 
this reason, the edges of the specimens 
closest to the water on the southwest are 
much less attacked than the edges 
farthest from the water, that is, on the 
northeast. Now, if the prevailing winds 
had happened to be from the west rather 
than the east, the severity of the 
corrosion at this station would be 
definitely greater. Likewise, it is not 
correct to make a comparison between 
exposures at La Jolla and at Key West 
or Sandy Hook as being typical of the 


corrosion conditions on the west coast 


and on the east coast, respectively. 
It is well known that the test racks at 
La Jolla, because of their location at 
the bottom of a cliff and close to the 
ocean, receive a great deal of salt spray 
which generally does not occur at the 
other locations. 

Mr. Bium.’—Just a very 
brief reference to the effect of differences 
in location. Electroplated steel with 
zinc or cadmium coatings at Key West 
and Sandy Hook yielded conclusive 
evidence that there is sulfur dioxide in 
the air at Sandy Hook, but not at Key 
West. The latter is a marine location 
with nothing else but salt water; the 
other has salt water plus sulfur dioxide. 

Mr. W. H. refer- 
ence to the difference between the two 
locations, Key West and La Jolla, Mr. 
Borgmann’s description of the La Jolla 


* Chemist, National Bureau of Standards, Wash- 
ington, D. 

Member of Firm, Singmaster & Breyer, New York 
City. 
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location is correct—it is bathed fre- 
quently by the salt spray; but I also 
want to point out that La Jolla has 
11 in. of rainfall while Key West has 
45 in. All along that part of the West 
Coast fog conditions are frequent for 
quite a long period of the year, and these 
heavy fogs wet down the samples more 
often than the salt spray from severe 
storms. The little rainfall which does 
fall at La Jolla is useful in preventing 
corrosion because it gives the specimens 
a good washing, removing salt and other 
corrosion products which are accelerat- 
ing corrosion. 

In view of the marked difference in 
weather conditions, I do not agree with 
Mr. Borgmann in his comment that 
points along the New England coast 
might approach the corrosiveness of La 
Jolla. The New England coast has 
approximately three times as much 
rainfall as La Jolla, a wider range of 
temperatures with much lower tempera- 
tures in the winter time, and marked 
differences in wind velocities. For ex- 
ample, the average of the maximum 
wind velocities along the West Coast is 
probably in the order of 30 m.p.h., 
whereas a similar average of maximum 
wind velocities along the New England 
coast would probably approximate 50 
m.p.h. 

I wish again to call attention to the 
fact that we spend a lot of time studying 
what happens to materials in the at- 
mosphere but we have not spent enough 
time studying the atmosphere itself and 
determining which of its various com- 
ponents are the responsible factors in 
causing corrosion at our several test 
locations. 

Mr. C. W. Borcmann® (author's 
closure by letter).-I welcome the dis- 
cussion by Mr. Dodge with reference 
to the difference between “the estimated 


* Head of Department of <Romient Engineering, Uni- 
varsity cf Colorado, Boulder, Cal 
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standard deviation” as used in my paper 
and “the observed standard deviation” 
suggested in the A.S.T.M. Manual. 
In the light of his explanation, I must 
withdraw my statement concerning the 
relative advantages of the two param- 
eters in question. However, I must 
take issue with his suggestion that it is 
only through the use of the observed 
standard deviation that a picture of the 
general tendency of the test can be ob- 
tained. I believe that it can be shown 
that the estimated standard deviation 
is just as useful for such a purpose. 
To be more specific, I feel that the ra- 
tional use of either function will lead 
one to the same conclusions concern- 
ing the significance of data in question. 
Such is shown to be the case in the 
present paper, and I certainly do not 
want to suggest that the present meth- 
ods of analysis be changed. 

I am pleased to have the additional 
information concerning the influence of 
physical location and climatic condi- 
tions on corrosion as given by Messrs. 
Dix, Blum, and Finkeldey. I am in 
hearty accord with the ideas expressed. 
However, I still hold to my original 
views concerning conditions along the 
rocky areas of the New England coast. 
I understand from Mr. R. B. Mears 
of the Aluminum Research Labora- 
tories that experience at Point Judith, 
Conn., bears out my statement, at least 
qualitatively. Naturally there are 
many differences—wind velocity, fog, 
and temperature—between these loca- 
tions. Hence, other than a qualitative 
agreement cannot be expected. 

I was interested in Mr. Passano’s 
analysis of the results on zinc AA from 
Altoona and State College. The idea of 
combining the results from all the stor- 
age samples is an excellent one and, of 
course, increases the precision of the 
determination. Unfortunately, how- 
ever, very few of the metals behave as 
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simply as does zinc AA. Real changes 
in physical properties can occur on 
simple aging of some alloys. Then, too, 
certain materials are far more irregular 
in their properties than others. Hence, 
if the storage specimens are chosen in 
any sort of fashion other than a pure 
random selection, it is quite impossible 
to distinguish real changes from those 
due solely to sampling. It seems to 
me that any use of statistical methods 
on the A.S.T.M. data must be carefully 
watched. The whole foundation for the 
validity of such methods rests upon ‘the 
assumption that the test lot represents 
a random sample. As such samples 
were not taken, one must expect certain 
inexplicable results—such as occur 
throughout the present test data. How- 
ever, the larger effects of corrosion will, 
of course, be possible of determination 
and hence, the engineering value of the 
test will not be materially reduced. The 
results will have to be viewed more from 


a common-sense standpoint, forgetting 
all except the possible implications of 
the minor effects. 

The suggested use of an annual loss is 


perfectly satisfactory in its place. How- 
ever, the number of cases where such a 
value can be rationally used is so limited 
that it seemed undesirable to do so in 
my analysis. In fact, I feel that Mr. 
Passano has stretched a point in com- 
bining the three values for State Col- 
lege—525, 313, and 302 psi.—into a 
single annual figure. 

The table of results for materials BB 
and HH clearly brings out the difficulties 
previously suggested concerning the use 
of an average of all storage sets as a 
basis of judgment. ‘Three of the eight 
averages fall outside the 3o limits—in- 
dicating, it seems to me, the poor sam- 
pling technique used. Mr. Passano 
undoubtedly neglected to indicate that 
the initial value for material BB is also 
outside the 3 limits. 

The third recommendation of Mr. 
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Passano that the effect of time on the 
properties of the materials be shown js 
a good one. I felt, however, that it 
was too early to make a real evaluation 
of this change on the majority of ma- 
terials and that such an evaluation could 
better be made in the final report of the 
work. 

I regret that Mr. Passano has seen fit 
to question my belief in “The American 
Way” and hasten to add that there is 
no need to send Mr. Dies to Colorado. 
Seriously, however, it has always been 
my feeling that a worker in the realm of 
science and engineering should be ready 
to accept helpful ideas from other fields 
of endeavor and other parts of the world. 
The ideas of test design that I have tried 
to indicate are widely used in the bio- 
logical field. I have simply tried to 
apply them to engineering problems 
such as corrosion—where the problem 
is such a general one that control of 
conditions imposes an unnecessary limi- 
tation on our results. 

The reason for the use of certain types 
of factorial design is a simple one. If 
by a rational plan, one can determine 
the causes of certain effects under study 
with equal precision with a fewer number 
of tests, why not do so? cannot enter 
into a complete discussion of factorial 
design and the analysis of variance in 
this discussion, but can simply restate 
my firm belief that these techniques 
can be happily adapted to the engineer- 
ing field. The last statement by Mr. 
Passano is well taken. I have used the 
methods suggested in corrosion work, 
though unfortunately I changed posi- 
tions before the completion of the tests, 
making it impossible to publish the re- 
sults. I am now planning new experi- 
ments based on factorial design, the 
results of which I will submit for pub- 
lication in an attempt to show more 
clearly the underlying ideas and the 
advantages of the method. 
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CHEMICAL REMOVAL OF CORROSION PRODUCTS IN THE 
DETERMINATION OF THE CORROSION RATE OF ZINC* 


By E. A. ANDERSON! AND C. E. REINHARD! 


Of the methods of studying the corro- 
sion of metals under various exposure 
conditions, that of measuring the rate 
of attack in terms of the changes in 
weight of test specimens has received 
the greatest amount of attention by 
corrosion workers. The most common 
plan of attack is to expose weighed speci- 
mens of known surface area which are 
removed at intervals, brushed lightly to 
remove loosely adherent dust and corro- 
sion products, and are then reweighed 
and re-exposed. 

It is recognized, of course, that the 
corrosion products remaining on the sur- 
face after brushing have definite weight 
but it is frequently assumed that when 
the curve showing the relation of weight 
loss to time of exposure takes a more or 
less straight line form, the weight of the 
corrosion products has reached a con- 
stant value and the slope of the curve 
represents the actual corrosion rate of 
the underlying metal. It is evident, 
however, that circumstances must exist 
under which a straight-line relationship 
may be obtained which does not repre- 
sent a constant weight film of corrosion 
products. In such a case serious errors 
may result from attempts to estimate the 
corrosion rate and to predict the useful 
service life of a metal from the weight 
change data. 

* The presentation of this paper at the annual meeting 


was sponsored by Committee B-3 on Corrosion of Non- 
Ferrous Metals and Alloys. 


' Chief, and Investigator, respectively, Metal Section, 
Research Division, The New Jersey Zinc Co., Palmerton, 


Removal of the corrosion products by 
chemical stripping suggests itself as the 
most reasonable method of obtaining a 
more nearly correct estimate of the cor- 
rodibility of a metal. The authors have 
recently completed a study of the corro- 
sion rate of zinc in different periods of 
the day in which the method of chemi- 
cal stripping was used in addition to the 
more common method of periodically 
weighing the specimens with the ad- 
herent corrosion products left in place. 
A study of the resulting data indicates 
that errors of considerable magnitude 
can result from acceptance of rates based 
on specimens weighed without removing 


the corrosion products. 
Experimental Work: 

The plan of the work was to expose 
outdoors at Palmerton, Pa.,? a series of 
rolled zinc specimens divided among 
four racks exposed as follows: 

Exposure Period 
8:15 a.m. to 4:15 p.m. 
4:15 p.m. to 12:15 a.m. 


12:15 a.m. to 8:15 a.m. 
. Continuous 24-hr. day 


For the purpose, two grades of rolled 
zinc were selected. The one designated 
X-939 contained approximately 0.1 per 
cent of lead, 0.003 per cent of cadmium, 


2 The atmosphere at this location may be considered 
as mildly industrial. The rainfall, etc., are characteristic — 
of the eastern part of Pennsylvania, but, due to its position 
between mountain ridges, fogs and heavy mists are prob- 
ably more prevalent than normal. 
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and less than 0.01 per cent of iron; while 
the other, designated X-940, contained 
approximately 0.5 per cent of lead, 0.2 
per cent of cadmium, and less than 0.01 
per cent of iron. Both materials were 
available in the soft hot-rolled condi- 
tion. Sufficient 4 by 6 by 0.024-in. 
specimens were cut from each grade of 
zinc to permit duplicate exposures on 
each rack. The surfaces were carefully 
cleaned with ether and alcohol and the 
pieces were weighed prior to exposure. 
The specimens were mounted 2} in. 
apart in the vertical position on porcelain 
insulators in galvanized iron racks (see 


Fic. 1. 
Fig. 1). 


The racks were placed on a 
laboratory roof so that the specimen sur- 
faces faced the direction of the prevailing 


winds. The three 8-hr. exposure racks 
were stored in a dry unheated room be- 
tween exposures outdoors. 

At intervals during the exposure, 
which was started November 2, 1931, 
the specimens were removed from the 
racks, brushed lightly to remove loosely 
adherent dust and corrosion products, 
and reweighed. At the end of the 6-yr. 
period the adherent corrosion products 
were removed by immersing the speci- 
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mens for 1 min. in a solution of 200 g. 
of chromic acid* per liter of water at 
80 C. Blank uncorroded specimens sim- 
ilarly treated showed losses of 0.0007 g. 
and 0.0058 g. for X-939 and X-940, 
respectively. These corrections were 
applied to the data. 

In all cases the agreement between 
the check specimens was quite good and 
in the discussion which follows only the 
average data are considered. 


Experimental Data: 


The average weight change data have 
been plotted for various times of ex- 


Typical Rack I 


posure in Figs. 2 to 4, inclusive, and the 
final data after the 6-yr. period are as- 
sembled in Table I. On each curve has 
been indicated a point, marked C, repre- 
senting the total loss in weight of the 
specimens, including the loss during 
chemical cleaning. . 

On each of the curves a dotted line 


3A word of warning should be given with regard to 
this stripping solution. The chromic acid should be sub- 
stantially free of sulfates which convert it to an active 
etching solution. A grade suitable for use in chromium 
plating is satisfactory. In removing corrosion — 
developed in atmospheres containing sulfates or chlorides, 
contamination of the stripping solution and conversion 
of it to an active etching solution may occur. In such 
cases the solution should be replaced frequently and blanks 
should be run with the exposure specimens. 
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X-939 -1 
Average 
X-939 - 3 
-4 
Average 
X-939 - 5 
-6 
Average 


X-939 - 7 
-8 
Average 
X-940-1 
-2 


X-940 - 3 
-4 

Average 
X-940 -5 
-6 
Average 


j Average 
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Average 
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C-Tota/ weight change after chemical cleaning » c| 
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Exposure Period 


4:15 PM to 
12:15 AM 


12:15 AM to 
8:15 AM 


Total—Sum all periods 
24h 


r.— 
continuous 


8:15 AM to 
4:15 PM 


4:15 PM to 
12:15 AM 


12:15 AM to 
8:15 AM 


Total—Sum all periods 
X-940 -7 24 hr. 


continuous 


Actual Exposure, months 


Fic. 4.—Continuous Exposure Tests. 


Original 


| 69.7814 


70.7920 


70.5684 
70.6118 


70.4482 
69.3956 


69.2775 
69.4549 


69.8862 
69.5658 


69.7585 
71.4404 


6.8372 
69.4878 


70.3255 
71.4678 


6-Yr., 
No 
Cleaning | 


69.4018 
70.4076 


70.3726 
70.4150 


69.6351 
68 .5688 


67.0658 
67.2078 


69.5303 
69.2000 


69.6396 
71.3122 


69.0400 
68.8958 


68.1148 


| 69.3143 


Loss 


0.3796 
0.3844 
0.3820 
0.1958 
0.1968 


0.1963 


0.8131 
0.8268 


0.8199 


1.3982 
2.2117 
2.2471 
2.2294 
0.3559 
0.3658 
0.3608 
0.1189 
0.1282 
0.1235 
0.7972 
0.7920 
0.7946 


1.2789 
2.2107 
2.1535 


2.1821 


Weight, g. 


After Loss in 
Cleaning | Cleaning | 


| 
0.3810 | 
| 


69.0208 
70.0349 | 0.3727 
69.7489 | 0.6237 
69.7803 | 0.6347 
69.2885 | 0.3466 
68.2156 | 0.3532 

| 66.5787 | 0.4871 
66.7075 | 0.5003 

| 69.0343 | 0.4960 
68.7074 | 0.4926 

! 

68.8368 | 0.8028 
70.4738 | 0.8384 
68.5697 | 0.4703 
68.4282 | 0.4676 
67.4167 0.6981 
68.6186 | 0.6957 


Blank Corrected] 
Loss in | 
Cleaning | 


Correc- 
tion 


—0.0007 
—0.0007 


— 0.0007 
—0.0007 


—0.0007 


| —0.0007 


—0.0007 
—0.0007 


| —0.0058 


—0.0058 


—0.0058 
—0.0058 


—0.0058 


—0.0058 | 


—0.0058 


| —0.0058 


0.3803 
0.3720 
0.3762 
0.6230 
0.6340 
0.6285 
0.3459 
0.3525 
0.3492 


1.3539 
0.4864 
0.4996 
0.4930 
0.4902 
0.4868 
0.4885 
0.7970 
0.8326 


0.8143 


0.4645 
0.4618 


0.4632 


1.7560 
0.6923 
0.6899 


0.6911. 


‘TABLE I.—WEIGHT CHANGES IN X-939 AND X-940 EXPOSED 6 YR. IN PALMERTON ATMOSPHERE. 


0.7599 
0.7564 
0.7582 
0.8188 
0.8308 
0.8248 
1.1590 
1.1793 


1.1691 


2.7521 
2.6981 
2.7467 


2.7224 
0.8461 
0.8526 
0.8493 
0.9159 
0.9608 
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has been drawn connecting the point C, 
representing the total loss in weight after 
72 months exposure, with the origin. 
If the assumption is made that the corro- 
sion rate was constant over the entire 
6-yr. period, the slope of this dotted line 
would represent the true rate. It is im- 
possible to state from these data whether 
this is so. An accurate determination 
could only be obtained by exposing a 
sufficient number of specimens to permit 
chemical cleaning and subsequent scrap- 
ping of specimens at appropriate inter- 
vals. As far as the authors are aware, 
this has not been done for zinc. How- 
ever, experiments recently started have 
shown the rate to be constant within the 
limits of error in the measurements for 
determinations made six months and 
one year after exposure. 

In the work of the Society’s Com- 
mittee A-5 on Corrosion of Iron and 
Steel it has been found that a straight- 
line relationship exists between the thick- 
ness of zinc coatings and the life of the 
coatings. These determinations involve 
no measurements of weight change but 
represent the exposure period required 
before rusting of the steel base has 
started. They are therefore free from 
the experimental difficulties under dis- 
cussion here. The fact that the life of 
these zinc coatings does bear a straight- 
line relationship with the coating thick- 
ness indicates very strongly that the 
corrosion rate of zinc coatings is indeed 
fairly constant. It seems quite probable 
that an equal degree of constancy will 
ultimately be found for other zinc ma- 
terials. The assumption will be made, 
therefore, in the remainder of this dis- 
cussion that the corrosion rate is so 
nearly constant over the 6-yr. period 
that the slope of the dotted line may be 
taken to represent very closely the true 
rate. 

Inspection of the curves in Figs. 2 to 4 
reveals that no one of these curves has a 
slope equal to that of the dotted line, 
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and hence no one of them indicates cor- 
rectly the actual corrosion rate. The 
divergence of the weight change curves 
from the dotted line shows that the 
weight of adhering corrosion products is 
not constant but is increasing at a steady 
rate as the corrosion period is extended. 
How long this increase in weight of corro- 
sion products will continue is not known 
from these data. The curves them- 
selves show definite signs of curving 
downward, which might indicate that 
they would become parallel to the dotted 
line if the exposure were carried to a 
sufficiently long time. Under these con- 
ditions the weight of corrosion products 
would become constant and the slope of 
the weight change curve through the 
points of longest exposure would repre- 
sent the true corrosion rate. 

One of the functions of a corrosion en- 
gineer is to determine means of accu- 
rately estimating the corrosion rate of 
metals in the shortest possible time. 
Obviously he cannot afford to wait for 
the many years to elapse before simple 
weight change curves will become suffi- 
ciently accurate for his use, if indeed 
they ever reach this point. The method 
of chemical removal of corrosion prod- 
ucts can be applied very early in the 
corrosion exposure. 

Further examination of the curves 
shows that the weight of adhering corro- 
sion products differs in the different 
exposures. It seems entirely probable 
that equally large and probably larger 
differences will be observed between 
different test locations in which differ- 
ences in composition of the atmosphere, 
rainfall, fog, etc., are involved. It is 
entirely possible, therefore, that speci- 
mens exposed at two different test loca- 
tions might show identical weight-change 
curves as determined on uncleaned speci- 
mens but would actually be corroding at 
different rates. Likewise, different zinc 
materials can, as shown below, develop 
corrosion films of different thicknesses 
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and weight in the same exposure location 
which would lead to erroneous conclu- 
sions as to their comparative corrodi- 
bility. 

One illustration of the changes which 
can take place in the weight of adhering 
corrosion products can be seen in the 
curves for the two zinc materials exposed 
in the period from 4:15 p.m. to 12:15 
a.m. Both curves show a sharp upward 
break between the 60-month and 72- 
month exposures. There can be little 
doubt that this effect is real since it 
occurred on duplicate specimens of two 
different materials and only during this 
particular exposure period. Obviously, 
some change in atmospheric conditions 
during this period of the day had de- 
veloped in this interval which permitted 
a bulkier corrosion film to remain on the 
specimens. 

On the basis of the slopes of the weight 
change curves determined on uncleaned 
specimens, one would conclude that the 
corrosion rate of X-940 is slightly lower 
than that of X-939. Actually, the data 
obtained after chemical cleaning reveal 
that the reverse is true. While the 
difference between the two materials is 
very small in this instance, the possi- 
bility exists that errors of large magni- 
tude might well result in other cases 
from conclusions based on weight 
changes on uncleaned specimens. 

One other piece of evidence pointing 
to the validity of conclusions based on 
chemical cleaning of specimens exists in 
these data. It will be noted that the 
weight changes for the individual 8-hr. 
periods as measured after 72 months of 
exposure do not add up to the total for 
the continuous 24-hr. day exposure when 
the changes were determined on un- 
cleaned specimens. On the other hand, 
a quite accurate correlation exists when 
the weight changes on chemically cleaned 
specimens are considered. Since the 


specimens placed outdoors for individual 


8-hr. periods were under actual exposure 
for a total period of only 2 yr., the fact 
that the sum of the changes during the 
three periods adds up so closely to the 
total change after 6 yr. on the continu- 
ously exposed specimens indicates quite 
strongly that the corrosion rate had not 
changed between the second and the 
sixth year. 

To return to the original intent of the 
experiment, it is clearly seen that a defi- 
nite difference does exist in the rate of 
corrosion of zinc in different periods of 
the day. The corrosion occurring dur- 
ing the period from 12:15 a.m. to 8:15 
a.m. is definitely greater than during any 
other period of the day and that occur- 
ring between 4:15 p.m. and 12:15 a.m. 
is slightly greater than that occurring 
during the daylight hours. There ap- 
pears to be no question but that the 
corrosion rate of zinc, in this particular 
location at least, is greater during the 
night hours than during the daytime. 

These differences might possibly be 
correlated with the rate at which the 
surfaces dry after rainfall during the 
various periods of the day, but the au- 
thors are inclined to feel that they really 
imply a definite effect due to the con- 
densation of dews and mists on the sur- 
face. Such condensation products are 
most likely to contain relatively high 
concentrations of industrial gases such 
as SOs and would be expected to be defi- 
nitely more corrosive to zinc than rain 
water. 
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Mr. R. F. Passano.'—Subcommittee 
VIII of Committee A-5 on Corrosion of 
Iron and Steel now has exposed at Sandy 
Hook, N. J., samples of galvanized steel 
sheet and sheet zinc in the form of 4 by 
6-in. specimens. It is our plan to deter- 
mine loss of weight on these samples 
after exposures of 6 and 12 months at 
that place. The method of cleaning has 
not yet been fixed. I am sure there 
must be considerable background for 
the selection of chromic acid as a clean- 
ing agent as described in this paper. 
The procedure for cleaning corroded 
zinc specimens in our laboratory begins 
with an overnight immersion in a solu- 
tion containing 50 g. per liter of tri- 
sodium phosphate. ‘This is supposed to 
make a fair conductor of the corrosion 
products. The corrosion products are 
then removed from the specimen with 
hydrogen, which is produced by a cur- 
rent of 75 amp. per sq. ft. flowing 
through a solution containing 50 g. per 
liter of disodium phosphate. The speci- 
mens are brushed lightly, rinsed, and 
dried before reweighing. Cleaning 
losses have been less than 0.005 g. on 4 
by 6-in. specimens. 

Mr. E. A. ANpERSON.2—We have 
tried a number of different methods, and 
there is at least one that is as acceptable 
as the chromic acid method, but we have 
adopted chromic acid for our own pur- 
poses. 

Mr. W. H. should 
like to ask Mr. Anderson whether any 


Mid The American Rolling Mill Co., 
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attempt was made to analyze the corro- 
sion product removed those 


samples. 
Mr. ANDERSON.—Not in this particu- 
lar case. We have made a number of 


such studies on the type of corrosion 
products obtained in the atmosphere 
prevailing at Palmerton, which is mildly 
industrial. The corrosion products con- 
sist essentially of basic zinc carbonate. 
In more highly industrial atmospheres 
basic zinc sulfate predominates while in 
seacoast atmospheres we do find some 
basic zinc chloride. 

Mr. FINKELDEY.—It is surprising that 
the solid line curves do not show more 
corrosion. 

Mr. ANDERSON.—The curves do show 
interesting variations in corrosion when 
they are inspected closely. You will 
notice that in the case of the continu- 
ously exposed rack seasonal variations 
occur that correspond to the dry periods 
in the summer. 

Mr. FINKELDEY.—Is there any par- 
ticular local atmospheric contamination 
from the exhaust fumes of the labora- 
tory? 

Mr. ANDERSON.—That might come 
into the picture for a few days in the 
year. The prevailing winds are from 
the northwest and the rack was exposed 
on the windward side of the roof. Once 
in a while the winds would reverse and 
come from the east for two or three days, 
at which time some laboratory fumes 
might have been encountered. The 
laboratory itself is about two miles from 
the two plants and any atmospheric 
contamination would be somewhat gen- 
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NICKEL-MOLYBDENUM-IRON AND RELATED ALLOYS 
PHYSICAL AND CORROSION-RESISTANT PROPERTIES 


SYNOPSIS 


Equipment for the newer chemical processes is constantly called upon to 
withstand higher temperatures and pressures and more corrosive reagents. 
Of the problems brought on by these factors, hydrochloric acid corrosion is 
especially difficult. Until quite recently, few metals could withstand this acid, 
and then only under mild conditions. Four strong, nickel-base alloys have 
now been developed, however, which are suitable. The first withstands 
hydrochloric acid of any concentration up to 70C. (158 F.); the second 
withstands boiling hydrochloric acid; another wet chlorine at ordinary 
temperatures. Investigation has also led to a nickel-silicon alloy which is 
economical for sulfuric acid equipment. 


THEIR 


The selection of materials for the 
processing, handling, storage and trans- 
portation of chemicals is constantly 
being made more complicated by newer 
processes and products. Many of the 
newer processes and improvements on 
the older processes involve increases in 
temperatures and pressures, and reagents 
of increased corrosive powers. The in- 
crease in the number of new chemicals 
developed has also added many products 
destructive to equipment that was other- 
wise perfectly satisfactory. The chem- 
ist is constantly inventing more eco- 
nomical but more strenuous processes, 
for which the materials engineer must 
furnish equipment strong enough and 
having a sufficiently long life to make the 
processes feasible. 

Because acids have long been among 
the most difficult substances to handle, 
they have engendered considerable re- 
search on materials, especially metals. 


1 Superintendent, Haynes Stellite Co., Kokomo, Ind. 


Sulfuric acid, for instance, could be 
handled, it was found, in lead, iron, or 
certain iron-silicon alloys, depending 
upon conditions (1).2. The problem with 
nitric acid has been largely solved by 
the stainless irons and _ stainless 
steels which contain high percentages of 
chromium. Until 1929, however, no 
metals or alloys had been developed 
which could withstand hydrochloric acid 
economically under all conditions. 


HYDROCHLORIC ACID EQUIPMENT 

At one plant, processing equipment 
for handling boiling dilute hydrochloric 
acid was at one time made of quarter- 
sawed cypress wood banded with iron 
straps which in turn were protected by 
lead sheathing. Hard-rubber-lined steel 
vats were also used for large equipment. 
Glass-lined steel and stoneware for 
kettles and tanks, rubber-lined iron or 

2 The boldface numbers in parentheses refer to the 


reports and papers appearing in the list of references ap- 
pended to this paper, see p. 709. 
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even wooden pipe, high-silicon-iron al- 
loys, tile, mastic coatings, asphalt-base 
paints, and, in small but important 
parts, several noble metals—all these 
have served for hydrochloric acid equip- 
ment (2). 

But for equipment for hydrochloric 
acid at high temperatures, wood, rubber 
compounds, and asphalt-base compounds 
are not very successful; glass, tile, and 
stoneware are brittle, and the noble 
metals are too expensive. Thus when 
the first hydrochloric acid - resistant alloy 
was produced in 1914 from nickel and 
molybdenum(3), it drew wide attention 
despite its high cost. Investigations in 
Germany during the 1920’s showed that 
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while the other specified a maximum of 
40 per cent molybdenum. 

Several other alloys have been used 
with success for dilute solutions of 
hydrochloric acid (6). Both monel 
metal and pure nickel depend for their 
resistance on the formation of a hydrogen 
film which polarizes the surface. If 
oxidizing conditions are present, or the 
acid concentration is increased, the 
hydrogen is depolarized and corrosion 
results. In still, dilute solutions, where 
there is no aeration, these metals can be 
used, monel metal being, in general, 
superior to nickel. Figure 1 shows 
typical curves for these two metals in 
various concentrations of still, unagi- 
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Fic. 1.—Corrosion Rates of Nickel and Monel Metal in Still Hydrochloric Acid Solutions (6). 


other less expensive nickel-molybdenum 
alloys were sufficiently resistant. 
Guertler, Rohn, Schulz, Jenge, and 
others (4) studied the problem, but even 
as late as 1929, only one such alloy had 
reached commercial production in Ger- 
many. This alloy contained approxi- 
mately 15 per cent chromium, 7 per cent 
molybdenum and the remainder, nickel 
(1). 

Two United States patents (5) were 
granted, relating to alloys of nickel, 
molybdenum and iron, in which the iron 
content was specifically limited to a 
maximum of 10 per cent. One of them 
also limited molybdenum to 10 per cent 


tated hydrochloric acid at 25 C. (77 F.). 
The effect of agitation is clearly indi- 
cated when it is considered that in 10 
per cent hydrochloric acid, not agitated, 
monel metal Jost 0.2002 g. per sq. dm. 
per 100 hr., while in an aerated solution 
the loss was 1.632 g. (6). Because the 
bubbling caused some circulation, the 
specimen was later subjected to a similar 
test with bubbling nitrogen, in which 
case the loss was 0.5748 g. In quiet, 
oxygen-free solutions of 10 per cent 
hydrochloric acid, the corrosion rate for 
nickel is negligible. 

A silicon-molybdenum-iron alloy con- 
taining 1 per cent of nickel is also used 
for handling hydrochloric acid. It is 
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hard and abrasion-resistant, but because 
it is unmachinable and unworkable, it 
can be used in the form of castings only. 
The surface of this alloy, upon exposure 
to hydrochloric acid gradually builds 
up a porous, gray film of insoluble salts 
which forms a highly protective coating. 
Thus while its corrosion rate at first is 


0.10 
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zero corrosion rate is reached. At 
higher temperatures, the curve flattens 
out more rapidly. 


INVESTIGATION OF WORKABLE, 
RESISTANT ALLOYS 


Investigations which led to the present 
alloys for hydrochloric acid service were 
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Fic. 2.—-Corrosion-Time Behavior of Silicon-Molybdenum-Iron-Nickel Alloy in Concentrated 
Hydrochloric Acid (6). 
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high, the rate gradually falls off until, 
after a number of hours, it becomes al- 
most zero. The behavior of the alloy 
in concentrated hydrochloric acid at 
25 C. (77 F.) is shown in Fig. 2. For the 
first 10 hr., the corrosion rate is fairly 
rapid, but it becomes negligible after 30 
to 35 hr. The effect of more dilute 
solutions is to lengthen the time before 


Corrosion Rates of Nickel-Molybdenum Alloys in 10 per cent Hydrochloric Acid at 70 C. 


carried out at Union Carbied and Carbon 
Research Laboratories, Inc.,’ beginning 
about 1926. Prompted by the observa- 
tion that certain complex nickel alloys 
showed a high resistance to acid corro- 
sion, the investigation was confined at 
first to binary and, later, to ternary 
nickel alloys (1). A complete series of 
nickel-molybdenum alloys, containing 
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molybdenum in amounts up to the 
eutectic at 49 per cent, was studied. 
Figure 3 shows the corrosion curve for 
binary nickel-molybdenum alloys with 
molybdenum varying from 5 to 47 per 
cent, in 10 per cent hydrochloric acid at 


the disadvantage of being more expen- 
sive, and further investigation was made 
to determine to what extent iron might 
be substituted to reduce their cost and 
improve their workability. 

Although it was believed at first that 
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Fic. 8. —Corrosion Rates of Commercial Alloys A, B, C, and D in Aerated Sulfuric Acid at 70 C. 
(158 F.). 


70 C. (158 F.). All the values given in 
this curve and subsequent charts are 
averages of at least 10 separate tests. 
While the alloys containing more than 
15 per cent molybdenum are satisfactory 
from a corrosion standpoint, they have 


over 10 per cent of iron would adversely 
affect the acid resistance, investigation 
developed the interesting fact that 


maxima occurred in the corrosion rates 
between 5 and 10 per cent of iron. Be- 
yond these maximum points, the curves 
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dipped again but with a second rise 
beyond 25 per cent of iron. Figure 4 
shows the corrosion curve in 10 per cent 
hydrochloric acid and Fig. 5 shows the 
curve in 10 per cent sulfuric acid for 
alloys containing 20 per cent molyb- 
denum and from 0 to 40 per cent iron. 
Similar curves were also obtained for 
alloys containing 15 and 25 per cent 
molybdenum with iron varying over the 
same range. All these curves bring out 
the fact that corrosion is not increased 
to a great extent until the iron propor- 
tion reaches at least 25 per cent. The 
effect of the iron content was studied 
later, after the effects of other elements 
in the composition had been studied. 


more difficult to forge. Balancing the 
curves of the three most important 
factors, corrosion, cost, and workability, 
seemed to show that 20 per cent molyb- 
denum and 20 per cent iron with the 
remainder chiefly nickel resulted in a 
satisfactory acid-resistant material. 
This alloy, which for convenience we 
have designated alloy A, has since been 
made available commercially in practi- 
cally all forms—castings, forgings, rolled 
sheet and plate, and wire. The com- 
mercial alloy withstands the action of 
hydrochloric acid in all concentrations 
at temperatures up to 70C. (158 F.), 
although the rate of attack increases 
slightly with the temperature (7). It is 


TABLE I.—PHYSICAL PROPERTIES. 


Alloy A Alloy B Alloy C Alloy D 
Specific gravity: 
8.80 9.24 8.94 7.80 
Therma! conductivity, cal. per sq. cm. per cm. per 
sec. per deg. Cent 0.04 0.027 0.03 0.05 
B.t.u. per sq ft. per in. per hr. per deg. Fahr 116 78.5 87 145 
Mean coefficient of thermal expansion, per deg. 
Cent. 


0 to 100 C 


per deg. Fahr. 
32 to 212 F Ty 0.0000061 0.0000056 0.0000063 | 0.0000061 
Electrical conductivity, mhos per cu. cm.......... 7.89 7.41 7.52 8.80 


Figure 6 indicates that in 10 per cent 
sulfuric acid, the rate of corrosion of 
alloys containing between 15 and 25 per 
cent iron changes very slowly. 

The selection of the final proportions 
of molybdenum and iron was an effort 
to compromise corrosion resistance, cost, 
and workability of the alloys. Figures 
4,5, and 6 show that an iron content as 
high as 20 per cent, with molybdenum 
also at 26 per cent, would be safe for 
acid service. With more than 20 per 
cent molybdenum, it would not be 
feasible to increase the iron appreciably, 
and the cost would therefore rise out of 
proportion to the corrosion resistance. 
With molybdenum present in excess of 
20 per cent, the alloys become stiffer and 


also resistant to sulfuric acid of any 
concentration up to 70 C. (158 F.) and 
to all concentrations below 50 per cent 
up to the boiling point. In addition, the 
alloy is resistant to acetic, formic, and 
other organic acids, but not to oxidizing 
agents. It stands up well in salt spray 
and is practically unaffected by alkalies. 
A curve showing its resistance to hydro- 
chloric acid in various concentrations is 
shown in Fig. 7. Figure 8 shows its 
resistance to sulfuric acid. Determina- 
tions in hydrochloric and sulfuric acids 
are given for a temperature of 70C. 
(158 F.) this being the highest tempera- 
ture for which alloy A is recommended 
for service in these acids, except under 
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Aerated test. 


TABLE II.—MECHANICAL PROPERTIES. 
Alloy A Alloy B Alloy C | Alloy D 
ve 
Cast Retest Cast roe Cast | Cast It 
| Metal Annealed Metal Metal | Metal 
ca 
| 69000 to | 110000 to | 75000to | 130000 to | 72000to | 36000 to h 
| 77500 120 000 82 000 140 000 80000 | 40500 t 
| 42 500 to 47 000 to | 55000 to 60 000 to | 45 000 to 
| 45.000 52 000 57 000 65 000 48000 | Pp 
Elongation in 2 in., per cent........... | §8to12 40 to 48 6to9 40 to 45 10 to 15 0 re 
Reduction of area, per cent............. | 16 to 18 40 to 54 10 to 13 40 to 45 11 to 16 0 
i i i os0:2 Coanrwneeieis ane B 85 to 94 | B 94 to 97 | B 92 to 99 | B 96 to 100) B 89 to 97 | C 50 to 55 st 
Brinell, hardness.......................| 155 to 200 | 200 to 215 | 190 to 230 | 210 to 235 | 175 to 215 | ........ 
Izod impact strength, ft-Ib............... 25to35 | 62to77 | 11to16 | 68to7 | ........ | ........ he 
Short time tensile strength, psi.: be 
For less than 1 per cent creep per year at 
Transverse breaking load, 12-in. span: 
0.080 
Modulus of elasticity, psi............... 27 000 000 30 750 000 28 500 000 | 28 850 000 
TABLE III.—RESULTS OF CORROSION TESTS. 
(Rate of penetration is expressed in inches per month, and acid concentrations are expressed in percentage by weight.) 
| 
Alloy A Alloy B Alloy C | Alloy D 
Hydrochloric acid, per TOC. 0.007% 0.0019% 0.0002 0.006% 
0.0057 0.0007 0.008 0.0009 
0.006 0.0009 0.02 0.009 
0.011% 0.0034 0.0134 0.0134 
0.0224 0.001 0.04 0.05 
0.0074 0.00354 0.027% 0.021% 
0.023 0.001 0.22 | 0.11 
0.0334 0.00172 0.084 | 0.0404 
0.00372 0.00164 0.09% 0.04% 
25 per cent, boiling......... csauesdwindbeneraniweet 0.004 0.00015 0.0039 0.00074 
0.64 0.038 0.026 0.035 r 
Phosphoric acid, pure 0 
10 per cent, room temperature. .................-000- 0.00018 0.00013 0.0000067 0.00012 
0.0027 0.00014 0.00025 0.0041 t 
Phosphoric acid, technical | 
0.0027 0.0018 0.0018 0.0020 
Wet chlorine gas, r 
Saturated vapor, room temperature........... 0.0032 max.) 
i 
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unusual conditions. Other corrosion 
test results are shown in Table III. 

In physical properties, this alloy is 
very similar to high-strength alloy steel. 
It is readily machinable, makes good 
castings, and can be welded by either 
the oxy-acetylene or the electric arc 
process with full retention of its corrosion 
resistance. Because it is unusually 
strong at high temperatures, alloy A 
has been used in several applications 
based on this property alone; alloy A 
wire is being used in grids for radio 


| | | 


ture a short time according to the 
thickness of material, and follow by rapid 
cooling depending upon the size and 
shape of the part. This treatment 
softens the alloy and develops its high- 
est corrosion resistance. 


MOLYBDENUM CONTENT INCREASED 


Alloy A, as mentioned above, is recom- 
mended for use only up to 70C. For 
certain reactions, a material was needed 
that could withstand boiling hydro- 
chloric acid. Increasing the molyb- 
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Aerated. 
denum content of alloy A seemed likely 
to lead to good results, although the cost 
would be increased somewhat. With 
this in mind, further development was 
concentrated on an alloy containing 


receiving tubes. The physical and me- 
chanical properties of alloy A are sum- 
marized in Tables I and II. 

This alloy contains a small proportic n 
of carbides insoluble in solid solution 


even when cooled rapidly from a high 
temperature. Like austenitic-type al- 
loys, it is appreciably hardened by cold 
work, with an increase in yield point and 
ultimate strength, and a corresponding 
reduction in ductility. The recom- 
mended annealing procedure is to heat 
it to a temperature of 1150 to 1180 C. 
(2100 haa F.), hold at this tempera- 


approximately 30 per cent of molyb- 
denum, 5 per cent of iron, and the 
remainder, nickel. At first, while the 
corrosion resistance of the alloy was 
satisfactory in boiling hydrochloric acid, 
only castings could be made. It was not 
until 1937 that developments had pro- 
ceeded to a point where a commercially 
workable alloy of this analysis could be 
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announced. This material, designated 
alloy B, is now available in practically 
every form—castings, forgings, hot- 
rolled bars, strips, plate, sheets, and wire. 
It is machinable and can be welded 
without loss of corrosion resistance. 

Alloy B is outstanding for its high 
corrosion resistance in hydrochloric acid 
solutions of all concentrations and in all 
temperatures, including the boiling point 
as shown in Fig. 9. It has proved to be 
particularly economical for service in 
handling hydrochloric acid in the 
temperature range from 70 to 110C. 
(158 to 230F.), and in handling wet 
hydrochloric acid gas. Specimens of the 
commercial alloy now indicate that its 
penetration rate is only about 0.002 in. 
per year in a boiling 20 per cent hydro- 
chloric acid solution. In acid concen- 
trations below 10 per cent, it is notable 
that the aerated acid, at room tempera- 
ture, is as corrosive on alloy B as is 
boiling non-aerated acid. As is seen in 
Table III, the aerated dilute acid at 
70 C. (158 F.) is as much as three times 
as corrosive as boiling non-aerated acid. 

Table IL shows that the 30 per cent 
molybdenum alloy is _ considerably 
stronger than the 20 per cent molyb- 
denum alloy, especially at elevated 
temperatures. For instance, it will be 
seen from this table that this alloy has 
a tensile strength of 115,000 psi. at 
500 C. (930 F.) and 85,000 psi. at 700 C. 
(1290 F.). At ordinary temperatures, 
the elongation and reduction of area of 
rolled alloy B are fairly high considering 
that the metal has a tensile strength of 
between 130,000 and 140,000 psi. The 
heat treatment for softening alloy B and 
improving its corrosion resistance is the 
same as for alloy A. 


CHROMIUM REQUIRED FOR OXIDATION 
RESISTANCE 

These nickel-molybdenum-iron alloys 

while suitable for hydrochloric and 


sulfuric acids, are not sufficiently resist- 
ant to oxidizing conditions to warrant 
their use in nitric acid or in chlorine gas 
unless the gas is perfectly dry. The 
highly oxidation-resistant properties im- 
parted to steel by chromium suggested 
that the addition of chromium to these 
alloys might improve their oxidation 
resistance, while they simultaneously 
retained their hydrochloric acid resist- 
ance. For this purpose, a series of 
chromium-bearing alloys were cast and 
tested for corrosion losses. Here again, 
a balance was struck between cost, 
chemical resistance, and workability. 
The alloy chosen for its best combina- 
tion of properties was similar to alloy A, 
except that approximately 15 per cent 
of chromium was substituted for part 
of the iron content. A small amount of 
tungsten was incorporated to improve 
the properties still further. The result- 
ing alloy is designated as alloy C. 

The differences in the corrosion losses 
of alloys A and C in hydrochloric acid 
are shown in Table III. In sulfuric 
acid, alloy C is, in general, slightly 
better, except in concentrations below 
i0 per cent at temperatures approaching 
the boiling point. Alloy C, however, 
has remarkably good resistance to strong 
oxidizing agents such as nitric acid, free 
chlorine, aqueous solutions containing 
chlorine or hypochlorites, and acid 
solutions of ferric or cupric salts. It is 
quite resistant to phosphoric acid and 
highly resistant to acetic and formic acid. 

Alloy C is now one of the few com- 
mercially available metallic materials 
possessing adequate resistance to hypo- 
chlorites and solutions containing free 
chlorine in appreciable concentrations, 
such as those used for bleaching 
purposes. However, this alloy may be 
attacked in solutions above room tem- 
perature, especially at temperatures 
over 40 C. (105 F.). At room tempera- 
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ture, the rate of penetration in wet 
chlorine gas is 0.038 in. per year, but 
at higher temperatures, local attack may 
occur. 

Alloy C has a strength comparable 
with that of low- or medium-carbon cast 
steel, and, although its ductility is not as 
high as that of steel, it has considerable 
toughness for a cast material. The high 
percentage of elements usually con- 
sidered as hardening constituents renders 
this alloy difficult to forge and roll, al- 
though it can be machined at slow cut- 
ting speeds. Small plates with a maxi- 
mum weight of 100 Ib. have been rolled 
of the alloy, however, and it is believed 
that the alloy will be useful in this form. 
Actually, the alloy is not exceptionally 
hard; it is believed, rather, that it is its 
structure which makes machining—and 
to an even greater degree, rolling—difh- 
cult. Recent studies have shown that 
its machinability can be improved by 
annealing for about 2 hr. at 1180 to 1205 
C. (2150 to 2200 F.), and air cooling. 
This heat treatment results in an increase 
in both its ductility and corrosion resist- 
ance. In this condition, this alloy work- 
hardens rapidly, and for some machining 
operations a short hardening treatment 
at 870C. (1600F.) has been found 
preferable to the high-temperature sof- 
tening anneal. 

Welding does not affect the alloy’s 
corrosion resistance, if done by an ex- 
perienced operator who observes the 
necessary precautions. Heat treatment 
after welding is not usually necessary. 
The principal physical properties of this 
alloy are shown in Table I. 


NICKEL-SILICON ALLOYS FOR SULFURIC 
AcID 


The 14 per cent silicon-iron alloys 
have been used for some time for sulfuric 
acid service. A part of this investiga- 
tion of nickel alloys was therefore 
directed to study nickel alloys containing 
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silicon (1). It was found that nickel- 
silicon alloys, with up to 10 per cent of 
silicon, are fairly strong but not par- 
ticularly acid-resistant; at about 15 per 
cent silicon they become resistant to 
acids but are very brittle (1). Approxi- 
mately the same conditions are found 
with nickel-aluminum alloys, except 
that brittleness and resistance to acid 
do not occur until the aluminum content 
approaches 20 per cent. Of the ternary 
nickel alloys in this group, the only one 
that combines useful strength with fairly 
good acid resistance is one containing 
approximately 10 per cent of silicon and 
5 per cent of aluminum. 

In studying the effect of adding copper 
to the nickel-silicon-aluminum alloy, it 
was found that from 2.5 to 3 per cent of 
copper gave a finer grained and con- 
siderably stronger alloy. Metallo- 
graphic examinations led to the idea 
that the sum of the silicon and aluminum 
should not exceed 12 per cent if the 
formation of certain inter-metallic com- 
pounds was to be avoided. The alumi- 
num content was therefore lowered, the 
copper retained, and favorable results 
were secured at once. This alloy D, a 
nickel alloy which contains approxi- 
mately 10 per cent silicon, 3 per cent 
copper, and asmall amount of aluminum, 
makes strong, tough castings which are 
quite resistant to sulfuric acid. 

While the resistance of alloy D to 
hydrochloric acid is not quite so high as 
that of the nickel-molybdenum-iron 
alloys, it is considerably above that of 
most commercial alloys. In 10 per cent 
hydrochloric acid at 70C. (158 F.), it 
loses 0.0006 g. per sq. cm. per hr., 
corresponding to a penetration of 0.021 
in. per month; but, unlike alloy A, it is 
somewhat less resistant to stronger 
hydrochloric acid concentrations. In 
sulfuric acid at 70 C. (158 F.), it shows 
practically the same resistance as alloy 
A, but at the boiling point it has better 
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resistance, throughout the range of acid 
concentrations investigated, than alloys 
A, B, or C. In acetic and phosphoric 
acids, the alloy also compares favorably 
with alloys A and B. 

Alloy D is not workable and is 
machined only with difficulty; it is best 
finished by grinding. In general, other- 
wise, its physical properties are similar 
to those of a high-grade cast iron (7). 
However, it has a higher transverse 
strength and good deflection, partic- 
ularly after a toughening anneal. Its 
high silicon content imparts an average 
hardness of Rockwell C-50 to C-55, and 
low impact strength. Its hardness can 
be reduced to Rockwell C-45, and its 
toughness and impact strength appreci- 
ably increased, without effect on its 
corrosion resistance, by heating at 1000 
C. (1850 F.) for 3 hr. and furnace cooling. 
Because of its hardness, alloy D pos- 
sesses good abrasion resistance, and this 
property makes it particularly suitable 
for handling liquids containing sus- 
pended abrasive matter. Other physical 
properties of alloy D are shown in 
Table I. 


Test PRACTICES FOR CORROSION 
DETERMINATION 


Because of the severity of corrosive 
media to which these nickel alloys are 
most usually subjected, severe limits 
have been established on the corrosion 
resistance of each. The only sure way 
found yet to assure that the alloys will 
be satisfactory in service is to pour 
corrosion test samples from every heat. 
Samples of alloys A, B, and D are poured 
as small pieces 1 by 1} by ¢ in. in size, 
and with a cored hole near one end. 
Alloy C samples are poured as a block 
approximately } in. square and 1} in. 


long. All samples are ground to remove 
scale, are slightly polished, are rounded 
at their corners, and are carefully 
weighed. 

The corrosion loss of alloy A is tested 
in a boiling 10 per cent hydrochloric acid 
solution; alloy B is run in boiling 20 per 
cent hydrochloric acid, alloy C is sus- 
pended in an atmosphere of wet chlorine 
at room temperature; and alloy D is 
subjected to boiling 77 per cent sulfuric 
acid. Short-time corrosion tests, usually 
between 15 and 20 hr., are run, and 
while these result in higher rates of 


TABLE IV.—SHORT TIME PENETRATION TESTS 
TO DETERMINE SUITABILITY 


| Penetra- 
Alloy Conditions tion, in. 
per mo. 
| eee 10 per cent HCl, boiling 0.020 max. 
20 per cent HCI, boiling. . .....)| 0.003 max. 
_ Re: Wet chlorine, room temperature, 0.0032 max. 
_ eee 77 per cent H2SO,, boiling | 0.0156 mas. 


weight lost than would be obtained from 
longer tests, experience over a long 
period has shown that these tests are 
sufficient to indicate whether or not the 
sample is satisfactory. Calculated in 
inches penetration per month, the aver- 
age corrosion losses under the respective 
conditions are shown in Table IV. 

Because it is commercially possible to 
hold these four alloys within the pre- 
scribed limits of corrosion losses, they 
have been useful in many types of proc- 
essing equipment. The ease of fabri- 
cation of alloys A and B, the good 
physical characteristics of all four alloys, 
and the excellent resistance of the alloys 
to such a variety of corrosivé media has 
assured that they will be increasingly 
adopted for equipment handling strong 
chemicals. 
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DISCUSSION 


Mr. Joun Howe Hatt.'—I am im- 
pressed by the fact that the analysis of 
several of the alloys is not given with any 
degree of clarity. On page 706, second 
column, in describing alloy C, I notice 
that “approximately 15 per cent of chrom- 
ium” and “‘a small amount of tungsten” 
make up the composition of this alloy, 
and similarly, on page 707, second column, 
second paragraph, alloy D contains “ap- 
proximately 10 per cent silicon, 3 per 
cent copper, and @ small amount of 
aluminum” and the balance nickel. I 
should like to see the composition more 
clearly stated. 

Mr. G. F. Comstock.*-—I should like 
to ask what, in general terms, was done 
to the composition known as alloy B to 
render it workable. 

Mr. F. T. McCurpy?® (author’s closure 
by letter). Answering Mr. Hall’s ques- 
1 Consulting Engineer, Philadelphia, Pa. 

2Metallurgist, The Titanium Alloy Manufacturing 


Co., Niagara Falls, N.Y. 
_ 4Superintendent, Haynes Stellite Co., Kokomo, Ind. 


tion on the analysis: Hastelloy alloy C 
has a maximum content of 18 per cent 
chromium, 6 per cent tungsten, 7 per 
cent iron, 20 per cent molybdenum, and 
the balance nickel. Hastelloy alloy D 
has a maximum content of 11 per cent 
silicon, 4 per cent copper, and balance 
nickel. 

Answering Mr. Comstock’s question: 
no change was made in the composition 
of Hastelloy alloy B to render it work- 
able. Alloy B is 65 per cent nickel, 30 
per cent molybdenum, and 5 per cent 
iron. We have been able to work this 
alloy by very close control of the tem- 
perature at which it is rolled, the amount 
of draft given per rolling, and the number 
of passes made before it was advisable 
to reheat. Although this alloy cannot 
be worked in the manner in which steels 
are ordinarily worked, however, we have 
been able to successfully roll it into 
sheets. 
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FATIGUE MACHINES FOR TESTING STRUCTURAL UNITS 
By R. L. Temp.in! 4 


SYNOPSIS 


- Fatigue tests of structural units such as joints, beams, columns, and frames, 
carried out under normal working loads, will give results which should be of 
considerable assistance in improving the design of such structural units so as 
better to withstand repeated service loads. This paper describes in some 
detail three types of relatively large fatigue testing machines which have been 
designed for the purpose just mentioned. The functioning and calibration 
of the machines is discussed in some detail and the results obtained from four 
years use are briefly indicated. A limited amount of test data is included. 


Numerous instances have been ob- 
served wherein structures, or parts of 
structures, have failed under repeated 
loads. These repeated loads, in some 
cases, are appreciably less than the 
structures or members can carry safely 
under single application or static load 
conditions. The failures occurring un- 
der these conditions of repeated loads are 
designated as fatigue failures and almost 
invariably are associated in some way 
with joints or connections in the struc- 
tures. 

The investigation of the fatigue 
strength of structures subject to re- 
peated loadings has received but little 
attention in this country until recently, 
although such investigational work has 
been under way for some time in other 
countries, especially in Germany. 

In designing structures, such as 
bridges, for example, the customary pro- 
cedure is to make assumptions relative 
to stress distribution in members, or 
transfer of load by rivets or welds, 
which neglect or ignore the relatively 


Chief Engineer of Tests, Aluminum Company of 
America, New Kensington, Pa. 
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high actual stresses occurring at rivet 
holes, edges or ends of welds, and around 
openings for lightening or other purposes. 
These high local stresses in most cases 
do not cause any trouble under static 
load conditions but under repeated loads 
may, and frequently do, cause fatigue 
cracks with eventual failure of the 
member or structure. 

In order that structures can be prop- 
erly designed to withstand repeated 
loads, it would seem necessary to know 
the fatigue strength of the structural 
material used, the actual stresses in the 
various parts of the structure under the 
service loads obtaining, and the number 
of repetitions of such loads during the 
expected life of the structure. 

The evaluation of the fatigue strengths 
of structural metals, however, is by no 
means as simple as, for example, the 
determination of their static tensile 
properties. The value determined for 
the fatigue strength of a metal depends 
upon the range of stress, the mean stress, 
the conditions of combined stress, the 
number of repetitions of stress, surface 
conditions of the specimen, corrosive 
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conditions obtaining, temperature, and, 
in some instances, speed of testing. To 
consider properly the effect of all these 
factors would require much testing 
equipment and time resulting in a large 
cost for the desired data. Assuming 
for the moment that such information 
were available, the measurement or 
calculation of the actual stresses occur- 
ring at points of stress concentration 
in a structure or its component parts, 
under service conditions, is very difficult 
if not quite impossible in many cases. 
It appears more satisfactory, therefore, 
to attempt at least a partial, and prob- 


Fic. 1. 
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Repeated Joint Fatigue Testing Machine. 


signed and built early in 1935 and put 
into operation in August of that year 
by the Aluminum Research Labora- 
tories, New Kensington, Pa. This first 
machine, Fig. 1, consists of two similar 
units, but both operated by a single 
25-hp. geared motor. Each unit con- 
sists of a horizontal bed firmly attached 
to a concrete foundation, to one end of 
which a vertical member is rigidly 
attached. To the upper end of the 
vertical member a long horizontal double 
beam is attached by means of crossed 
plate fulcra. The horizontal beam is 
about the same length as the bed, and 


Maximum loading range on specimen 


+ 40,000 Ib. 


ably an adequate, solution of the prob- 
lem presented by making repeated load 
tests of actual joints, beams, columns, 
frames, and other component parts of 
structures. Such tests made under con- 
trolled conditions and carried out at 
accelerated rates but in the range of 
normal working loads, or slightly be- 
yond, would result in data which should 
greatly assist the designer of structures 
subjected to repeated loads. 


Description of the Machines: 


With this purpose in mind a riveted- 
joint fatigue testing machine was de- 


its outer end is attached through a 
single plate fulcrum to an adjustable- 
throw eccentric crank. The eccentrics 
of the two units are nominally 90 deg. 
out of phase to minimize peak loads in 
the motor and to improve the running 
of the machine. The test specimens are 
placed in the unit in a vertical position 
between the crank end and the fulcrum 
end of the machine, one end of each 
specimen being fastened to the bed 
and the other to the horizontal beam. 
When the specimen is in place and the 
crank or eccentric (not being set at zero 
throw) is turned, the upper horizontal 
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beam is moved up and down, applying 
either tension or compression to the 
specimen. As load is applied to the 
specimen, the upper beam deflects and 
the load applied is proportional to the 
change in deflection of the beam. The 
upper or movable beams then act as 
second-class levers of approximately 


Close-Up View of Two Aluminum Angle 
Struts Being Subjected to Axial Repeated 
Load Test. 


10 to 1 ratio, when the machine is 
operating. 

The maximum load that could be 
imposed on each specimen was originally 
25,000 lb. either tension or compression, 
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and the speed was 175 cycles per minute, 
A few months after the machine was 
put into operation it was decided to 
increase both its capacity and its speed 
by using larger loading beams and pro- 
viding a new set of gears in the driving 
unit. These changes gave a maximum 
capacity in tension or compression of 
40,000 Ib., and a speed of 312 cycles per 
minute. The two units comprising this 
machine were designated Nos. 1 and 2. 

In the fall of 1935 a column fatigue 
testing machine was designed and built. 
This machine (Fig. 2), which was 
installed in June 1936, had a different 
type of drive and an improved design 
of eccentric for changing the load range 
In addition provision was made for 
applying load through plate fulcra at 
each end of the specimens.? The maxi- 
mum capacity in tension or compression 
of this machine is 50,000 lb. and the 
maximum length of specimen which can 
be tested is much greater than in the 
riveted-joint machine. In addition a 
greater throw of the eccentrics has been 
provided. This machine is operated at 
210 cycles per minute, using a 15-hp. 
motor. The units of this machine have 
been designated as Nos. 3 and 4. 

During the latter part of 1937 this 
column fatigue testing machine was 
modified so that it could be used for 
testing beams, as well as columns or 
frames, under repeated loads. Some of 
these modifications are shown in Fig. 3. 
When used for testing beams or frames, 
certain limitations of size and deflection 
must be observed as indicated in Table I. 
Figures 4 and 5 are close-up views 
showing struts and beams in_ this 
machine. 

In September, 1937 two additional 
riveted-joint fatigue testing machines 
(Fig. 6), combining the loading princi- 


2 Fred S. Eastman, ‘‘Flexure Pivots to Replace Knife 
Edges and Ball Bearings,” Bulletin No. 86, University of 
Washington Engineering Experiment Station, November, 
1935. 
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High-Speed Fatigue Testing Machine for Joints. Maximum loading range on specimen 
+ 50,000 lb. Speed 300 or 500 cycles per minute. 
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ples of units 1 and 2 and the drive of 
units 3 and 4, were put into operation. 
These machines, designated as units 
5, 6, 7 and 8, have loading beams com- 
parable to those used in the column- 
beam fatigue machines (50,000-lb. ca- 
pacity), and have a similar design of 
drive except that suitable pulleys were 
provided to give operating speeds of 
either 300 or 500 cycles per minute. 
The lower speed is used for the higher 
load ranges (about one-half to full load 
capacity), and the higher speed for the 
lower loads. The nominal maximum 
width of specimen was increased for 


of the total running time, but these low 
loads account, in part at least, for the 
total absence of motor maintenance 
troubles. Micro-limit switches are pro- 
vided so that a change in deflection of a 
few thousandths of an inch of the 
loading beam will shut down the ma- 
chines. In nearly all cases this amount 
of change in deflection takes place 
shortly after a fatigue crack occurs in a 
specimen. Reset revolution counters 
are geared (100 to 1 reduction) directly 
to the eccentric shafts of each machine. 
Removable handwheels are provided 
for the extension shafts of the motors to 


TABLE I.—STRUCTURAL FATIGUE TESTING MACHINES. 


Loading Beam | 
Load Load on Maxi- | joe i 
Unit Capac- om of | Maximum Size of 
ity, . per ctua Move- : } ‘ ecimen | Specimer 
Ib. 0.001 in. Lever ment | et 
deflection Ratio at 
of upper Speci- 
eam men 
Nos. 1 & 2....... 40000} 124.1 10.079:1 | 0.3 312 25 | Joints 74 in. wide, 30 in. 
122.8 10.071:1 | long 
Nos. 3 & «...... 50 000 194.6 10:1% | 0.5 210 15 { Columns 18 in. square by 6 ft., 
194.6 : 8 in. long 
Simple 6 in. wide, 6 in. deep, 
beams 84-in. span 
Nos. § & 6....... 50 000 184.9 10.186:1 0.5 300 or 500 25 =| Joints 16 in. wide, 30 in. 
183.6 10.190:1 long 
Nos. 7 & 8....... 50 000 185.1 10.178:1 0.5 | 300 or 500 25 | Joints 16 in. wide, 30 in. 
| 184.6 | 10.174:1 | long 


® Actual ratio not determined. Unnecessary because of calibration method used. 


these machines as compared to units 
1 and 2, as shown in Table I, but the 
length of specimen was not changed. 
Each machine is provided with a 25-hp. 
motor. 

Experience with these different test- 
ing machines has demonstrated the 
merits of the use of oversize motors. 
Such motors have a considerable fly- 
wheel effect which contributes much 
toward smooth operation, and the excess 
power insures easy and smooth starting 
of the machines. The large motors 
undoubtedly cause some power losses 
because of the low loads during much 


=, 


facilitate manual operation of the units 
while adjusting the load ranges on the 
specimens. 


Calibration of the Machines: 


A special deflection-measuring device 
was provided for use in calibrating the 
upper movable beams of all the units 
of the machines. This device also 
serves as a means for checking the loads 
on the specimens when setting the throw 
of the eccentrics or shifting the load 
ranges. As a check on this deflection- 
measuring device, a permanently in- 
stalled standard reference bar is pro- 
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vided in the laboratory adjacent to the 
machines. Readings on the reference 
bar with the deflection-measuring device 
indicate whether any changes in, the 
instrument have occurred. 

The deflection-measuring device con- 
sists essentially of a stiff, lightweight, 
hollow rectangular beam of suitable 
length, to one end of which a crosspiece 
is firmly attached. One end of this 
crosspiece is provided with a short, 
pointed support, the other end with a 
smooth rounded support. The pointed 
(60 deg.) support is inserted in a small 
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short V-groove and flat spot on the 
loading beams of the various units. 
With these arrangements, easy and accu- 
rate application and removal of the 
deflection-measuring device is assured. 

The dial gage indicates deflections 
directly to 0.001 in. and values can be 
estimated readily to 0.0002 in. The 
gage has been calibrated at every tenth 
division throughout its total travel of 1 
in., using standards checked by the 
National Bureau of Standards. The 
maximum error throughout the first 
0.6 of the dial’s range was +0.0003 in.; 
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Fic. 7.—Deflection Measuring Device for Loading Beams of Structural Unit Fatigue 
Testing Machines. 


hole drilled in the upper surface near the 
outer end of one of the pair of loading 
beams of each unit of the testing ma- 
chines. The other end of the deflection 
device is supported on a solid steel 
roller as shown in Fig. 7, thus providing, 
with the other supports, a three-point 
base. Near the middle of the length 
of the device a dial indicator with a 
suitable stem extension rests on a cross- 
plece supported on the loading beams 
at three points. This crosspiece is 
provided with pointed and rounded 
Supports with complementary small hole, 


for the rest of its range it was +0.001 in. 
As normally used the errors in the dial 
reading are not greater than +0.0003 
in. in deflection, which would correspond 
to about 60 Ib. total load on the speci- 
men. ‘The probable error in reading the 
dial (0.0002 in.) corresponds to a total 
load on the specimen of about 40 Ib. 
These two errors, of course, may be 
additive or partially compensative. 
Two different methods were used for 
checking the loads applied by the ma- 
chines, but in both methods the loads 
were determined in terms of the deflec- 
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tion of the upper movable or loading 
beams of the various units. In the first 
calibration method used, the deflection 
reading of the beams was determined 
without any specimen in the machine; 
then a dummy specimen was inserted 
in the machine and loads were applied 
at the eccentric end of the beams using a 
calibrated link dynamometer® in series 
with a hydraulic jack. To do this it 
was necessary to remove the plate 
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in terms of the deflections of the loading 
beams of the units were determined as 
shown in Table I. This procedure was 
used in the case of units Nos. 1 and 2. 
In the case of units Nos. 5, 6, 7 and 8, 
a modification of this method was used 
wherein loads were applied to the loading 
beams, using the apparatus shown in 
Fig. 6 and the load range adjusting 
screws of the machine as screw jacks, 
With this arrangement the beams could 


5000 
5| | | Maximum Load 
4000 &—10.055/-in. deflection “1000 load 
(Lever ratio =/0./86:/ | 
3000} —_|0.000!-in, deflection = 49 1b. on 
| test specimen 
2000 Unit 6 | | 
0.0555-in. deflection =1000-1b. 
000 | Lever ratio load | | 
load on fest specimen 
a fe) 
a c 
| 
0.0550 -in. deflection = /000 -/b. 
1 4 | applied load 
& Lever ratio =10./78:/ | 
2000}.<- 0.000!-in. deflection =18.5/-/b. 
2 load on test specimen 
0.0551-in. deflection = 1b. applied load 
& Lever ratio=/0./74:/ 
4000] € 1 0.000! in.deflection 46 tb. load on test 
a --Maximum Load Capacit Specimen| | 
5000 pacily 


Net Dial Deflection, in. 
Fic. 8.—Calibration Data for Joint Fatigue Testing Machines Units 5, 6, 7 and 8. 


fulcrum at the eccentric end of the beam 
and replace it with a metal plate of 
suitable thickness so that the center 
line of action of the load would corre- 
spond to the center line of the plate 
fulcrum. The lever ratios of the loading 
beams were then carefully determined 
by actual measurement. From the data 
_ thus obtained the loads on the specimens 


3 Laboratory Reports Nos. 6500-289 and 6500-406, Nat. 
Bureau Standards. Dynamometer correct within + 0.2 


per cent. 
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be calibrated throughout their total 
capacity ranges. The calibration data 
obtained are shown in Fig. 8. The 
calibration setup is shown in Fig. 6 
on the nearest unit of the first machine. 

For the column-beam fatigue festing 
machine a somewhat different calibra- 
tion procedure was used. In this case 


calibrated load-weighing devices were 
installed in the machine in a position 
corresponding to that of the specimens 
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9.— Details of Some of the Repeated Joint Fatigue Specimens Tested. 
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being tested. This was accomplished 
by using a special tubular strut and 
adaptors so arranged that Amsler boxes* 
of suitable capacity could be loaded in 
both tension and compression and the 
corresponding deflections of the loading 
beams determined in terms of the loads 
indicated by the boxes. Loads on the 
beams were applied by displacement of 
their eccentric ends. As in the case of 
the other units using the method pre- 
viously described, straight-line calibra- 
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Results Obtained with the Machines: 
The first of the fatigue testing ma- 
chines described has now been in opera- 
tion almost continuously for four years, 
a brief interruption occurring during 
the time required to change the speed 
and capacity of the machine. Two 
plate fulcra have failed in fatigue in 
the column-beam testing machine be- 
cause as originally designed the stresses 
used were too high. This has been cor- 
rected quite satisfactorily by reducing 
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Fic. 10. Fatigue Results from Repeated Joints Fabricated from 17S-T Plates and 17S-T Rivets. 


Nominal stress on net area varied from zero to values indicated. 


tion relationships between load and 
deflection of the beams were obtained. 

In a study of inertia effects upon the 
loading of specimens, it has been found 
that the magnitude of the effect is 
dependent upon two factors: (1) the 
amplitude of the outer end of the loading 
beam, and (2) the speed of the machine. 
For most of the tests which have been 
made, this effect does not exceed 5 per 
cent, and at the endurance limits ob- 
tained the effect is much less. 


4 Laboratory Reports Nos. 6500-238 and 6500-239, Nat. 


Bureau Standards. Devices correct within + 0.2 per cent. 


the thickness and increasing the length 
of the reduced section of the plates 
slightly. These plate fulcra are all 
made from silicon-vanadium alloy steel, 
heat treated so as to give high fatigue 
strength. One of the aluminum alloy 
loading beams in the initial machine 
failed in fatigue because of overloading 
beyond its designed capacity. Some 
of the ball bearings have been replaced 
recently in the first machine, but these 
bearings were known to be overloaded 
somewhat after the capacity of the 
machine was increased. It was much 
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cheaper to replace the bearings every 
two or three years than to rebuild the 
machine so as to provide for larger bear- 
ings. All of the machines with the 
exception of the first one operate very 
smoothly and quietly. The first ma- 
chine has a noisy coupling in it and some 
noise comes from the geared motor unit. 

Numerous types of specimens have 
been tested in the machines. Some of 
these types are shown in Fig. 9. In all, 
about 400 specimens have been tested 
previous to the first of this year. In 
general, the tests have shown such a very 
marked consistency throughout that 
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only a few check tests have been neces- 
sary. Some typical data are shown in 


Fig. 10. It is not the purpose of this 
paper to discuss the fatigue values or 
design of structural units to improve 
their fatigue strengths. It may be 
stated, however, that these testing 
machines have proved very useful in 
defining the fatigue strength of struc- 
tural units such as joints, struts and 
beams, and have given results indicating 
design changes that should be made in 
structures to increase their fatigue 


SELECTED BIBLIOGRAPHY 


K. Schaechterle, “On the Fatigue Strength 
of Riveted and Welded Joints and the 
Design of Dynamically Stressed Struc- 
tural Members Based on Conclusions 
Drawn from Fatigue Tests,” Publica- 
tion of the Internat. Assn. Bridge and 
Structural Eng., Vol. 2, pp. 312-379 
(1933-1934). 

E. H. Schulz and H. Buchholtz, ‘On the 
Fatigue Strength of Riveted and 
Welded Joints Made of ST52 Steel,” 
Publication of the Internat. Assn. 
Bridge and Structural Eng., Vol. 2, 
pp. 380-399 (1933-1934). 

Raymond H. Holbrock, ‘‘Some Problems of 
the Materials and Methods of Joining 
Used in Strong Light Structures,’ 
The Daniel Guggenheim Airship Insti- 
tute Report on Airship Forum, July 
25-26, 1935, p. 64. 

Otto Graf, “On Endurance Experiments 
with Flat Bar and Riveted Joints of 
Light Metal,” Der Stahlbau, Vol. 8, 
August 16, 1935, p. 132. 

W. Spraragen and G. E. Claussen, “Fatigue 
Strength of Welded Joints—a Review 
of the Literature to October 1, 1936,” 
Supplement to Journal, Am. Welding 
Soc., Vol. 16, No. 1, pp. 1-44 (1937). 

Imre Valyi, “Investigation on the Riveting 
of Aluminum Alloys of the Al-Cu-Mg 


Type,” Dissertation, Aluminum Ar- 
chives, Vol. 8 (1937). 

F. C. Lea and J. G. Whitman, “The Failure 
of Girders Under Repeated Stresses,” 
Journal, Inst. Civil Engrs. (London), 
November, 1937, p. 119. 

Goodyear-Zeppelin Corp., ‘Preliminary 
Fatigue Studies on Aluminum Alloy 
Aircraft Girders,’”’ Technical Note No. 
637, Nat. Advisory Committee for 
Aeronautics, February, 1938. 

W. M. Wilson and F. P. Thomas, ‘Fatigue 
Tests of Riveted Joints,” Bulletin No. 
302, University of Illinois, May 31, 
1938. 

W. M. Wilson, ‘‘Fatigue Tests of Riveted 
Joints,” Civil Engineering, Vol. 8, 
No. 8, Agust, 1938, p. 513. 

W. M. Bleakney, “Fatigue Testing of 
Wing Beams by the Resonance 
Method,” Technical Note No. 660, 
Nat. Bureau Standards, Nat. Ad- 
visory Committee for Aeronautics, 
August, 1938. 

Rudolf K. Bernhard, ‘Dynamic Tests by 
Means of Induced Vibrations,” Pro- 
ceedings, Am. Soc. Testing Mats., 
Vol. 37, Part II, p. 634 (1937). 

H. F. Moore, W. Spraragen and G. E. 
Claussen, “Fatigue Tests,” Welding 


Handbook, Am. Welding Soc. (1938), 


i 

na- | 
Ta- 
ars, 
‘ing 
eed | 
wo 

be- 
SSes 
cor- 
cing 

10° 


DISCUSSION 


Mr. J. M. Lesse.ts! (presented in 
written form).—This paper is a very 
welcome contribution to the mechanics 
of fatigue testing, and it is to be hoped 
that the author will see fit to publish 
more of his results at some future date. 
It has been the writer’s privilege to see 
these machines in operation, and he 
cannot speak too highly of the care taken 
in design details so as to give very nice 
operation equipment. 

In general, most of our knowledge of 
fatigue depends largely on tests con- 
ducted with zero mean stress during the 
cycle due to the ease in making such 
tests. While certain data are available 
for stress cycles with positive mean stress 
and a lesser amount for negative mean 
stress, it is true that the effect of mean 
stress has yet to be fully explored. 
This information is badly needed in 
order to throw further light on the 
effect of mean stress, especially if these 
are compressive. Does the Goodman 
relation hold for such conditions as 
well as it seems to hold for tensile mean 
stresses? 

The development of the pulsator type 
of machine has resulted in more data 
becoming available, especially in Europe, 
and in particular in Germany. Because 
this development involves testing ma- 
chines which can be employed in other 
work, it is expected that the additions 
to the knowledge will be slow. In the 
machines developed by Templin, this 
defect is largely removed and conse- 


1 Associate Professor of Mechanical Engineering, Mas- 
sachusetts Institute of Technology, Cambridge, Mass. 


quently the machines can be devoted 
exclusively to the fatigue testing of all 
kinds of structures under different 
mean stresses. 

It is therefore to be hoped that more 
results will be published, because, from 
what has been made available from the 
pulsator type and also from the special 
machines developed by F. C. Lea in 
England, there is evidence that the range 
of stress continues to increase, or at 
least not decrease, when the mean 
stresses have a negative value during 
the cycle. 

Mr. W. L. HowLanp.?—I would like 
to ask Mr. Templin how he will present 
the data secured with the large-size 
testing machine so that they will be 
useful to the engineer. 

Mr. R. L. Tempiin® (author’s closure). 

In some ways the results are qualita- 
tive and in others we believe they are 
quantitative. An example of the for- 
mer, and one which should be useful to 
design engineers, is that open holes in 
structures subjected to repeated loads 
are more detrimental to the life of the 
structure than holes containing properly 
driven rivets. Examples of the quanti- 
tative results covering such important 
items as the best proportions of joints, 
and the relative importance of shear 
stress, tensile stress, and bearing stress 
will all be presented in detail when the 
data are sufficiently complete. 


2Assistant Director of Research, Guggenheim Aero- 
nautics Laboratory, California Institute of Technology, 
Pasadena, Calif. 

*Chief Engineer of Tests, Aluminum Company of 
America, New Kensington, Pa. 
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FATIGUE STRENGTH OF MACHINED FORGINGS 
6 TO 7 IN. IN DIAMETER 


By O. J. Horcer' anp H. R. Nerrert! 


SYNOPSIS 


The Association of American Railroads is making extensive laboratory 
tests to determine the fatigue strength of full-size railroad car axles and this 
paper forms a progress report on some of this work. 
lever beam fatigue tests made on 31 steel forgings from the same heat of S.A.E. 
No. 1045 steel machined to a tapered test section having a diameter of 6 to 7 
in. These specimens were tested in the as-forged condition without heat 
treatment but machined after forging to a smooth turned surface. 

Data is included on scale-size fatigue tests of 14 and 0.3-in. diameter speci- 
Metallurgical studies and profilograph records of surface finish 
A discussion of test results with reference to 
those of previous investigators is also given. 


mens. 
supplement the fatigue tests. 


The Association of American Rail- 
roads is conducting laboratory fatigue 
tests on full-size passenger-car axles.? 
This project is under the direction of an 
A.A.R. committee, assisted by the tech- 
nical committee of the Association of 
American Steel Manufacturers, all of 
which is under the supervision of the 
committee chairman, W. I. Cantley, 
Mechanical Engineer for the A.A.R. 
The fatigue tests are being made at Can- 
ton, Ohio. 

This paper reports findings on the 
body of car axles which may be con- 
sidered as plain specimens 6 to 7 in. 
in diameter; that is, the shape of the 
body is such that there is no stress con- 
centration due to shape. These findings 
are of secondary nature in that the pri- 


E * In Charge of Railway Engineering and Research, and 
Role Research Laboratory, respectively, The Timken 
oller Bearing Co., Canton, Ohio. 
Fi Passenger Car Axle Tests, 544 X 10-in. Journals,” 
Chae and Second Progress Reports, Assn. Am. Railroads, 
icago, Ill., May and November, 1938. 


Discusses rotating canti- 


mary object of these tests was to deter- 
mine the fatigue strength of these axles 
at the section where the wheel is pressed 
on, results of which are not given here. 
The reported data refer to the fatigue 
strength of the body of the axle, which is 
the portion connecting the wheel seats. 
The full-size axles as tested represent 
design, material, manufacturing proc- 
esses, and machining conditions as found 
in railroad practice. In fact the axles 
in the as-tested condition could be ap- 
plied to a railroad car without modifi- 
cation, so that the test results represent 
what may be expected from conditions 
prevailing in service. 


MATERIAL 
Specification: 


The material used for both the full- 
size axles and auxiliary tests is according 
to A.A.R. specifications for axles M- 
101-36, grade B, and was produced from 


m Aero- 
hnology, 
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one heat of basic open-hearth steel. 
Chemical and physical properties were 
obtained from drillings and tension speci- 
mens from the ends of full-size axles as 
shown in Table I. Carbon determina- 
tions were made on each axle but ran- 
dom check analysis was made for other 
elements given in the table. 

In general, the heat is representative 
of average axle practice, except for 
effort to confine the axles to a carbon 
content about half way between the 
specification minimum of 0.40 per cent 
and maximum of 0.55 per cent. 


Chemical Composition: 


Center 


Carbon, per cent 
Manganese, per cent 
Phosphorous, per cent 
Sulfur, percent 
Silicon, per cent 


Physical Properties: 


Yield strength, psi.’ 

Tensile strength, psi. 

Reduction of area, per cent 
Elongation, per cent 

Brinell hardness 

Izod impact 


@ Determined by ‘‘drop of the beam’”’ method. 


Rolling and Forging Procedure: 
g ging 


bloomed in a 44-in., 2-high electrically 
driven reversing mill, sixteen to eighteen 
passes being required to reduce the 
ingots to 9 by 9-in., and 10 by 10-in. 


blooms. The blooms were then _re- 
heated to 2230 to 2380 F. and rolled 
into 7}-in. rounds or 8}-in. octagons, 
depending upon wheel seat diameter. 
From the rolling mill they were trans- 
ferred within 15 sec. to 2 min. to the 
forging hammers, where the body was 
forged down to the proper shape. 
The temperature of the various axles 
before forging varied from 1760 to 
1960 F. and after forging the tempera- 


TABLE 
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ture was 1590 to 1820 F. The axles 
were then hot-straightened by either 
(a) rolling the axle with bearings on the 
wheel seat and center simultaneously or 
(b) by means of a forging hammer. 

The 1}-in. diameter plain specimens 
were machined from 2}-in. diameter 
hot-rolled bar stock of the same speci- 
fication as the full-size axles. One ingot 
of the heat mentioned before was 
bloomed in the billet mill to 5 by 5 in. 
in 13 passes, and then reduced to 2} in. 
round in the merchant mill in nine 
passes. 

vo 


Midway Outside 


0.38 to 0.49 
0.57 
0.014 
0.027 
0).24 


0.41 to 0.49 


42 000 to 63 000 
84 500 to 97 500 
14.1 to 32.1 


42 500 to 64 000 
87 500 to 95 000 
34.4 to 41.0 
12.5 to 21.0 19.5 to 25.0 
192 to 197 187 to 197 


6 to 18 a 9 to 16. 


All axles were tested in the as-forged 
or as-rolled condition after being ma- 
chined and no heat treatment was used. 


Machining Procedure: 


The body portion of the full-size 
forged axles was machined as designated 
below by roughing and finishing opera- 
tions using the following approximate 
lathe conditions: 

Finish 
Number of cuts 


Depth of each cut, in. 
Revolutions per minute... . 


Feed per revolution, in..... ”% 

Water coolant was used in the finish 
operation giving what is termed “pull- 
man finish.” No lubricant or coolant 
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was used on the roughing cuts. All 
axles were carefully inspected for seams 
or checks which might be revealed in 
turning, but none were found. 

The 1}-in. diameter specimen was 
machined from 15-in. lengths of 2}-in. 
diameter hot-rolled stock. The total 
thickness of stock removed at the critical 
section was approximately ¢ in. 


93 Ye — 


AXLE SUPPORTED 


HERE IN TEST BY 

36 IN. DIAM. PRESSED —- 

ON WHEEL (8-8-2) 

{e-c-2) | 


section is that used in standard design 
practice in car axles. 

Six of the full-size axles were surface 
rolled in the body over the finish-turned 
surface previously mentioned with 10-in. 
diameter by 5-in. radius contour rollers 
at a pressure of 25,000 lb. per roller.’ 
This was done to prevent fatigue failure 
in the body at high bending stresses and 


| HUB FACE TO FRACTURE 


NOM. DIAM 


i 


1994" 


STRESS DISTRIBUTION 


CURVE FOR 
BODY OF AXLE 


STRESS,PER CENT 


Fic. 1..—Full-Size Test Axle. 


Showing detail of axle design and location of body fractures with 


test axle numbers. 


SPECIMENS TESTED 
Full-Size Axles: 


Design of the full-size axle specimen is 
shown in Fig. 1. A wheel is press fitted 
on one end of the axle as indicated, which 
also serves as a means of attaching the 
axle to the testing machine. The test 
load P is applied at the opposite end of 
the axle. The stress distribution curve 
for the body of the axle indicates the 
of maximum calculated 
bending stress along the length of the 
test section. The shape of this test 


to force fatigue failure in the axle where 
the wheel was pressed on. ‘The body of 
all other axles was left in the as-received 
finish-turned condition already  de- 


Auxiliary fatigue tests were made on 
1}-in. diameter specimens of the design 
shown in Fig. 8. These were machined 


1}-in. Axles: 


2 This rolling procedure is described in detail in a paper 
by T. V. Buckwalter, O. J. Horger and W. C. Sanders, 
“Modern Locomotive and Axle Testing Equipment,” 
Transactions, Am. Soc. Mechanical Engrs., Vol. 59, No. 3, 
April, 1937, p. 225. 
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from 2}-in. diameter hot-rolled bar 
stock of the same specification as the 
full-size axles. A wheel press fitted on 
one end of the specimen serves to at- 
tach the axle to the testing machine. 
The test load is applied at P. The test 
section of the specimen is smooth 
turned, but not polished. Point of 
maximum bending stress, or critical 
section, is at the 1}-in. diameter indi- 
cated in Fig. 8 and the stress drops off a 
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which these specimens were selected js 
shown in Fig. 9. ‘Test section radius of 
specimens was 93 in. and was polished, 
TESTING MACHINES 
Full-Size Tests: 

Fatigue machines used to test the full- 
size axles are of the cantilever type 
shown in Fig. 2. The design of this 
machine is symmetrical so that two 


Fic. 2.—Full-Size A.A.R. Axle Fatigue Testing Machine Shown with Test Axle in Position on 
Kach End of the Machine and Being Tested as Cantilever Beams. Two such machines 
are being operated by the A.A.R. in this laboratory. 


little less than 1 per cent at the ends of 


the tapered section adjoining the 3-in. 
fillets. 


0.3-in. Specimens: 


R. R. Moore rotating beam specimens 
0.3 in. in diameter were machined from 
one of the full-size axles at the wheel 
seat. The cross-sectional position from 


‘Unpublished tests on 0.3-in. specimens made at 
University of Michigan. 


axles may be tested simultaneously at 
the same or different bending stresses, 
one test axle being located at each end of 
the machine. Constant vertical spring 
load is applied through knife edges at 
the journal end of the axle opposite the 
axle end on which the wheel is mounted. 
Several combinations of loading springs 


are provided having low spring constant 


so that any eccentricity of the loading 
end of the axle or vibrations will cause 
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relatively small change in axle bending 
stress. 

A 36-in. diameter wheel is pressed on 
the test axle near one end and this entire 
axle and wheel assembly is bolted to the 
rotating flange of the testing machine 
by means of 34 bolts at the rim of the 
wheel. The journal end of the axle 
protruding beyond the pressed-on wheel 
projects into the hollow bore of the test 


Fic. 3. 


machine spindle, and there is no contact 
between spindle and test axle and wheel 
assembly except at the bolted rim of the 
wheel. A 75-hp. variable speed motor 
drives the machine at a maximum speed 
of 1450 to 1500 r.p.m. which is equivalent 
to 155 to 160 m.p.h. on 36-in. diameter 
car wheels. All tests were made at the 
maximum speed of the test machines. 
The roller bearings supporting the 
main driver spindle are mounted in 
pivot-supported housings which have 
circulating well water passing through 
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cored chambers in the cast housings and 
closures. These bearings are lubricated 
by means of a pressure oil system from a 
1000-gal. water-cooled tank which pro- 
vides a continuous flow of circulating oil. 
The loading bearings through which 
load is applied on the end of the axle are 
also mounted in boxes which are cooled 
by circulating water but the oil does not 


circulate. 


Scale Size Axle Fatigue Testing Machine Shown with Test Axles in Position at Each End of 
the Machine and Being Tested as Cantilever Beams. 


Seven machines of this type are available. 


13-in Tests: 

Plain specimens 14 in. in diameter 
were also tested in machines of the 
double-end cantilever type similar in 
design to the large machines as shown 
in Fig. 3. A 5-hp. constant-speed motor 
is used to drive each machine. The 
speed of the several machines in which 
these specimens were tested ranges from 
1400 to 2100 r.p.m. which is equiva- 
lent to 150 to 225 m.p.h., respectively, 
on 36-in. diameter wheels. 

Bending stress values given through- 
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out this paper are calculated by the slightly rusted condition in the body 
elementary beam formula: of the axle which was not disturbed at 
PL the time of the fatigue test. Figure 6 


Z 

where S = stress at outer fiber, 

P = load on end of test axle, 

L = length of lever arm, and 

Z = section modulus. 
The endurance limit is based on 168 
million revolutions which is equivalent 
to 300,000 miles in car service on 36-in. 
diameter wheels, with the exception of 
the 0.3-in. specimens for which the 
usual 10 million stress reversals was 
used. 


S= 


SURFACE FINISH 


_A practice is usually followed in this 
laboratory of obtaining a permanent 


TABLE II.—DATA ON BODY FAILURES 
OF FULL-SIZE AXLES. 


Calculated 
Bending Stress 
at Fracture, 
psi. Description of Failure 


26 400 Broke off in tapered section 
. 26 100 Broke off in center section 
25 800 Cracked 3 deg. up fillet 
... 25 100 Broke off in tapered section 
. 24 500 Broke off in tapered section 
24 300 Broke off 17 deg. up fillet 
22 900 Broke off 7 deg. up fillet 
18 300 Broke off in center section 


Note.—When failure occurred in fillet, stress is calcu- 
lated for actual diameter at base of fillet. When failure 
occurred in tapered or center section stress is given for 
actual diameter at failure. 


graphical record giving a measurement 

of the irregularities of surface finish on 

each specimen tested. ‘Typical profilo- 

graph records of several turned finishes 

showing the height of tool marks are 

shown in Fig. 5 for both the full-size 

and 1}-in. diameter specimens. Sur- 

face conditions shown in Fig. 5 (a) and . 

(b) form the basis of this paper but that Fic. 4.—Typical Body Failure of Full-Six 

shown in Fig. 5 (c) indicates a type of «Axle. Axle No. 5-D. 

surface still under investigation and 

later commented upon in the discussion. shows a typical photograph of this sur 
The full-size axles were shipped to our face indicating the presence of sligh! 

laboratory in the finish turned condi- pitting, and this is a condition whic 

tion and when received presented a may be found present to a more or les 
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degree on axles operating in service. 
Other portions of the axle such as the 
wheel seat, which was the principal 
section being investigated, was machined 
after the axles were received, but these 
results are not reported in this paper. 
RESULTS OF TESTS 
A total of 31 full-size axles were 
tested of which 8 developed fatigue fail- 
ures in the body. Figure 1 shows the 
location of these failures and Fig. 4 
a typical fatigue failure in the body of 
the axle, while Table II lists the calcu- 
‘TABLE IIL.—DATA ON 114-IN. DIAMETER 
SPECIMENS. 
Calculated 
Bending Stress 


at Fracture, 


Specimen psi. Results of Test 


No. 26D5-11 37 100 Broke off up fillet 2 deg. 
No. 26D5- 8 34 900 Broke off in tapered section 
No. 26B5- 3 32 000 Not cracked 

No. 26D5- 9 31 900 Broke off in tapered section 
No. 26D5- 5 30 100 Broke off in tapered section 
No. 26D5- 7 30 000 Not cracked 

No. 26D5- 4 29 700 Broke off at base of fillet 
No. 26D5- 2 ... 29 200 Broke off in tapered section 
No. 26B5- 2 27 000 Not cracked 

No. 26D5-10 25 000 Not cracked 

No. 26B5- 1 24 100 Not cracked 

No. 26B5- 4 23 800 Not cracked 


Nore.—When failure occurred in fillet, stress is calcu- 
lated for actual diameter at base of fillet. When failure 
occurred in tapered section stress is given for actual diam- 
eter at failure. When no failure occurred, stress is given 
for 1!4- in. diameter critical section. 


lated bending stress at the plane of 
fracture. The S-N curve is shown in 
Fig. 7 and indicates an endurance limit 
of 17,500 psi. Round solid points in 
Fig. 7 representing failed axles show the 
calculated stress at the fracture, this 
stress being less than the maximum stress 
in the body of the axle because none of 
the failures occurred exactly at the cross- 
section of maximum stress. Both hol- 
low round and square points represent- 
ing axles which did not fail show the 
maximum stress in the body of the 
axle in accordance with the curve of 
bending stress distribution along the 
length of the axle indicated in Fig. 1. 
Axles which were surface-rolled in the 
body are indicated by square points on 
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the S-N curve. None of these axles 
showed fatigue failure. Due to an 
insufficient number of tests a determina- 
tion of the endurance limit was not 
possible. 


1}-in. Tests: 


The S-N curve showing the results of 
tests made on 12 of the 1}-in. diameter 
specimens is given in Fig. 8 from tabu- 
lated data in Table III. This curve 
indicates an endurance limit strength of 
28,000 psi. for the smooth-turned speci- 
men which is about 60 per cent higher 
than that obtained for the body of the 
full-size axles in Fig. 7. The points 
representing broken specimens show the 
calculated bending stress at the fracture, 
while points representing not broken 
specimens show the maximum stress 
which occurs at the 1}-in. diameter 
cross-section. 


0.3-in. Tests: 


Results of these tests are plotted in 
the S-N curve of Fig. 9 and an endurance 
limit of 33,000 psi. was selected for the 
outer specimens. 


DISCUSSION OF TEST RESULTS 
Full-Size Axles: 


One is impressed by the great scatter 
in test results plotted in Fig. 7. While 
a safe endurance limit of 17,500 psi. 
is established, there is no definite satis- 
faction that further tests may not show 
greater scatter. It would appear as 
though 25,000 psi. could be considered 
as a possible maximum endurance limit 
as established by the large number of 
axles which did not fail at about this 
stress or below. The question naturally 
arises as to the reason for such a low 
fatigue strength and resultant scatter. 
No definite conclusions are believed 
justified at this time but several indi- 
vidual factors or combinations thereof 
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Fic. 6.—Rusted Surface of Body of Full-Size Axle No. 11-B-2 Showing Pitted Condition (X 8). — 
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ic. 8.--S-N Curve for 1}-in. Diameter Plain Specimens —Smooth Turned Surface. 
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which may have some influence are con- as routine examination and _ results 
ditions of (1) grain size, (2) forging, typical of a large number of studies 
(3) surface, and (4) testing temperature, reflect the expectations shown in Fig. 
which will be discussed in this order. 10 where the pearlite grains are enclosed 


Sample taken % in. from body fracture b) Axle No. 2-C. Sample taken at corner of outside 
diameter and body fracture. McQuaid-Ehn grain size 4 


(c) Axle No. 11-B-2. Sample taken at corner of outside 


diameter and body fracture. 
Fic. 10. -Photomicrographic Studies of Longitudinal Sections of Full-Size Axles (X 100). 


One may reasonably expect consid- in defined envelopes of ferrite. A wide 
erable variation in grain size throughout variation in structural conditions is 
any one axle as a result of no heat shown between Fig. 10 (a) and (6) 
treatment after forging. Photomicro- as it exists in the same axle and that 
graphs are made from each axle tested fatigue failure developed through a 
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section in Fig. 10 (6) where grain coarse- 
ness exists. Cazaud® showed for a mild 
carbon steel that the endurance limit 
could be decreased by a value up to 
about 20 per cent by somewhat similar 
structural variations. Dorey® also re- 
ported on service fractures of marine 
equipment showing unfavorable struc- 
tural conditions existing in the region 


region of the most coarse structure as is 
evidenced in Fig. 10 (c). The plane of 
fracture would be determined by a com- 
bination of the least favorable structural 
condition existing in relation to its 
position along the length of axle and the 
variable bending stress shown in Fig. 1, 

Forging operations under some condi- 
tions may produce directional properties 


Fic. 11. Photomacrograph of Axle No. 10-C-1 Taken at Plane of Maximum Body Stress (X 3). 


Etched in 50 per cent hydrochloric acid for 45 min. (Two diametrically opposite short lines are artificial marks used 


for identification purposes.) 


of failure, but he did not state what 
decreased strength is obtained by such 
unfavorable structural conditions. In 
these axle tests, however, all eight 
failed axles did not fracture through a 

5 R. Cazaud and L. Persoz, ‘‘La Fatigue des Métaux,”’ 
Dunod, Paris (1937). 

6S. F. Dorey, “Marine Machinery Defects—Their 


Causes and_ Prevention,” Transactions, Inst. Marine 
Engrs., Vol. XLVII, Part 12, pp. 1-79 (1935). 


of the grains or unfavorable structural 
characteristics. Aitchison and Johnson’ 
investigated directional properties of 
vatious steel forgings and found that 
there is not such a large difference be- 
tween the fatigue strength of the steel 

7 L. Aitchison and L. W. Johnson, “The Effect of Grain 


upon the Fatigue Strength of Steels,’’ Journal, Iron 
Steel Inst. (British), Vol. CXI, No. 1, pp, 351-378 (1925). 


direc 
and 
Inve 
have 
exist 
indi 
aide 
dete 
surf 
mac 
pres 
Fig. 
evel 
tion 
whi 
stre 
luti 
was 
on 
app 
Wol 
axle 
Fig 
whe 


as de 
para! 
mum 
per ¢ 
of th 
by | 
and 
of la 
foun 
acro! 
2 para 
inve: 
= wh 
enc 
whi 
‘ sur 
wol 
cau 
Test 
shov 
forg’ 
t 


as determined from specimens selected 
parallel and across the grain; the maxi- 
mum difference found was less than 20 
percent. Also, The Research Institute 
of the Vereinigte Stahlwerks, as reported 
by Dorey,® selected specimens parallel 
and across the grain from crank sections 
of large marine engine crankshafts and 
found the fatigue strength of specimens 
across the grain 25 per cent less than 
parallel with the grain. Results of these 
investigations showed that the tensile 
and yield strength is little affected by 
directional properties but that ductility 
and impact strength are much reduced. 
Investigations made on these test axles 
have not been concluded as to the 
existence of directional characteristics as 
indicated by such mechanical properties 
aided by sulfur prints and etching to 
detect outcropping of flow lines to the 
surface of the forging. Some transverse 
macro etch studies have disclosed the 
presence of an ingot pattern shown in 
Fig. 11. It is important to note, how- 
ever, that Fig. 11 represents a condi- 
tion at a section of the center of the axle 
which did not cause failure at a bending 
stress of 21,200 psi. for 53,250,000 revo- 
lutions. Presence of this characteristic 
was the exception and was found only 
on several axles that failed and not 
apparent on all of the failed axles. It 
would be interesting to test a group of 
axles having an ingot pattern similar to 
Fig. 11 with the object of determining 
whether fatigue fracture originated at 
the corner of the pattern and also 
whether the endurance limit was influ- 
enced by such conditions. 

It would appear very questionable 
whether sufficient variation in the turned 
surface finish as shown in Fig. 5 (a) 
would exist from one axle to another to 
cause this scatter. Several investi- 

*Unpublished data by T. D. Sedwick, Engineer of 
ests, Chicago, Rock Island & Pacific Railway Co., has 


sewn that fatigue failure occurs in railroad axles and 
orgings where flow lines come to the surface. 
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gators’: !°.11 have shown that for speci- 
mens up to about 1 in. in diameter, the 
turned finish shows as much as 20 per 
cent decreased endurance limit over 
that obtained for a polished surface. 

Previous rusted surface condition of 
the bodies of the axles as shown in Fig. 6 
may be considered as a basis of explain- 
ing the reduced fatigue strength and 
scatter. McAdam and Clyne” made 
fatigue tests on specimens which had 
been previously submitted to stressless 
corrosion; they found that the initial 
corrosion pits formed equivalent me- 
chanical notches serving to reduce the 
endurance limit below that of a smooth 
surface by a value dependent upon the 
severity or number of days of stressless 
corrosion treatment. Using steel hav- 
ing a tensile strength of 100,000 psi., 
they found a maximum reduction of 
35 per cent in the endurance limit. 
Unless the failed axles included in the 
region of scatter in the S-N curve of 
Fig. 7 were subject to a condition of 
stressless corrosion to a greater degree 
than similar unfailed axles it would 
appear as though this explanation would 
not be logical. 

In the process of fatigue testing of 
plain specimens 1 and 2 in. in diameter, 
it has been found.“ that above the 
endurance limit sufficient heat was de- 
veloped in the specimen to temper color 
it. At the endurance limit, however, 


9H. F. Moore and {: B. Kommers, “An Investigation * 
of the Fatigue of Metals,’’ Bulletin No. 124, University of 
Illinois (1921). 

10 W.N. Thomas, ‘“‘The Effect of Scratches and Various 
Workshop Finishes upon the Fatigue Strength of Metals,” 
Engineering, October 12 and 19, 1923; Reports and Memoirs 
No. 860, British Aeronautical Research Committee, Vol. 2, 
p. 542 (1923-1924); Revue de Metallurgie, Extraits, p. 210 
(1924). 

11 R. Faulhaber, Zeitschrift des Vereines Deutscher 
Ingenieure, Band 78, No. 11. 

127). McAdam, Jr., and R. W. Clyne, “Influence of 
Chemically and Mechanically Formed Notches on Fatigue 
of Metals,”’ Journal of Research, Nat. Bureau Standards, 
Vol. 13, October, 1934 (Research Paper 725). 

13 R. E. Peterson, ‘“‘Fatigue Tests of Large Specimens,”’ 
Proceedings, Am. Soc. Testing Mats., Vol. 29, Part II, 
p. 371 (1929). 

40. J. Horger, ‘Effect of Surface Rolling on the 
Fatigue Strength of Steel,’’ Transactions, Am. Soc. Me- 
chanical Engrs., Vol. 57, p. 128 (1935). 
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the temperature was not sufficient to 
discolor so that temperature was not 
considered as a factor in determining the 
endurance limit. As the size of the 
specimen increases, the volume of ma- 
terial producing the heat increases as 
the square of the diameter, while the 
radiating surface increases at a slower 
rate proportional to the diameter. 
Therefore with large-diameter axles, such 
as reported on here, there may be some 
question as to heating produced in the 
specimen and its influence on the test 
values. It may be said that no axles 
showed visual evidence of this heat, 
and the hand could be held comfortably 
on any test axle. This absence of heat 
may be explained by the design of the 
_ machine with both water-cooled cham- 
bers and lubricator system as previously 
described. No measurement has been 
made of the actual heat dissipated in 
these tests. 

From the varied discussion above, it is 
apparent that no definite basis for the 
scatter may be safely allocated at this 
time. Six axles were burnished or sur- 
face rolled in an attempt to increase the 
fatigue strength as indicated by the 
square points on the S-N curve of Fig. 7. 
None of these axles failed at bending 
stresses up to 37,500 psi. Rolling ap- 
parently offers a simple method of 
obliterating any detrimental influence 
of the factors of structural, forging, or 
processing conditions and has_ been 
shown to increase the fatigue strength 
without these factors being present," 
but the number of tests made does not 
justify this general conclusion for the 


present. 
¢ 
1}-in. Specimens: 

An endurance limit of 28,000 psi. 
established for this material is a value 
which may normally be expected for this 
diameter and these surface-finish condi- 
tions." The scatter in results is evi- 


dent from Fig. 8 and particularly the 
delayed type of fractures occurring at 
50 and 100 million reversals. The na- 
ture of the smooth-turned surface finish 
in Fig. 5 (6) or the structural conditions 
present in an untreated material may be 
responsible. Micrographs of these test 
axles, not shown here, disclose a finer 
grain structure than for the full-size 
axles as a result of greater working and 
processing conditions. Incomplete tests 
on specimens having a rough turned 
surface, Fig. 5 (c), will show little if 
any decreased endurance limit over the 
smooth turned surface. Such differ- 
ences as exist due to surface finish condi- 
tions may be masked by material condi- 
tions. Further tests are being made on 
both the rough turned specimens and 
some which will be super finished. 


0.3-in. Specimens: 


The endurance limit of 33,000 psi. 
established for this material is consistent 
with expectations and agrees with re- 
sults by Moore" who found an endurance 
limit of 29,000 and 32,000 psi. for 0.3-in. 
specimens machined from full-size car 
axles of untreated steel. No discussion 
of size effect and its influence on the 
endurance limit for the various size 
specimens is given in this paper because 
of the large number of variables which 
preclude its evaluation. 


SUMMARY OF CONCLUSIONS 


Tests given here represent a progress 
report on the study of the fatigue 
strength of the body section of railroad 
car axles. While exceptionally few fa- 
tigue fractures occur in actual railroad 
service in the plain body sections of car 


15 Delayed type of fracture was discussed by H. J. 
French, “Fatigue and the Hardening of Steels,’’ Transac- 


tions, Am. Soc. Steel Treating, October, 1933, but his 
results applied to structural conditions obtained by - 
hardening and quenched-and-tempered treatment of 
material tested. 

16H. F. Moore, S. W. Lyon and N. J. Alleman, “A 
Study of Fatigue Cracks in Car Axles,” Bulletin No. 19, 
University of Illinois (1929). 
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axles, when pressed or clamped-on mem- 
bers are not applied, it is important to 
note from these tests that only 17,500 
psi. is the endurance limit of the full-size 
axle as compared to 33,000 psi. for that 
of the usual 0.3-in. diameter specimens 
machined from the surface of the full- 
size axle. Various explanations are dis- 
cussed as to the probable reasons for 
this large decrease in strength of the 
full-size axle but it is important that 
the designer take cognizance of this re- 
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duction when using an untreated and 
forged material in the machined condi- 
tion discussed here. 
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Mr. R. E. Peterson! (presented in 
written form).—For the purpose of dis- 
cussion, it may be well to list the most 
likely causes of scatter and low endur- 
ance values for the tests reported: 

1. Grain size 

(a) Variation 
(b) Coarseness 
2. Forging effects 
(a) Flow lines 
(b) Residual stress 
3. Surface 
(a) Turned finish 
(b) Corrosion pits 

4. Testing temperature 

In attempting to explain the large 
scatter and low values reported it should 
be recognized at the outset that a combi- 
nation of several effects may be involved 
so that no one effect may be dismissed 
by establishing that it can produce only, 
for example, half of the observed effect. 
Starting with grain size effect it will be 

of interest to report results of fatigue 

tests made some time ago on material 

quite similar to that tested by Messrs. 
: Horger and Neifert. The material was 
0.45 per cent carbon steel in the “as 
rolled” condition. Different bars 
showed different degrees of coarseness. 
The data for polished specimens are 
shown in the accompanying Fig. 1. 
Material A was very coarse, similar to 
that shown in the authors’ Fig. 10 (0); 
material B was fairly coarse, similar to 
Fig. 10 (c). It is interesting to note that 
the difference in coarseness did not 


1 Manager, Mechanics Division, Westinghouse Re- 
search Laboratories, Westinghouse Electric and Manu- 
facturing Co., East Pittsburgh, Pa. 
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ON 


produce a large difference in fatigue 
results; also that the 1 and 2-in. diameter 
specimens gave about the same endur- 
ance limits. It is of further interest 
that the endurance limit of the 6.3-in. 
diameter polished specimens taken from 
an axle as reported by Messrs. Horger 
and Neifert is in agreement with the 
corresponding data of the accompanying 
Fig. 1, while the endurance limit of the 
smooth turned 1.5-in. diameter speci- 


40000 | 
pyorger and Neifert 
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Coarse | 
= 
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Specimen Diameter, in. 


Fic. 1.—Fatigue Test Data Medium Carbon 
Steel (not Heat Treated) Polished Specimens 
Except in One Case as Noted. 


mens from special forgings is lower than 
the corresponding data. In the case of 
the seventeen 0).3-in. diameter specimens 
taken from center to outside of the axle 
it is to be noted that these do not show 
large scatter and in no case is a low 
value obtained. Referring to grain size 
effect, it does not seem likely that 
coarseness or variation of grain siz 
contributes to any considerable degree 
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in explaining the large scatter and low 
values obtained. 

With regard to forging effects, flow 
lines or ghost lines look rather alarming 
after etching but apparently do ‘not 
affect strength greatly. In tests made 
some time ago on medium-carbon steel 
(accompanying Fig. 2) longitudinal 
streaks had practically no effect and 
transverse streaks resulted in a 12 per 
cent decrease in strength. Unless the 
forging effect is a more subtle one than 
is apparent from the evidence at hand, 
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values but in addition would be expected 
to show considerable scatter. 

Heating effects can be dismissed if the 
specimens were not sufficiently warm to 
be uncomfortable to the hand. 

Summarizing, and keeping in mind 
that the net result may involve a com- 
bination of effects, it appears to the 
writer that the factors most likely to 
contribute major effects are corrosion 
pits and residual stress; with minor 
effects most likely due to grain size and 
turned finish. It is apparent from the 


40000 


38000 


36 000 


34000 


Direction of. 
Ghost Lines"in 
Test Specimens 


4 


x= Jransverse 


o=Lengthwise —— 
4=No Ghost Lines 


~ 
= 
= 


32 000 


30000 


500 000 
= 1 000 000 


Cycles for Fracture (N), log scale 


5000000 | 
10 000 000 


ric. 2.—S-N Diagram Showing Directional Difference in Medium Carbon Steel Containing 
“Ghosts.” 


it does not seem to be a probable major 
effect. Another possibility, is that of 
residual stress since no normalizing 
treatment was given. It is not possible 
to estimate accurately such stresses but 
their presence could explain a consid- 
erable portion of the scatter and the low 
values obtained. 

Under surface effects, a turned but 
not polished finish would result in a 
somewhat lower fatigue limit but would 
not be expected to produce great scatter. 
Corrosion pits would also produce lower 


foregoing that a great deal could be 
learned by running a series of tests of 
axles with the body portion polished 
which could be done without interfering 
with regular press fit tests. 

The results presented by the authors 
are directly useful to railway equipment 
designers and represent a valuable addi- 
tion to our technical knowledge. It is 
hoped, however, that for the benefit of 
others who have problems such as 
strength of large rotors, additional tests 
will be made by the authors with a view 
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toward establishing definitely the major 
effects. 

Mr. H. E. Smirn.2—I can say that 
in the practical operation of axles with 
wheels mounted, it has been found that a 
great improvement has been obtained 
with a polished wheel fit as compared 
to the ordinary turning, and the rougher 
the turning the worse the operation. 

Mr. F. N. SPELLER.’—We all know 


2 Materials Engineer, White Plains, N. 
Advisory Engineer, National Tube Co. 
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that corrosion reduces fatigue endur- 
ance, and there is some indication that 
corrosion-fatigue data on small machine 
tests somewhat exaggerate the effect of 
corrosion. Therefore it will be useful 
to repeat some of these tests on full- 
size sections where machines are avail- 
able. I do not mean to minimize the 
effect of corrosion fatigue, but it will 
be useful indeed when we have such tests 
on specimens that are more nearly full 
size. 
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By GILBERT E. Doan! AND MILTON B. VorbDAHL! 


SYNOPSIS 


The present study attempts to determine how narrow an internal crack 
in a metal object can be revealed under the best possible radiographic con- 


ditions. 


Using a bulb of radon so small that it approximates a point source of radia- 
tion, namely, ;s in. in diameter, it was possible to detect cracks 0.001 in. wide 
in blocks of steel 1 in. thick, and cracks 0.002, 0.003, and 0.005 in. wide in 2-in., 
Each crack was } in. deep. Cracks of 


3-in., and 4-in. blocks, respectively. 


FINE FOCUS RADIOGRAPHY—GAMMA RAYS 


this fineness would probably escape detection with sources of the usual di- 


mensions. 


Even narrower cracks than these can be detected if they are 
deeper than } in., or lie in thinner metal sections. 
The distance from source to specimen was brought down as low as 1 in. 


in some cases without sacrificing the detectability of these cracks, and with 


but slight loss in shadow sharpness. 
greatly shortened. 


A recent investigation (1)? of the geom- 
etry of radiography pointed out the 
value of using a source of the smallest 
possible diameter. This investigation 
also prompted the question: ‘What is the 
narrowest crack that can be detected by 
gamma rays?” 

Using a source 0.138 in. in diameter, 
the authors found some indication that 
flaws «'y in. in width would not register 
even with a source-to-specimen distance 
of 26 in. Since many dangerous flaws, 
especially cracks, could exist in a 
structural member 2 in. thick and go 
undetected if «'y in. were the limit of 
sensitivity, it seemed desirable to investi- 
gate further the limits of width sensitiv- 
ity. Furthermore, the development of 
a technique that would extend the limits 


M ' Professor of Metallurgy, and Gotshall Scholar in 
pe tallurey, respectively, Lehigh University, Bethlehem, 


*The boldface numbers in parentheses refer to the 
reports and papers appearing in the list of references 
appended to this paper, see p. 747. 


The necessary exposure time is thus 


of sensitivity beyond those generally 
recognized would apparently be of great 
value. It was for these and related 
purposes that the present work was 
undertaken. 

The only concern with regard to depth 
of flaw was that in all cases it should fall 
well within the reported limits of depth 
sensitivity. Norton and Ziegler (2) 
report a sensitivity of 1.3 per cent in the 
range from 23 to 6 in. of steel. Since 
} in. depth or more was used in all cases 
in the present work, the least percentage 
depth was 6.25, this minimum being in 
the case of } in. deep flaws in 4 in. of 


steel. 
EXPERIMENTAL WORK 


A bulb of radon with an_ initial 
strength of 45.6 millicuries was used as 
a source of gamma rays.. The bulb had 
an inside diameter of about 4', in. and 
was contained in a small brass capsule. 
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During most of the work the bulb was 
removed from the capsule and held in a 
thin-walled glass funnel. Later the 
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Fic. 1.— Diagram of Specimen Showing Slit. 


bulb was replaced in the capsule for the 
purpose of determining what, if any, 
effect the capsule might have on the 
sharpness of shadows. 
= 


Fic. 2. 


The specimens to be radiographed 


were built up from blocks and plates of 
steel of various thicknesses bolted to- 
The edges of 
the plates forming the slits or artificial 
cracks were finely ground so that the slits 


gether as shown in Fig. 1. 


Arrangement of Specimens on Supports. 


DOAN AND VORDAHL 


would be of precise dimensions. The bolt 
holes were drilled large enough to allow 
movement of the plates so that the slit 
width could be varied at will. The width 
of the slit was set by clamping the ground 
edges against a feeler-gage blade of the 
desired thickness and then tightening the 
bolts. Wire supports were designed so 
that a large number of specimens could 
be arranged about the source and so that 
placement, alignment, and removal of 
the specimens were easy. Figure 2 
shows the system used. 

The use of artificial “‘cracks” may be 
open to criticism. But the alternative is 
to use natural cracks which vary in width, 
thickness, and angle so uncontrollably 
that one crack can never be compared 
with any other, nor given a definite rat- 
ing. The present results can be re- 
produced at will and checked by any 
interested person. Artificial cracks pro- 
vide a dependable method for compari- 


sgn of results and thus aid in the ap- 
praisal and refinement of the process. 

The films were held in paper packs 
with three lead screens. A }-in. lead 
plate backing was employed to furnish 
rigidity and to eliminate back-scattering. 
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It The packs were fastened to the backs of _ tivity; that is, the axial plane of the slit 
Ww the specimens by means of rubber bands. was pointed precisely at the incident 
it Eastman duplitized X-ray film was used rays. But the slit was located in the 
h throughout the work, with standard most disadvantageous position, namely 
d procedure for development. at the surface of the specimen facing the 
1€ TABLE I. 
of n = - | | n 77) = 
2 No. 1... No. 21% 12 | 5 10 || No.49..| No. 111 | 1 | 3 5 | 5 
No. 2...| No. 22|% 12 2 6 || No. 50..| No. 112 | 1 | 5 0 to 54 5 
No. 3... No. 23% 12 0+ 2 || No. S1..| No. 113 | 1 | 2 45 (holes) Z 
No. 4... No. 5.5 6 || No. 52..| No. 114 | 1 | 4 45 (holes) 
be No. S.|No. 41% a, ae 4 || No.53..| No.117 | 1 | 5 5 6 
No. 6... No. ..¢ || No. 54..| No. 118 | 1 | 3 10 8 
Is No. 7... No. 36 \% 13 | 1.5 4 || No.55..| No. 9| 2 | 5.3 30 10 
h No. 8... No. 41/4 | 3 10 8 || No. 56..| No. 10) 2 |7 20 8 
’ No. 9.... No. 45 |% 3 1.5 2 || No. 57..| No. 11 | 2 | 8.6 15 7 
sly No.10... No. 54 \% 1 10 1.5 3 || No. 58..| No. 12 | 2 (14.5 8 7 
No. 11...| No. 67 3 1.5 3 || No. 59..| No. 27 | 2 (14.5 3 3 
ed No. 12. No. 69 18 | «1.5 4 || No.60..| No. 29| 2 | 5.3 10 7 
No. 13... No. 74% 3 1.5 5 || No. 61..| No. 33 | 2 | 5.3 3 4 
at- No. 14... No. 75% 18 1.5 5 || No.62..| No. 38| 2 | 5.3 1.5 0 
No. 15... No. 88 |% 3 || No. 63..| No. 39 | 2 |18 1.5 0 
re- No. 16...| No. 93 |14 | 3 0+ 3 || No. 64..| No. 40 | 2 | 3 2 3 
No. 17...| No. 94 | 3 1 4 || No. 65..| No. 43 | 2 | 3 10 6 
ny No. 18... No. 9615 || No. 66..| No. 47 | 2 | 3 10 7 
ro- No. 19 No. 98 % 1° 1 | $3 No. 67..| No. 49 2 (|14.5 | 3 (interior) 4 
. No. 20... No. 100 4% 1° | 0+ 2 || No. 68..| No. 56 | 2 |10 | 1.5 0 
irl- No. 21 No. 115 % $4 3 6 No. 69..| No. 60 2 8 (m=24")° | 0 to 104 5 
No. 22.... No. 116 3 | 10 8 || No. 70..| No. 61 | 2 | 8(m=114")°| 0 to 104 5 
No. 23...| No. 5| 1 3 | 25 12 || No. 71..| No. 62 | 2 | 8 (m=1%")° | 0 to 104 5 
No. 24... No. 6 1 4.3 | 15 10 || No. 72..| No. 63 | 2 | 8 0 to 104 6 
No. 25 No. 7/| 1 6 10 8 || No. 73..| No. 66 2 |10 1.5 (14" deep)| 5 
No. 26 No. 8) 1 11 5 6 | No. 74..| No. 85 2 3 2.5 0 
No. 27.... No. 25 | 1 2 No. 75..| No. 102 | 2 | 1 2 0 
No. 28...| No. 31 | 1 5 5 5 || No. 76..| No. 109 | 2 | 3 0 to 104 5 
No. 29.... No. 34) 1 5 5 7 || No. 77..| No. 110 | 2 | 1.5 0 to 104 3 
No. 30...| No. 37 | 1 §.5 | 1.5 ..© || No. 78..| No. 119 2 |3 10 8 
No. 31 No. 42 1 3 10 8 || No. 79. | No. 120 S$ i323 \45 (holes) 6 
No. 32... No. 1 3 10 || No. 80..| No. 14 3 |8 30 9 
No, 33 No. 55} 1 10 £3 | all No. 81..; No. 15 3 (10.5 20 7 
No. 34 No. 65 1 6 5 | 6 || No 82..| No. 16 3 |18 10 6 
No. 35 No. 68 1 { 3 4.5 3 No. 83..| No. 30 3 x 2. 0 
No. 36... No. 70/1 18 1.5 4 || No. 8..| No. 32| 3 |18 5 4 
No. 37... No. 71/ 1 3 1.5 4 || No. 85..| No. 35 | 3 | 8 5 4 
No. 38... No. 72/1 10 1.5 4 || No. 86..| No. 44 | 3 | 3 10 6 
No. 39... No. 73/1 18 1.5 4 || No. 87..| No. 48 | 3 | 8 | 3 2 
No. 40... No. 86 1 (m=%")° 3 z. 4 No. 88..| No. 50 3 |8 5 (interior) 4 
No. 41 No. 87, 1 (m=14")°| 3 1.5 2 No. 89..| No. 17 4 |\8 50 10 
No. 42... No. 89) 1 4 || No.90..| No. 18 | 4 |9 40 10 
No. 43. No. 90 1 3° | 1.5 4 || No. 91..| No. 19 | 4 25 8 
No. 44... No. 91, 1 3 O0to54| 4 || No.92..| No. 20 | 4 |16 15 6 
No.45. No. 92) 3 1 2 || No. 93..| No. 26| 4 | 8 3 0 
No. 46.... No. 95 | 1 3° Otos? 4 No. 94..| No. 26a 4 |16 3 0 
No. 47... No. 1 1° | otoS? 4 || No.95..| No. Si | 4 | 8 5 
No. 48... No. 101 1 4° 5 5 || No. 96..! No. 4 | 3 10 6 
index See text for explanation. ‘‘0’’ indicates no visible shadow. 
yurce repiaced in brass Capsule. 
A po — vendicular distance from the source to the axial plane of the slot. 
-Shaped slot. 
* Accident in developing. 
Exposure times were derived from radiation (surface farthest from film). 
a » tables ; : 
p- the tables and charts established by A few specimens were arranged with the 
and axial plane of the slit at an angle to the 
g © > oO > S 4 > ) > 
a 50 per cent overexposure. I 6 
" The specimens were arranged to give ays, and in some cases the slit was 
mi 


what promised to be the maximum sensi- 
ring. 
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placed within the specimen. 
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_ RESULTS AND DISCUSSION 


Throughout the paper, “sharpness” 
is taken to mean the abruptness with 
which the shadow grades from maximum 
to 0 density difference. 

In order to facilitate comparison of 
results for those who cannot view the 


Fic. 3. 


films, a “visibility index” was devised 
and included in Table I. The index is 
based on the maximum distance at which 
the shadow image on the film can be 
clearly seen, higher indices indicating 
shadows visible at greater distances. 
Index values of 2 indicate that optimum 
or near optimum distance was neces- 


A 


sary to see the shadow image clearly, 
In using the index, one must keep in 
mind that a high visibility index does not 
necessarily mean great sharpness, be- 
cause a broad, diffuse band appears more 
distinct when viewed from a distance, 
Typical 


prints of radiographs with 


12 


Typical Slit Images and Visibility Indices. 


visibility indices noted are included for 
reference, see Fig. 3. Since detail is 
lost twice in these reproductions—once 

«in photographic printing and once in 
half-tone reproduction—it is not sur 
prising if the indices based on_ the 
films do not agree with these reproduc- 
tions. 
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1. and I-in. Thick Specimens, 4-in. 

Deep Slits: 

With slits 0.001 in. wide in both 3 
and 1-in. specimens and with a source- 
to-specimen distance of 3 in., very sharp 
and clear registry was obtained, the 
shadow appearing as an exceedingly fine 
line on the film (tests Nos. 17, 18, 19, 
and 45). With the ground edges of the 
lin. plates pressed as tightly together 
as possible (“compressed slit’’), visible 
registry was still obtained from }-in. 
specimens, but so faintly that it is doubt- 
ful whether it would have been detected 
on the film if it were anything but a 
straight line (test No. 16). 

Increasing the distance beyond 3 in. 
(using 0.0015-in. slits) resulted in very 
little visible increase in sharpness (tests 
Nos. 7, 9, 10, 11, 12, 13, 14, and 15). 

With slits 0.0015 in. wide and turned 
at an angle to the incident rays, the 
shadows became very diffuse but did not 
disappear (tests Nos. 40 and 41). This 
indicates that registry of even such nar- 
row slits as 0.0015 in. is not entirely 
dependent upon perfect alignment. 

Radon Bulb in Capsule.— Using identi- 
cal specimens and similar arrangements, 
exposures were made both with the bulb 
in the capsule and out. There was 
little distinguishable difference in the 
sharpness of the shadows obtained 
(tests Nos. 15, 18, 19, 20, 42, 43, 46, 
47, and 48). (Note that there is some 
slight indication that with }-in. speci- 
mens, enclosing the bulb in the capsule 
decreased the visibility. Compare test 
No. 15 with No. 13, and No. 18 with No. 
17.) 

Shortening the source-to-specimen 
distance below the 3 in. reported in the 
paragraph above gave clear registry of 
compressed slits in }-in. specimens at 1 
in. distance (test No. 20). The 1-in. 
specimens at 1 in. distance showed clear 
registry of a slit width of 0.001 in. 
(test No. 47). 
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2-in. Thick Specimens, }-in. Deep Slits: 


A slit 0.002 in. wide with a source- 
to-specimen distance of only 3 in. gave 
fairly distinct registry (test No. 64). 
Reducing the distance to 1 in., however, 
prevented registry (test No. 75). Using 
a slit 0.0015 in. wide, no registry was 
obtained at any source-to-specimen dis- 
tances tried (tests Nos. 62, 63, 68, and 
74). However, when the depth of the 
flaw was increased to 3 in., sharp, clear 
registry was obtained (test No. 73). 

Using V-shaped openings with the top 
of the V 0.010 in. wide and the bottom 
tightly closed and using source-to-speci- 
men distances of 13, 3, and 8 in., shad- 
ows were obtained which in each case 
extended to a point corresponding to a 
slit width of about 0.002 in., the only 
effect of the increasing source-to-speci- 
men distance being to increase the 
sharpness (tests Nos. 72, 76, and 77). 
With a similar V-shaped slit but turned 
at an angle to the incident rays, a broad- 
ening similar to that mentioned before 
was noted, with only a slight decrease in 
visibility (tests Nos. 69, 70, and 71). 

There was little increase in sharpness 
when the source-to-specimen distances 
were increased beyond relatively small 
values (tests Nos. 59, 61, 72, 76, and 77), 
This observation, along with the above- 
mentioned fact that a 0.002-in. slit gave 
visible registry at a 3-in. source-to- 
specimen distance (test No. 64), and that 
a 0.0015-in. slit would not show at any 
distance of source-to-specimen, seems to 
indicate that there is no advantage in 
detectability and only slight advantage 
in sharpness in increasing the source-to- 
specimen distances beyond certain low 
limits. (This, however, cannot be as 
definitely stated for 3- and 4-in. speci- 
mens, for an insufficient number were 
radiographed to give conclusive evi- 
dence.) 


ly. 
in 
10t 
be- 
ore 
ce, 
ith 
| 
il is 
once 
e in 
sur- 
the 
duc- 
4 | 


- 


746 


3-in. Specimens and }-in. Deep Slits: 


Slits 0.003 in. wide showed only very 
faintly with a source-to-specimen dis- 
tance of 8 in. (test No. 87). Slits 0.005 
in. wide under the same conditions gave 
clear and fairly sharp shadows (test No. 
85). Increasing the source-to-specimen 
distance to 18 in. caused little increase 
in sharpness (test No. 84). With slits 
0.010 in. wide, a source-to-specimen 
distance of 18 in. gave a very material 
increase in shadow sharpness (test No. 
82) over that obtained with a 3-in. 
source-to-specimen distance (test No. 
86), but no increase in visibility. (Shad- 
ow widths were roughly in. and 
in., respectively.) Locating the slits in 
the interiors of the blocks caused little 
or no difference in shadow sharpness 
(compare tests Nos. 85 and 88). 


4-in. Specimens and }-in. Deep Slits: 


Slits 0.003 in. wide produced no shad- 
ow at any source-to-specimen distance 
tried (tests Nos. 93 and 94). Un- 
mistakable registry was obtained with 
slits 0.005 in. wide and a source-to- 
specimen distance of 8 in. (test No. 95). 
Comparisons of shadows obtained with 
source-to-specimen distances of 3, 8, 
12, and 16 in. show greatly increased 
sharpness from 3 to 8 in., but relatively 
little increase beyond 8 in. (tests Nos. 
96, 95,91, and 92). These comparisons, 
however, are not quantitative because 
the slits were of varying widths and 
comparisons become largely a matter of 
opinion. 


Non-Linear Flaws: 


In order to investigate the shadow 
sharpness obtainable with non-linear 
flaws, patterns of holes 0.045 in. in 
diameter were drilled in a }-in. plate and 
the plate placed on the source side of 
blocks ? in. and 13 in. thick and at 
varying source-to-specimen distances. 
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With the 3-in. blocks, sharp shadows of 
the pattern were obtained with source- 
to-specimen distances of 2 in. (test No. 
51) and with the 132-in. blocks a source- 
to-specimen distance of 3 in. gave clear 
and fairly sharp shadows (test No. 79), 
Facilities were not available for drilling 
smaller holes. 

A number of crack and hole systems 
of various shapes, and several welds were 
radiographed under varying conditions 
in order to check further the indications 
obtained. 


SUMMARY 


Using a bulb of radon ,’, in. in diam- 
eter, it was possible to detect cracks 
0.001 in. wide in blocks of steel 1 in. 
thick, and cracks 0.002, 0.003, and 0.005 
in. wide in 2-, 3-, and 4-in. blocks, re- 
spectively. Each crack was } in. deep. 
Cracks of this fineness would probably 
escape detection with sources of the 
usual dimensions. Even narrower cracks 
than these can be detected if they are 
deeper than } in., or lie in thinner metal 
sections. 

In “fine-focus radiography” that is 
with a source of very small diameter, 
very short source-to-specimen distances 
can be used without loss of detectability 
and with but little loss in sharpness. 

Considering necessary exposure time, 
desired shadow sharpness, and _ flaw 
detectability, the authors make the fol- 
lowing recommendations for ;'¢-in. 
source: 


Source-to- 
Specimen Exposure Time 
Distance, (50-millicurie 
Metal Thickness, in. in. source)® 
2 4.5 min 
3 18° min 
4 90 min 
6 7.5 hr 
4 8 34 


« % These times can be reduced 30 per cent by using 4 
special developing technique (3). 


Although the authors obtained near 


maximum sensitivity using lower values, 
the above are given as minima to be used 


( 
= 


(1) 


with 
detec 
Ackn 
Th 
used 
(2) J 


with certainty of detecting everything 
detectable. 
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DISCUSSION 


Mr. ALEXANDER Gosus.'—The work 
reported here by Messrs. Doan and Vor- 
dahl is very interesting and worth while, 
particularly in view of one specification 
that I know of, issued by the Navy which 
limits the use of radium in radiography of 
cylinders, at not less than 12 in. from 
source to film, despite the fact that the 
Navy standards show some fourteen 
radiographs which were taken at lesser 
distances, some of these as low as 4} in. 

We have made some single films, one of 
them 52 in. long, taken with radium in 
the center of a 14-in. pipe and a 12-in. 
pipe with about 1-in. walls where the 
radium used was 100 mg. I think those 
who examine these films will be satisfied 
with the showing of the penetrometer as 
well as several cracks and defects. In 
view of all this the Radium Chemical Co. 
should make an effort to provide the 
industry with much smaller focal spots 
than are now available, and incidentally 
change the duralumin container from its 


1 Metallographist, Lucius Pitkin, Inc., New York City. 


oval egg shaped affair, which was orig. 
inally designed to be held in a funnel, 
to a round ball that can be held in almost 
anything encountered in the field. 

I might mention that in field work on 
pipe lines, we have developed the use of 
film that is cut to the desired size in the 
field; in other words, we buy film 5 in. 
wide by 50 ft. long and cut that to 
18, 20, 40, or 50 in. or whatever the 
diameter of the pipe requires, so that 
we can use a single strip of film instead 
of a lot of small pieces. The latter may 
not always overlap enough and even if 
they do are a nuisance in interpretation. 

Mr. E. Doan? (author’s clo- 
sure by letter).In reply to Mr. Gobus, 
I believe the time is not far distant 
when radium will be available in very 
small spheres. The X-ray people like- 
wise are, I understand, attempting to 
develop tubes with much smaller focal 
spots in order to gain the advantages 
pointed out by these experiments. 


2 Professor of Metallurgy, Lehigh University, Bethle 
hem, Pa. 
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CORRELATION OF SOME MECHANICAL TESTS OF ALUMINUM ALLOYS 


WITH X-RAY TESTS 


By Tom A. TrIpLett! AND W. LAVERN HOWLAND? 


_ 


SYNOPSIS 


Due to the increasing use of radiographic testing, a study was made in 


Probably the two most necessary de- 
velopments in materials testing in the 
near future are: first, a rational correla- 
tion between special nondestructive tests 
and regular mechanical tests which 
would enable the engineer to evaluate 
more exactly the results of the former; 
and second, further development of 
nondestructive tests. At the present 
time, the primary nondestructive tests 
are magnetic analysis, magnaflux, elec- 
trical, X-ray diffraction, radiography, 
and visual examination of the outer 
surfaces. The present paper will con- 
sider only radiography, since it is the 
most important nondestructive test, 
for the examination of airplane parts. 
Magnetic analysis is limited in its appli- 
cation to a few aircraft parts only, and 
X-ray diffraction methods are in need 
of much further development before 
they can be classed as widely useful 
nondestructive tests. 


' ‘X-ray Metallurgist, and President, Triplett & Barton, 
Burbank, Calif. 
tle fitistant Director of Research, Guggenheim Aeronau- 
ratory, California Institute of Technology, Pasa- 
» Cali 


order to evaluate certain X-ray observations with mechanical tests. 
forged and cast material were studied in order to find the difference in 
mechanical properties with what was called radiographic quality. 
scales of quality were set up and mechanical tests were made after class- 
ifying the quality of a particular specimen. 
and the results show that correlation is obtained between X-ray tests and © 
mechanical tests for both a forged and a cast material. 


Both 
Arbitrary 


Curves were then plotted 


Since two papers have recently been 
presented on radiographic technique 
and data,’ the present paper is limited 
to a meager discussion of this subject. 
Roughly, a radiograph is the portrayal 
of density variations in a material by 
means of differential absorption of X- 
rays. For example, the film is darkened 
to a greater degree in those regions where 
the specimen is less dense as a. result of 
blowholes, shrinkage cavities, inter- 
dendritic porosity, and other conditions. 
Needless to say, proper equipment and 
films and highly skilled technicians are 
required to obtain satisfactory results 
by radiographic methods. 


Tests on Forged Billets of 14S-T: 


The authors have made various me- 
chanical tests on 14S-T similar to those 
described by Mechling and Jack in their 
paper, ‘Some Mechanical Tests on 


A. Triplett, ‘“X-ray Inspection of Materials,” 
Arrow Digest, Vol. 33, No. 1, July, 1938. 

T. A. Triplett, ‘X-rays and Gamma Rays, Their 
Industrial Applications,” Journal, Soc. Automotive 
Engrs., Vol. 40, No. 3, March, 1937. 
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Aluminum Alloys 14S-T and 24S-T,’” 
with the additional variables that the 
material was from 32 different billets 
of varying thickness (3 to 5 in.) and was 
obtained partly from Douglas, Lock- 
heed and Consolidated aircraft com- 
panies, who purchased the material 
from a large reliable source over an 18- 
month period. Tests were made on 
both hand-forged and die-forged ma- 


terial and the composition was sub- 
stantially as follows: 


(a) Showing structure with waviness. 


4.45 
0.41 
0.80 
Magnesium, per cent................ 0.38 
Manganese, per cent.............. 0.76 
Aluminum balance 


The above analysis was taken from 
certified reports given by the source 


4 See p. 769. 


TRIPLETT AND HOWLAND © 


of supply. This investigation was 
prompted by the fact that different 
billets—and even different parts of the 
same billet—were characterized by dif. 
ferent types of radiographs. Figure 1 
illustrates the difference which can be 
observed in radiographs of these wrought 
alloys. The cause of the wavy appear- 
ance in Fig. 1 (a) is not definitely 
known at the present time. It was 


Showing structure without waviness (good quality). 
Fic. 1.—Radiograph of 14S-T Forged Bar. 


first believed that this waviness might 
be due to the segregation of undissolved 
constituents. However, —photomicro- 
graphs of the material failed to substan- 
tiate this interpretation. It was then 
believed to be the effect of crystal oti- 
entation, but microstudies did not sup- 
port this assumption. Recent investi 
gation tends to show that the waviness 
may be due to a diffraction of the 
X-rays. In spite of the fact that the 
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On MECHANICAL AND X-RAY TESTS OF ALUMINUM 


cause of this wavy appearance is not 
definitely known, it has been definitely 
established that the material which pro- 
duced a wavy appearance in the radio- 
graph gave a different diffraction pat- 
tern than that which did not. The 
intensity and pattern of the spots for 


assumed for the present discussion that 
it is an indication of inferior material. 
An arbitrary scale of quality has been 
set up based on the assumption that the 
greater the contrast and waviness, the 
poorer the quality. Figure 2 shows 
radiographs made from specimens hav- 


(b) Poor structure (arbitrary scale quality No. 1). 


Fic. 2. 


the material which produced waviness 
was much greater and larger than that 
produced by the other material under 
similar conditions. This result sug- 
gests the fact that the difference in 
radiographic appearance may be due to 
grain size. In any event, it has been 


Radiographs of 14S-T Forged Bars. 


ing quality values of No. 3 and No. 1. 
A No. 2 quality would lie between these 
two in contrast and amount of wavi- 
ness, but has been omitted due to the 
difficulty of reproducing radiographs. 
The condition which produces the 
wavy appearance in Fig. 1 (a) affects 


2 
7as 
nt 
‘he 
if- 
be 
zh 
t 
ar- 
‘ly 
> 
| 
hen 


752 


the physical properties of the material. 
For example, the fracture of material 
such as that shown in Fig..1 (a) has a 
fibrous structure as shown in Fig. 4; 
whereas, the fracture of good material, 
such as shown in Fig. 1 (6), has a homo- 
geneous, velvety appearance such as 


Fic. 3. 


that shown in Fig. 5 (a). Figure 5 (0) 
shows that of the intermediate structure. 
The relation between radiographic qual- 
ity and type of fracture is shown in 
Fig. 3. These radiographs were made 
from specimen having the same shape as 
those illustrated in Fig. 4 with the 
X-ray beam normal to the plane of the 


TRIPLETT AND HOWLAND 


Radiographs of Fractured 14S-T Bars. 


fracture. Figure 3 (6) shows that 4 
radiographic quality No. 1 is associated 
with a fibrous fracture. Figure 3 (a) 
shows that radiographic quality No. 2 
is associated with a less fibrous fracture. 

The results of mechanical tests on 
many hand-forged billets of 14S-T 


(some “good” with radiographic rating 
No. 3; some “fair” with radiographic 
rating No. 2; and some “bad” with 
radiographic rating No. 1) are plotted 
in Fig. 6. The 24S-T shown had a vat 
ation in grain size which was found by 
radiographic inspection. Each 
is the average of 5 or more tests. 
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dimensions of the pieces have been indi- Tests on Wrought Billets of 14S-T: _ 
cated previously and the descriptions The results shown in Fig. 6 clearly 
of the tests are given in the paper by indicate a correlation of radiographic 


Fic. 7.—Methods of Testing Corners of Castings Under Bending and Shear. 
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properties of materials rated as “good” 
and “bad” by radiographic examination. 
However, the energy absorption, reduc- 
tion of area, and percentage elongation 
in dynamic tests vary markedly in 
radiographic quality. For example, the 
tensile strength of 14S-T varied only 
7 per cent and the yield point only 18 
per cent between material judged 
“good” and “bad” from radiographic 
examination, but the energy absorbed 
in tension impact varied by 50 per cent 
when tested with the grain and by 75 
to 90 per cent when tested across the 
grain. The static elongation values for 
good and bad material, which are not 
given in Fig. 6, varied by about 30 to 
40 per cent. This is the only static 
property which approaches the amount 
of variation found 


in the dynamic 
properties. 


Radiographs of Bracket Castings. 


This is a very interesting result, for 
it indicated that X-ray testing is sensi- 
tive to certain variations in the condi- 
tions or properties of materials which 
are not easily discovered or noticed in 
ordinary static tension testing. The 
reason that static tension testing is not 
sensitive to some of the variations in ma- 
terials, which are indicated by radio- 
graphic inspection, is that such a test is 
insensitive to such things as_ small 
holes or inclusions well distributed. 
As a proof of this, K. Matthaes® found 
that, “under tensile stress, steel of 
round or solid sections always discloses 
an increase in strength (on the net area), 
especially if the influence of the notch 
or hole is confined to the outer zone of 
the piece; light alloys incur no loss of 


5K. Matthaes, “The Influence of Notches Under —07 


Static Stress,’ ” Technical Memorandum No. 862, Nat. 


visory Committee for Aeronautics (1938). 
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a he 
ing a 
the f 


Coppi 
Iron, 

Silico: 
Zinc, 

Magn 
Mang 
Other 
Alum 


Thes 
reco 
of 
were 
the net cross-sectional area by 10 per examination to show up a decrease 10 at t 
cent, then the static strength (load cross-sectional area of 10 per cent of the heed 
carried) will not decrease at all if the thickness, and even as small a decreas 


Fic. 11.— Method ot Testing Web of sracket; Shows Ty pe of Fracture 


Pr 
A, 
: = = 


= 28 


se in 
f the 
reast 


On MECHANICAL AND X-RAY TESTS OF ALUMINUM 759 


as 1 or 2 per cent or less can usually be 
detected. The fact that the fatigue 
strength is greatly reduced with notches, 
or what are sometimes called ‘“‘stress- 
raisers,” is well known; but the effect 
of “stress-raisers”’ on static tests is not 
well known. Considerably more work 
like that of Matthaes needs to be done 
before the effect of “‘stress-raisers’’ on 
static tests will be completely under- 
stood. 


TESTS ON CASTINGS 


A comparison between radiographic 
testing, static tension testing, and im- 
pact tension testing was carried out with 


source of the material and foundry pro- 
cedure was that of a large reliable 
concern. The mechanical test used 
for this investigation was a combination 
of bending plus shear, as indicated in 
Fig. 7. From the loads required to 
break these castings, the shear strength 
was calculated in the following manner: 
the load at failure was divided by the 
cross-sectional area at the point of sup- 
port, thus giving an average shear stress. 
This method of calculating the strength 
was used because the thickness of the | 
castings varied enough so that some 

method was necessary in order to take 

this effect into account. Since the tests — 
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a heat-treated aluminum-copper cast- 
ing alloy (195-T4) with approximately 
the following chemical analysis: 


Coppa, per 4.45 
Iron, percent................... 0.66 
Zinc, maximum, per cemt........- 0.03 
Magnesium, maximum, per cent... 0.03 
Manganese, maximum, per cent. . . 0.03 


These again were taken from certified test 
records as furnished by a large producer 
of this material. The samples for test 
were sand-cast hinge brackets selected 
at random from several routine Lock- 
heed Aircraft production orders. The 


Correlation Between Static Tests of Bracket Castings and X-ray Tests. 
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were conducted in order to determine 
the relative strength of the parts and not 
the absolute strength, this method is 
satisfactory. The results obtained from 
these calculations are plotted in Fig. 8. 
The arbitrary scale of quality used in 
Fig. 8 is not the same scale as that em- 
ployed for wrought material. For cast- 
ings, the arbitrary values of radio- 
graphic quality from 1 to 4 are shown 
in Fig. 15 (a) and (6), Fig. 15 (a) being 
that of radiographic quality No. 4 and 
(6) being that of Nos. 2} and 3. Figure 
16 shows radiographic quality No. 1. 
The approximately linear relation 
between static tests and X-ray quality 
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shown in Fig. 8 is encouraging in spite 
of the above mentioned insensitivity of 


static tests. 


Obviously the X-ray test- 
ing was conducted first, and all corners 
were rated before any static tests were 
made. It might be mentioned that cor- 
relation as good as that indicated in 


TRIPLETT AND HOWLAND 


casting, or showing less shrinkage poros- 
ity. Figure 9 (c) shows some blow. 
holes in addition to the general porosity. 
Upon failure, the poorest corner in 
Fig. 9 (c) revealed the fracture shown 
in Fig. 10, the dark spots seen in this 
photograph being places where the frac- 
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Fic. 17.—Correlation of Static and Dynamic Tension Tests with X-ray Tests. 


8 
7 
+ ° Dynamic Tests 
® 6 ‘x Static Tests ae 
+ 
Qa 
c 4 
2 = 
2 
| 
0 > 
0 | 2 3 4 .& 


Arbitrary Scale of Quality from X-ray 


Fig. 10 can probably be obtained only 


on materials like the present castings, 


which have their imperfections more or 
less uniformly distributed. In this par- 
ticular case, shrinkage porosity is fairly 
uniformly distributed, as shown in Fig. 
9 (a) and (6) 


Fig. 9 (a) being a better 


Fic. 18,—Correlation of Elongation Under Static and Dynamic Tension Tests with X-ray Tests 


ture went through blowholes. The dari 
cluster near the center is the edge of tht 
large blowhole shown in Fig. 9 (c). 
Other brackets of the same kind wet 
tested in a manner simulating the cont: 
tions which would be encountered © 
service as shown in Fig. 11. From th 
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loads required to break the castings, the 
modulus of rupture was calculated as 
follows: for each piece the thickness and 
the height of the section at the point 
of fracture was measured; from these 
measurements the moment of inertia 
of the section at the point of fracture 
was calculated. Then by using the 
well-known equation 
Stress ¢ = my 

I 
the modulus of rupture was obtained. 
M equals the load multiplied by the 
perpendicular distance to the point of 
fracture, and y and J are obtained by 
the above-mentioned measurements. 
The arbitrary scale of quality as shown 
in Fig. 12 is the same as that used in 
Fig. 8. Again, a linear relation is re- 
vealed between static bending tests of 
the bracket web and X-ray tests. It 
should be noticed that the variation in 
static strength is about 16 per cent. 
Figures 13 and 14 are samples of good 
and bad castings, respectively. 

In order to carry this correlation of 
X-ray with mechanical tests on castings 
further, test bars of 195-T4 alloysobtained 
from the same source of supply as the 
bracket castings were radiographed and 
tested in both static and dynamic ten- 
sion tests. Before testing, the bars 
were machined to conform to dimen- 
sions given in Mechling and Jack’s 
paper for tension impact specimen. 
Both the static and the dynamic tests 
were made on the same type of speci- 
men, in order to reduce the number of 
variables. The radiographs of sample 
bars are given in Figs. 15 and 20. The 


results are plotted in Figs. 17 and 18. 
The radiographic quality is the same 
for these bars as used for the other 
castings. 

In these figures, it is seen very dis- 
tinctly that the tensile strength, im- 
pact energy, elongation in static tests, 
and elongation in dynamic tests are 
linear functions of radiographic quality 
on the arbitrary scale which was selected 
before the mechanical tests were made. 
However, the change in tensile strength 
is much smaller than that of the tension 
impact energy for a given change in 
radiographic quality. The ultimate 
strength varied by only a factor of 2, 
whereas the energy varied by a factor 
of 10. This is in agreement with what 
one would expect from the results of 
Matthaes mentioned above. It is very 
interesting that the correlation between 
static and dynamic elongation with 
X-ray quality is so close. 

From these results, it would appear 
that good correlation should be obtained 
between X-ray tests and fatigue tests, 
for this is also a dynamic test. This 
point has not as yet been completely 
investigated, but results to date indi- 
cate that the above contention will be 
substantiated. 


Conclusions: 


These results show that correlation 
has been obtained between the non- 
destructive X-ray tests and destructive 
mechanical tests. Material judged 
“good” or “poor” from radiographic tests, 
when compared by dynamic tests show 
a greater difference than when compared 
by static tests. 7 
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Mr. J. M. Lesseis! (presented in 
written form).—This paper is of consid- 
erable interest in regard to the type of 
fractures which are obtained and corre- 
lated with radiographic records. The 
fact that some correlation between the 
wavy appearance in the photographs 
appearing in the paper and the fibrous 
type of fracture seems to be of consid- 
erable importance. Probably the term 
“fibrous” is badly chosen, because from 
the usual terminology ‘“‘fibrous” is asso- 
ciated with good characteristics, namely, 
toughness or ductility, such as in 
wrought iron. Here fibrous means less 
than this and the term ‘“‘woody fracture”’ 
might be better. 

We recently were discussing “sliding 
failures” and “separation failures,” and 
possibly the work of the authors on 
aluminum alloys can be_ interpreted 
to show a manifestation of these effects. 
It would be of interest to know whether 
a close examination of the two types 
of failures show any difference in 
the path of the fracture through the 
material. Although the tension impact 
test may be a promising one, it might 
be better if the authors retain the better- 
understood tests as a basis for their 
comparison. 

It is to be hoped that the authors will 
continue this line of investigation, the 
importance of which seems to be very 
great indeed. 

Mr. E. H. Dix, Jr.2—This paper, 
presenting valuable information on a 


1 Associate Professor of Mechanical Engineering, 
Massachusetts Institute of Technology, Cambridge, Mass. 
2 Chief Metallurgist, Aluminum Research Laborato- 
en, Aluminum Company of America, New Kensington, 
a. 


DISCUSSION 


method of testing aircraft materials, 
should be of great interest, for anything 
that can be done to improve the uni- 
formity of aircraft materials or, for that 
matter, any engineering material, is of 
importance. Radiographic examination 
in the development of improved foundry 
methods for making high-quality alumi- 
num castings is old. It has been proven 
a valuable research and development 
tool. This paper attempts to carry the 
use of this method a step further and it 
is necessary to examine the data criti- 
cally to determine whether or not this 
next step is ready for industry. How- 
ever, my discussion will deal not so 
much with the radiographic data pre- 
sented but, rather, with the engineering 
implications which may be drawn from 
these data and the method of presenta- 
tion. 

I hope to clarify my discussion by 
differentiating clearly between the three 
subjects discussed in the paper: first, 
the significance of the wavy appearance 
shown in the radiographs of some 145-T 
forgings; second, data presented in 
connection with another wrought alloy— 
24S-T; and, third, radiographic examina- 
tion and mechanical tests of castings. 

In the case of the 14S-T forgings, the 
authors clearly state the number of 
different billets which have been used in 
arriving at their conclusions. Howeve!, 
where a correlation is attempted, it is 
always helpful to know how many items 
fall in the different classifications givel. 
For instance, these 32 forgings of 145-1 
have been rated by means of radio 
graphic examination and, on the bass e 
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of presence or absence of wavy structure, 
classified as good, fair, and bad. For 
the reader to form an appraisal of the 
dependability of the correlation between 
radiographic examination and mechan- 
ical properties it would be helpful to 
know how many of these 32 forgings fell 
into each of the three classes. Likewise, 
since the thickness of the forgings varied 
from } in. to 4 or 5 in., it would be of 
interest to know what percentage of the 
material of the different thicknesses fell 
into the three groups. 

From an engineering standpoint, in 
Fig. 6 of the paper, the static properties 
are above the ANC specification except 
the elongation across grain. The ANC 
specification refers to material up to 4 
in. in thickness or diameter, but does not 
go into detail as to how the test should 
be made. However, the following quo- 
tation from the Federal Specification for 
Aluminum—Alloy; Forgings, Heat- 
treated, QQ-A-367, is pertinent: 

F-2a.—When practicable, test specimens shall 
be taken from a full-size prolongation 
of the forging in such a manner that 
the axis of the test specimen is parallel 


to the direction of maximum flow of the 
metal. 


When it is impracticable to provide a 
prolongation for test purposes, test 
specimens shall be cut from forgings 
selected from the lot by the inspector. 
The longitudinal axis of the test speci- 
men shall be parallel to the flow lines of 
the forgings. 
Thus it is evident that the ANC values 
are intended to cover with-grain speci- 
mens only. 
The authors state that the elongation 
is the only static property which ap- 
proached the amount of variation found 
in the dynamic properties, yet they fail 
to present elongation values in their 
graph, giving only tensile and yield 
strengths for the forgings which they 
have given ratings of good, fair, and bad. 
The plot of elongation values would be 
helpful. 


YY 
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Another point, perhaps of minor 
interest, is that comparison of Figs. 3 
and 4 indicates that they cannot be 
“natural size’’—either one is enlarged 
or the other is reduced. This should be 
clarified. Again, at the top of page 752, 
the authors mention the results of 
mechanical tests on “many” hand-forged 
billets of 14S-T. It would be interesting 
to know roughly how many. What the 
authors consider many, some others 
might not. Some numerical figure 
should be given. 

In connection with the studies made 
of 24S-T, the following statement is 
made. ‘The 24S-T shown had a varia- 
tion in grain size which was found by 
radiographic inspection.” The writer 
does not know how a direct determina- 
tion of grain size of a wrought material 
can be made by radiographic inspection. 
X-ray diffraction or metallographic 
methods are generally used. The 
method used would be of value. 

While still discussing wrought mate- 
rials, the authors, on page 758, discuss 
the sensitivity of radiographic examina- 
tion to changes in cross-section such as 
might be induced by porosity or a blow- 
hole. Such cavities are not normally 
found in wrought materials, and perhaps 
this discussion had better been given 
in connection with the radiographic 
examination of castings. 

Lastly, referring to castings and again 
looking at the engineering implications, 
the authors broke the corners off the 
castings with a combination of shear and 
bending. They explain that it was not 
true shear and their calculation was 
made just to give a relative comparison. 
However, Fig. 8 is labeled “average, shear 
stress.” Thus, it is open to misinter- 
pretation, for a person looking only at 
the graph would take these figures for 
the actual shear strength of the casting. 
Also, in a similar graph (Fig. 12), the 
authors give numerical values for the 
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modulus of rupture, these values varying 
with the X-ray rating. It would be 
valuable to know the modulus of rupture 
for which these castings were designed. 
In other words, the worst rating here 
may be four or five times the design 
value, including factors of safety. Gen- 
erally, when castings are used, the factor 
of safety is much larger than in the case 
of wrought materials. 

It is unfortunate that the radiographs 
reproduced in Figs. 15 and 16 have been 
so exposed that the variations in density 
of the grip ends of the test bars are 
revealed, whereas those of the smaller 
gage diameter are not shown. Of course, 
any reproduction of radiographs is at 
best very unsatisfactory. 

On page 762 there is a statement that 
the correlation shown in Fig. 8, be- 
tween radiographic examination and 
static tests on brackets, is encouraging 
in spite of the previously mentioned 
insensitivity of the static tests. It 
has long been the practice to make 
static breakdown tests and impact tests 
on castings to determine their suit- 
ability for a specific application. In 
making such tests, care is taken that the 
parts are loaded as they will be loaded in 
service. In most instances the static 
breakdown tests have been shown to be 
entirely adequate. 

Mr. R. J. Frick.*—There has been a 
little discussion on the relation of tension 
impact and X-ray testing. In some 
recent work at Kansas State College, 
we went over the more common types of 
tests and found that the tension impact 
was most suitable in a comparison of 
destructive testing and X-ray testing. 
One hundred welded specimens were 
X-rayed and then prepared for tension 
impact testing. It was found that the 
nature of failure was correctly indicated 
from the X-ray in 98 per cent of the 
cases, that is, we were able to tell from 


3 Graduate Research Assistant, Department of Shop 
Practice, Kansas State College, Manhattan, Kans. 


the radiograph whether failure would 
occur in deposited metal or parent metal, 
The tension impact value is a function 
of the volume of the section under 
stress, and since the radiograph will 
show any lack of volume of metal or 
voids, the two tests worked well in 
correlation of weld quality. 

Mr. W. L. HowLanp.*—Mr. Triplett 
and I feel that to a certain extent we 
have done a little pioneering in this 
paper. We hope it is realized that likea 
great many pioneers we may make some 
mistakes and erroneous conclusions along 
with a few contributions. I will try to 
answer a few of the questions which Mr. 
Dix asked. In the first place I might 
mention that Mr. Triplett and I def- 
nitely apologize for the fact that a large 
amount of detail has been omitted from 
this report. The reason is that this work 
has gone on in the face of such a fast 
growing industry that it is with great 
difficulty we find time to do any research 
at all, and time has not been available 
for great care in preparing this report. 

Mr. Dix expressed interest in how 
many tests were good, fair and _ bad. 
Obviously in the aircraft industry the 
engineer is looking for perhaps one bad 
piece in a hundred, and it is very desir- 
able that not even one bad piece which 
is highly stressed get into an airplane. 

The material for these tests were 
selected from routine examination of a 
very large number of parts (approxi- 
mately 300). 

X-ray diffraction patterns were made 
of material with this wavy appearance 
and a definite difference in the diffraction 
pattern was obtained between the good 
and the bad material. 

Mr. Tom A. wish to 
thank Mr. Lessells for his comments, 


4 Assistant Director of Research, Guggenheim Aer 
nautics Laboratory, California Institute of Technology, 
Pasadena, Calif. 

5 X-ray Metallurgist, and President, Triplett & Barton, 


Inc., Burbank, Calif. 
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I feel that these points have added to 
the value of the paper. I agree that 
the term “‘fibrous’’ was badly chosen 
and the term “‘woody fracture’ would be 
more nearly correct. 

We used the tension impact test 
because of the growing interest in this 
method on the Pacific Coast and also, 
since we believe that in the future, it 
will be of much more definite value than 
some of the other types of impact tests. 
However, as the paper indicated, we also 
made the better known impact tests in 
addition to the tension impact tests. 
I can assure Mr. Lessells that we are 
going to continue this line of investiga- 
tion as we feel it has great importance. 

Mr. Dix states that the radiographic 
examination has been proven a valuable 
and important development tool. Our 
attempt is definitely to carry the use of 
this method a step further, as we feel 
that the industry is not only ready but 
waiting for this step. 

In the case of 14S-T forgings, Mr. Dix 
would like to know how many of the 32 
forgings fell into each of the three 
classes—good, fair and bad. Our data 
sheets show that there were only one 
good, twenty fair, and eleven bad. He 
also expressed the desire to know the 
percentage of thickness that fell into the 
three groups. The answer is: 60 per cent 
of the bad material was found in 2 in. 
or thicker forged billets, the remaining 
40 per cent from 2 in. down to 3 in. 

In answering Mr. Dix’s comments on 
ANC specifications, these called for a 
test specimen to be made parallel to the 
direction of the maximum flow of the 
metal. All our tests included at least 
six or more specimens taken in this 
manner. However, due to the fact 
that we are very near to the aircraft 
industry, we have found that various 
parts of forgings are not always loaded 
or stressed in a direction parallel to the 
direction of maximum flow of metal 
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Therefore, test specimens were not only 
taken with the grain, but across the 
grain as well as several directions normal 
to the grain. 

We purposely left out the elongation 
values found in the static tests because 
in only one case did they approach the 
minimum (in the good specimen, men- 
tioned above) specified values of the 
ANC Handbook, even in the with-grain 
direction. This one specimen fell short 
by 0.5 per cent. 

Mr. Dix would also like to know ap- 
proximately how many of the mechanical 
tests the hand-forged billets cover. In 
checking data sheets, we find they cover 
a total of 143 mechanical tests made. 

In connection with radiographic in- 
spection of grain size, a new technique 
has been developed, made possible only 
by having equipment capable of giving 
extremely high-grade detail, and inas- 
much as, to my knowledge, the only three 
such machines available in this country 
are all located in the author’s laborato- 
ries, it is not strange that Mr. Dix is una- 
ware of how this determination may be 
made. At the present time a paper 
is being prepared on this technique. 

There is a direct correlation between 
the “wavy appearance” seen in the 
radiograph and the grain size. This 
has been checked by both X-ray diffrac- 
tion and metallographic methods. Mr. 
Lester has seen some of the diffraction 
pictures made and states that it is defi- 
nitely large grain structure. 

We cannot quite agree with Mr. Dix’s 
statement that implies that cavities are 
not found in wrought materials, as our 
examinations during the past 3 yr. have 
shown pipes and several types of cavi- 
ties. 

In answer to Mr. Dix’s comments on 
the average shear stress graphs that we 
have shown in Figs. 8 and 12, these were 
given in this manner to show the trend 
for correlation purposes and not to 


d 
n 
ll 
in 
tt 
ve 
a 
ne 
ng 
to 
{r. 
ht 
efi- 
rge 
om 
ork 
ast 
eat 
rch 
ible 
ort. | 
how 
vad. 
the 
bad 
esir- 
hich 
jane. 
were 
of a 
roxi- 
nade 
rance 
ction 
good 
_| 


768 DISCUSSION ON MECHANICAL AND X-RAY TESTS OF ALUMINUM _ 


represent any specific design or allow- 
able stress. 

We do not consider it unfortunate 
that the radiographs shown in Figs. 15 
and 16 have been so exposed that the 
variation in density of the grip ends of 
the test bars are revealed and those of 
the small gage diameter are not shown. 
It should be stated that the negative 


itself definitely covers both ranges very 
satisfactorily. The negative has a den- 
sity range of 130 to 1, whereas the paper 
on which it is reproduced covers only a 
range of approximately 30 to 1. There- 
fore, when a correct exposure is made 
to make use of the 130 to 1 ratio it is 
obviously impossible to transfer this to 
paper print. 


- 
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~ SOME MECHANICAL TESTS ON ALUMINUM ALLOYS 145S-T 


248-T 


AND 


By W. B. MEcHLING! AND S. S. JACK? 


SYNOPSIS 


Mechanical tests were conducted on aluminum alloys 14S-T and 24S-T. 
The former alloy was in the form of a large hand-forged billet and the latter 
in the form of a 3 by 6-in. rectangular bar. In addition to the determina- 
tion of the usual mechanical properties, tension impact values were also 
obtained for both materials. Care was exercised to obtain all test specimens 
from the same stock and to define the condition of the material by photo- 
micrographs and grain direction. 

It was found that the results obtained compared favorably with the gen- 
erally accepted mechanical properties of these alloys. Considerable variation 
of the mechanical properties with grain direction was found, the magnitude 
of these variations being shown in both tabular and graphical form. 

Whereas the results obtained compare favorably with the generally accepted 


physical properties of these alloys, these tests present quantitatively the varia- 
tion of these properties with grain direction. 


In an endeavor to evaluate the tension 
impact test, and to correlate results, it 
was necessary to conduct the investiga- 
tion on materials whose exact mechanical 
properties were known. The following 
alloys were chosen for investigation, 
since they are widely used in the aircraft 
industry: 


tion, therefore, have an added value, in- 
asmuch as they may present further data 


on these alloys. 


In order to obtain maximum uni- 
formity, the specimens for each material 
were cut from the same billet. Photo- 
micrographs were made of the material 
in three mutually perpendicular planes 
as a means of defining the grain struc- 


Test PROCEDURE 


Test Specimens: 


14S-T a typical forging alloy 
24S-T a typical alloy for rolled products 


Since complete data on the mechanical 


properties of these alloys are in general 
not easily obtainable by designers, it 
was decided to make static, fatigue, and 
standard impact tests as well as those 
covering the tension impact values. 
The routine tests conducted for correla- 


‘Lieutenant, U. S. Navy, Californiz i 

, U. S. Navy, California Institute of 

Technology, Pasadena, Calif. 

T * aptain, U. S. Marine Corps, California Institute of 
echnology, Pasadena, Calif. 


ture. 

Tests in which the longitudinal axis 
of the specimen is parallel to the grain 
of the material are designated as “with 
grain” in the tables and accompanying 
discussion. Those in which the longi- 
tudinal axis of the specimen is perpendic- 
ular to the grain direction are designated 
as “cross grain.” 
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Taper 0.040-in.in Diam. 
per. hak Both Ends 


0400'diam, 025 ‘rad. 


= 2,25" ,Chamter 45°by 
0375'rad. \Thd. NF3 


750"diam. 
Tension Specimen 


e--2§*---| 0.798 diam. 
Com pression Specimen 


0.24 9"diam. “diam. 


Shear Specimen 


lic. 1. Details of Test Specimens. 


ib rad. 


0.25 


Specimen 


0.039 0594", 
GA 


Fremont -Izod Impact Specimen 


625"diam. 


0.394” 

0079" 

0.0!"rad. 
Izod Impact Specimen 


A 


Details of Impact Test Specimens. 


2 


The first three tests were made in the 
research laboratories of the Douglas 
Aircraft Co., and the remainder were 
made in the structures laboratory of the 
California Institute of Technology. 
Static Tension: 

The tension specimens (Fig. 1) were 
tested in a Baldwin-Southwark 40,000- 
lb. capacity machine. ‘The ends of the 
specimens were attached to spherical- 
end fittings used in the testing machine 
for tension tests. In order to be certain 
that there was no bending in the test, 
two Huggenberger type extensometers 
were attached diametrically opposite 
and their readings compared. The aver- 
age strain readings of the extensometers 
were used as the strain of the specimens. 


Shear: 


The shear specimens (Fig. 1) were 
made to fit a standard rivet shear block. 
This method of testing places the speci- 
men in double shear, and the character 
of the failure indicated that there was no 
bending in the test. These tests were 
also conducted with the Baldwin-South- 
wark machine. 


Compression: 


The compression specimens (Fig. 1) 
were tested in the Baldwin-Southwark 
machine. They were placed between 
spherical ends to eliminate bending. 


Fatigue: 


Fatigue tests were conducted on 4 
machine which is essentially a rotating- 
cantilever-beam type with a speed ef 
rotation of approximately 3Q00 r.p.m. 
The method of loading the specimen in- 
troduced direct compressive stresses but 
of such magnitude as to be considered 
negligible, as in no test did the ratio 
of direct compressive stress to maximum 
bending stress exceed 0.002. 

Maximum stress in the specimen was 
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computed in accordance with the for- 
mula for a simple beam in bending: 


= My/I 


maximum stress, 

applied bending moment, 
radius of specimen at the 
test section, and 
= moment of inertia of the 
test section 


where ¢ = 
y 


Wand. 


Pic. 3: 


The fatigue strength of the material 
was defined at 10,000,000 cycles, that is, 
20,000,000 reversals of stress. This 
limit is considered to cover the fatigue 
conditions encountered throughout the 
comparatively short life of an airplane 
and is sufficient to determine the effect 
of grain direction upon fatigue strength. 


On MECHANICAL TESTS ON ALUMINUM ALLOYS 


Impact Tests: 


The Izod (notched-bar) impact speci- 
mens (Fig. 2) were tested in a standard 
Olsen 120 ft-lb. capacity impact machine 
whose maximum striking velocity was 
11.35 ft. per sec. 

Frémont-Izod impact specimens (Fig. 
2) were tested in the same manner as the 
standard Izod type. The only variation 


Tension Impact Specimen in Modified Anvil. 


in the specimens was in the form of the 
notch at the section of fracture. 
Tension-impact specimens (Fig. 2) 
were tested in the Olsen impact machine. 
The fixed anvil was modified to hold the 
tension-impact specimen horizontally 
and in such position that the hammer 
would strike the movable anvil at the 
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exact bottom of the stroke (Fig. 3). 
The determination of energy absorbed in 


breaking the specimen was made in the . 


normal manner. 


120 Quoted. 
2 2 
90 15 With Cross 
sfee specimen G Gran Grain 
60 - 
D 
Cc 30 | “2 
uy uj 
an 
“A” Fremont 
Tension Impact 


Impact Test Comparisons 


60000 30.58 
Q 
| 
40000 —20= 9 
20000 ¥ 
a 
0 
BBE 
GV Elongation Reduction in 
Area 


Strength Comparisons Deformation Comparisons 


Fic. 4. Comparative Mechanical Properties of 
14S-T 


AND JACK 


were rough machined, smooth machined, 
ground, and ground and polished, in order 
to determine, if possible, the effect of 
surface conditions on the impact values, 
It was found that all specimens with a 
smooth machine finish, or better, ab- 
sorbed the same amount of energy, the 
variations lying within the variations 
encountered in a group of specimens 
with a given finish. It was therefore 
concluded that a smooth machine finish 
was satisfactory for tension-impact spec- 
imens. 

When specimens having different body 
diameters were tested, it was found that 
for diameters equal to or greater than 
().25 in. the unit energy (ft-lb. per cu. in.) 
absorbed remained constant. It was 
therefore decided to use a 1-in. long by 
().25-in. diameter body for all test speci- 
mens. 

ALumMiInUM ALLoy 14S-T 

The aluminum alloy 14S-T is a high- 
strength, heat-treatable alloy which is 
finding increasing favor in the aircraft 
industry as a material for the manufac- 
ture of highly stressed forged fittings. 


Pm! I? Specimen axis perpendicular to grain direction, | | 
30000 * Specimen axis parallel to grain direction _ | | | 
|_| Specimen axis paralle! to grain direction, no failur 
24.000 — | 
18000 | — With Grain 18000 
Cross Grain 12000) | 
6000 4 — 
6 


10 


A number of preliminary tests were 
made in order to determine the effect 
of surface condition and specimen size 
on the tension-impact values. Impact 


values were obtained on specimens which 


10” 
Cycles 


Fic. 5.—Stress-Cycle Diagram for 14S-T. _ 


It is sometimes furnished to the manv- 
facturer in the form of a hand-forged 
billet approximately 5 by 5 in. in cross 
section. The test specimens were cut 
from a single billet of this type. 
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TABLE I.—RESULTS OF MECHANICAL TESTS ON SPECIMENS CUT FROM A 5 BY 5-IN. BILLET 
OF ALUMINUM ALLOY 14S - T*% 
| | Yield Strength, psi. | Tensile Strength, psi. | —— | 
Num- Speci- 
ber of men | 
Test Speci- | Grain } = : 
mens__ Direc- Quoted | | Quoted 
Tested tion Test Allow- Test Allow-| Test | 
able? able? 25 
o 
Static tension....... 3 With 60 000 50000 | 70300 (1%) | 65000 12.3 (19%) 10 | 24.3 (11%) 
2 Cross 62 500 (8%) 71 150 (3%) | 65000 | 6.9 (2%) 6.5 (8%) 
ee 1 With 38 760 | 39.000 
1 Cross 41 060 
Compression. ...... 3 With 74 700 (2%) | 65 000 
With 18 000 12 000 | 
Cross 12 000 
Energy, ft-lb. | 
Tension impact .... 4 With 37.5 (15%) | 12.5 (20%) | 30.5 (12%) 
5 Cross 20.2 (11%) | 5.7 (5%) 7.7 (43%) 
Izod impact......... 5 With 5.6 (i0%) 
5 Cross 1.9 (21%) 
Izod Frémont im- 
pact 5 With 11.1 (13%) 
5 Cross 3.3 (241%) 


* The percentages in parentheses indicate maximum variation in per cent from mean value. 
6 Strength of Aircraft Elements, Army-Navy-Commerce Committee on Aircraft Requirements. 


TABLE II.—-MECHANICAL TESTS ON ALUMINUM ALLOY 24S -T.4 


| 


n 
Yield Strength, psi. psi. per cent 
Test | | | tin Area, 
| ge $a | 
| st 3% | 
Static tension Large 3 With | 39709 (2%) 40000 | 65 000 (1%) | 62 000 | 21.6 (5%) 14 | 21.3 (4%) 
1 Cross | 40 000 63 900 14.5 | | 13.0 
Small 3 With | 50500 (1%) | 40000 | 69 150 (1%) | 62 000 | 21.4 (7%) 15 | 25.7 (3%) 
1 | Cross | 45 200 68 200 
| 
| 
Shear Large 6 With 42 400 (3%) | 37 000 | 
Small 6 With 43 060 (5%) | 37 000 | 
Compression Large 3 With Over 62 GOO | 
78 000 | 
Small 4 With Over 62 000 
78 000 
Fatigue Large With 18 700 14 000 
| Cross 18 000 | 
| Energy, ft-lb. 
| 
Tension impact. Large | 5 | With 51.2 (8%) 18.4 (14%) 22.6 (15%) 
| 5 | Cross 39.4 (9%) 15.3 (5%) 15.2 (25%) 
— Number | Number | 
Specimen 
of Plane of of Plane of 
ee Specimens Notch Energy, ft.-Ib. Specimens Notch Energy, ft.-Ib. 
irection 
Tested Tested 
imps 
zod impact Large With 5 Yellow | 9.7 (3%) 4 | Red 8.4 (5%) 
Cross 5 Blue 4.8 (14%) 2 | Yellow | 6:5 (10%) 
Izod Frémont im- Large With 9 Yellow 15.8 (11%) 7 Red 13.6 (8%) 
Se ea Cross | 3 Blue 10.0 (1%) 3 Yellow 11.8 (6%) 


a . . . . . 

oan percentages in parentheses indicate maximum variation in per cent from mean value. 
x, trength of Aircraft Elements, Army-Navy-Commerce Committee on Aircraft Requirements, 
‘ tee ecimens denoted by large grain were cut from %4 by 6-in. stock. Specimens denoted 
ut Irom \4-in. plate. 
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(a) Blue plane, large grain. 
(6) Red plane, large grain. 
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The test results are presented in both with a decided reduction in fatigue 
tabular and graphical form (Table Land strength in cross-grain specimens, re- 
Figs. 4 and 5). They indicate that the veals a possible quality of this alloy 
which should not be overlooked.  Inas- 
much as the cross-grain properties, as 
well as those along the grain, depend 
considerably upon the forging technique 
used, the strength values found in the 
present tests emphasize the need for 
extremely careful forging design if maxi- 
mum structural efficiency is to be at- 
tained. The desirability of keeping 
grain direction parallel to principal 
stresses and for avoiding sharp re- 
entrant angles is quite apparent. It is 
believed that this material should be 
used with caution if fatigue or impact 
conditions are to be encountered, or if 
the forging is very complicated and a 
reasonable stress analysis cannot be 
made. 

Figure 6 is a series of photographs 
showing the fibrous appearance of the 
cross-grain fracture as compared to the 


15 ~Alane of notch 


Energy , ft-lb. 


Elongation & Reduction in 


Area, per cent 


8 


Yield 
Strength 
Shear 


GH 
Elongation Reduction in 
velvety appearance of the with-grain 
Strength Comparisons Deformation Comparisons breaks. ‘This difference is noted for all 

Fic. 8.—Comparative Mechanical Properties of the types of test ; enenrwe shown, and 
ay 24S-T. is characteristic of breaks in the two 


36000 


30000 
@ 24000 


18000 


12000 ° Cross grain 
With grain 
6000 ‘© With grain, no failure 


10° 10° 


Cycles 
Fic. 9.—Stress-Cycle Diagram for 24S-T. 


quoted values of physical properties of directions which were obtained in the 
14S-T were readily obtained except for tests. 

static elongation in the cross-grain direc- AcuminuM ALLoy 24S-T 

tion, but the serious reduction of energy Alloy 24S-T is also a high-strength, 


absorption in the impact tests, coupled heat-treatable alloy in common use 1 
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the aircraft industry in the form of sheet, 
bar, extrusions, and tubing. One com- 
plete set of test specimens was made 
from ~ by 6-in. rectangular bar stock. 
In addition, a number of static test 
specimens were made from j-in. plate 
for the purpose of determining the effect 
of working on certain mechanical proper- 
ties. The photomicrographs (Fig. 7) 
indicate the grain sizes and give color 
designations to the three mutually 
perpendicular planes of the ~ by 6-in. 
bar stock. One photomicrograph show- 
ing the grain size of the }-in. plate stock 
is also included for comparison. 

The test results are presented in 
tabular and graphical form (Table II and 
Figs. 8 and 9). A comparison of ten- 
sion-impact values shows that this 
material maintains its energy absorption 
ability to a high degree in the cross- 
grain direction. The notch sensitivity 
tests indicate that the energy varies not 
only with grain direction but also with 
the plane in which the notch is main- 
tained. Strength comparisons show 
clearly the improvement in_ tensile 
strength and yield point due to working 
of the material. Figure 10 shows the 
variation in the appearance of the frac- 
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tures with and across the grain. 


Here 
as with the 14S-T alloy, the cross-grain 
breaks are fibrous and laminated jp 
nature, while the with-grain breaks have 
a smooth, velvety appearance. 


CONCLUSIONS 


The purpose of this paper is primarily 
to point out certain trends in the me- 
chanical properties of two of the aluni- 
num alloys extensively used in the air- 
craft industry. It is realized that the 
mechanical properties found are only 
strictly applicable to the sizes of mate- 
rial from which the test specimens were 
made. However, the reduction in phys- 
ical properties in the cross-grain direc- 
tion and with increasing grain size give 
general trends that might be expected 
from all sizes of stock. 

The specific mechanical properties 
given in Table I and Fig. 4 and Table Il 
and Fig. 8 are presented in the hope that 
they will fill some of the gaps in the 
designers’ knowledge of these two mate- 
rials. Further tests are contemplated, 
particularly those dealing with the ten- 
sion fatigue impact values of these two 
materials, 
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DISCUSSION 


Mr. F. M. Howe t! (presented in 
written form).—Interesting data on the 
directional properties of wrought ma- 
terials have been presented by the 
authors of this paper. Although in this 
case the tests are confined to aluminum 
alloys, similar characteristics are to be 
expected in varying degrees in all 
wrought products regardless of material. 

The authors’ test results reaffirm the 
necessity for exercising care in designing 
forgings to obtain maximum structural 
efficiency. The desirability of main- 
taining the grain direction parallel to 
the principal stresses, and for avoiding 
sharp reentrant angles in forgings, can- 
not be emphasized too strongly. Exist- 
ence of the directional variation in 
mechanical properties of wrought prod- 
ucts is common knowledge to metal- 
lurgists and is usually given due con- 
sideration by aircraft designers. 

It seems not out of place to point out 
that the allowable values quoted from 
the ANC. Handbook? “Strength of 
Aircraft Elements” do not apply to 
forgings as large as the 14S-T billet 
discussed in this paper. The handbook 
specifically states that the values given 
apply only to forgings up to 4 in. in 
diameter or thickness. Very few of the 
die forgings of 14S-T alloy supplied to 
the aircraft industry contain sections 
even as large as 4 in. in thickness, and 
only a small percentage of parts are 


_' Engineer, Aluminum Research Laboratories, Alu- 
minum Company of America, New Kensington, Pa. 
m Issued by the Army-Navy-Commerce Committee on 
Aircraft Requirements. 


machined from hand-forged 5 by 5-in. 
billets. 

Similarly, most of the 24S-T alloy 
sheet, extrusions, and tubing used in 
the aircraft field is much thinner than 
the ? and }-in. stock used in these tests. 

Appreciating the necessity for the use 
of certain machined fittings where dies 
are not available, a tremendous amount 
of research work has been put on the 
problem of improving the cross-grain 
properties of aluminum alloys during the 


past 3 yr. This has resulted in im- 


portant improvements in the process of 
manufacture, which have been responsi- 


ble for appreciable improvement in these 
properties. The improvement is shown 
largely by increased elongation, tests 
made over the last 18 months on 5 by 
5-in. hand-forged billets averaging nearly 
20 per cent higher in elongation in the 
transverse direction than was found by 
the authors. 

The conclusions may give the im- 
pression that a greater difference be- 
tween with-grain and cross-grain prop- 
erties occurs in coarse-grain material 
than in fine-grain material. While it is 
true that material having a fine grain 
structure usually shows higher strength 
than one possessing a coarser grain 
structure, the differences between the 
3% by 6-in. rectangular bar stock of 
24S-T and the }j-in. plate of the same 
alloy should not be attributed solely to 
differences in grain size. It is largely 
due to the type and amount of working 
that the ingots received. 
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SPECTRAL EMISSIVITY (AT 0.65 4») OF SOME ALLOYS FOR ELECTRICAL 
HEATING ELEMENTS 


By W. F. Roeser! 


SYNOPSIS 


Determinations of the spectral emissivity of a number of commercial heating 
element materials were made to obtain data needed for the measurement of the 
operating temperature of these alloys during life tests. The spectral emis- 
sivity of the alloys was determined both in air and under conditions which are 
ordinarily considered reducing, by measuring the true temperature and the 
apparent temperature of the surface at the effective wave length (about 
0.65 uw) ordinarily used in optical pyrometry. 

_ The emissivity of the oxide or oxides formed on each general class of material 
in air was apparently definite and characteristic of that class of material. 
In commercial hydrogen, each of the alloys studied acquired a coating of 
oxide which differed in radiation characteristics from that formed in air at high 
temperatures. ‘The emissivity of the oxide formed on the nickel-chromium 
nd nickel-chromium-iron alloys in commercial hydrogen varied between 
_ wide limits (about 0.4 to 0.85) depending upon the atmosphere and the con- 
ditions of heating. 
The emissivity of the nickel-chromium and nickel-chromium-iron alloys in 
an atmosphere of hydrogen sufficiently pure to prevent the formation of any 
oxide was about 0.35. Although an atmosphere was not obtained which 
- would prevent the formation of an oxide on the iron-chromium alloys con- 
taining aluminum, the results obtained on iron-chromium alloys containing 
various amounts of other elements indicate that the emissivity of the iron- 
chromium-aluminum alloys would not differ appreciably from 0.35 if these 


In life tests to determine the relative 
performance of electrical heating element 
materials, the operating temperature of 
the material probably has more effect 
upon the result than any other single 
variable. Most tests of this nature are 
conducted by heating the materials 
electrically, and in such cases the tem- 
perature of the materials (usually in the 
form of small wires) is most conveni- 
ently measured with an optical pyrom- 
eter. The temperature observed when 


National Bureau of Standards, Washington, 
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alloys could be heated in the absence of any oxygen. 


an optical pyrometer is sighted upon the 
surface of a material heated in this way 
is known as the apparent temperature. 
In order to calculate the true tempera 
ture, a knowledge of the emissivity o 
the surface is required. 

If a piece of metal is heated to incat- 
descence, any scratches in the surface 
will appear brighter than the smooth 
surface of the metal. This does no 
mean that the temperature of the 


scratches is higher than that of the J 


smooth surface, but merely that different 
surfaces, at the same temperature, 4 
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ROESER ON SPECTRAL EMISSIVITY 


not emit the same amount of radiant 
energy. Similarly, if a hole is drilled 
into a piece of metal, the hole will 
always appear brighter than the rest of 
the surface. If the hole in the material 
is deep enough, the brightness of the 
hole is independent of the material and 
depends only on the temperature. Such 
a hole is called a black body and radiates 
the maximum amount of energy ob- 
tainable from any incandescent body 
at that temperature. The emissivity of 
a black body is taken as unity, and the 
emissivity of any other body is expressed 
as the ratio of the energy radiated by 
that body to the energy radiated by a 
black body. When this is applied to 
the total energy radiated, it is called 
the total emissivity, and when applied 
to the energy radiated at some par- 
ticular wave length, it is called the 
spectral emissivity at that wave length. 

The spectral emissivity E,, the true 
temperature 7 on the absolute scale, 
and the apparent temperature 7, are 
related by the following equation: 


Za C2 


where ) is the effective wave length and 
C; is the second constant in the Wien- 
Planck radiation law. For a wave 
length X = 0.65u (the effective wave 
length of the red screen in practically 
all types of optical pyrometers) and 
C, = 2.578 cm. deg. Fahr., the above 
equation reduces to 


= 1 _ logic Eo.ss 
$+ 460 t.+ 460 17,2000 


(2) 


where ¢ is the true temperature on the 
Fahrenheit scale and ¢, is the apparent 
temperature. 

In certain types of tests, an accurate 
value for the emissivity is not needed, 
but in other types of tests, it is very 


essential. In the A.S.T.M. standard 


life test (B 76-38)? each class of 
material is tested at a temperature 
which will give a life in air of about 
100 hr. An accurate value of the true 
temperature is not essential in this test 
because the emissivity of all materials of 
the same nominal composition, heated 
in the same way in air, will be very 
nearly the same. Consequently if 
several such samples are heated to the 
same apparent temperature they will 
all be at the same true temperature. 
However, in other types of tests designed 
to determine the relative performance of 
different materials at the same tem- 
perature or of the same material in 
different atmospheres, a value for the 
emissivity of each material under each 
condition of test is required in order 
that each material may be operated at 
the same true temperature. 

In some of the tests designed to deter- 
mine the relative performance of dif- 
ferent materials at the same temperature, 
a knowledge of the spectral emissivity 
is required in order that all the materials 
can be operated at the same true tem- 
perature. Suppose a nickel-chromium 
alloy and an iron-chromium-aluminum 
alloy both are operated at an apparent 
temperature of 2200 F. If the materials 
are heated in air, the nickel-chromium 
alloy will be operating at a true tem- 
perature of 2221 F. (Eoes = 0.89) and 
the iron-chromium-aluminum alloy will 
be operating at a true temperature of 
2246 F. (Eoes = 0.77). However if 
these same two alloys are heated in an 
atmosphere of relatively pure hydrogen, 
the nickel-chromium alloy will be operat- 
ing at a true temperature of 2402 F. 
(Foes = 0.35) and the iron-chromium- 
aluminum alloy will be operating at a 
true temperature of 2271 F. (Foe = 
0.68). The results obtained from such 
tests would be very different from those 


2 Accelerated Life Test for Metallic Materials for Elec- 
trical Heating (B 76 - 38), 1938 Supplement to Book of 
A.S.T.M. Standards, p. 75. 
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obtained by heating the materials at 


the same true temperature. The data*® 
available indicate that in certain types 
of tests in air, the life of an element may 
be changed 25 to 50 per cent by changing 
the temperature of the material by 25 F. 

Data are available on the spectral 
emissivity’ of a number of metallic 
elements and their oxides, but very 
little information is available on the 
emissivity of alloys or of the oxides 
formed on the alloys when heated in air. 
The determination of the spectral emis- 
sivity of some of the electrical heating 
element materials in air and in hydrogen, 
was undertaken at the request of the 
Society’s Committee B-4 on Electrical- 
Heating, Electrical-Resistance, and 
Electric-Furnace Alloys. The co- 
operation of the members of this com- 
mittee in providing samples of the 
various heating element materials is 
acknowledged. 


MATERIALS AND EXPERIMENTAL 
METHODS 


_ The commercial heating element 
materials on which measurements were 
made included alloys of the following 
nominal compositions: 

1. 80 per cent nickel, 20 per cent 
chromium. 

2. 60 per cent nickel, 24 per cent iron, 
16 per cent chromium. 

3. 55 per cent iron, 37.5 per cent 
chromium, 7.5 per cent aluminum. 

4. 70 per cent iron, 23 per cent 
chromium, 5 per cent aluminum, 2 per 
cent cobalt. 

Samples of the materials were heated 
in an induction furnace coil. Each 
sample, about 1 in. long and } in. in 


3F. E. Bash, Metal Progress, Vol. 33, p. 143 (1938). 

H. E. Koch, Electrical World, Vol. 107, p. 32 (1937). 

7 Kerkham, The Electrician, Vol. 118, p. 641 

937). 

‘Burgess and Waltenberg, Bulletin, Nat. Bureau 
Standards, Vol.11, p. 591 (1915) (S 242). 

International Critical Tables, Vol. V, p. 242. 

H. Hoppe, Annalen der Physik, Vol: 15, Series 5, 
p. 709 (1932). 
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diameter, was suspended by means of 
nickel-chromium or iron wires, in a clear 
fused silica tube which was provided 
with a window and a gas inlet and outlet, 
In this way, the materials were heafed 
in the absence of any refractory material 
which might react with the materials 
themselves or which might give off 
gases that might react with them. The 
silica tube was heated to some extent 
by radiation and convection from the 
heated sample, but inasmuch as the 
tube fitted closely into the water-cooled 
furnace coil, jt did not attain a very 
high temperatire. 

Measurements were made on all the 
materials in air and in purified hydrogen. 
In the latter case, commercial hydrogen 
was purified by passing it through 
copper chips at about 1450 F. to combine 
the oxygen impurity with the hydrogen, 
then through magnesium perchlorate 
and phosphorus pentoxide to remove 
water vapor, and then through granular 
electrolytic chromium at about 1400 F. 
to further remove any impurities that 
might react with the alloy being studied. 
Although the hydrogen purified in this 
way was sufficiently free from oxygen 
to prevent the formation of visible 
oxides on alloys of nickel, chromium, 
and iron, it did not prevent the forma- 
tion of oxide on the alloys containing 
aluminum. As it was felt that hydrogen 
pure: than this would not be used in the 
testing of these alloys, no attempts 
were made to further purify the hydro- 
gen used in this work. 

A few additional measurements oi 


emissivity were made on the 80 per cent- 


nickel, 20 per cent chromium alloy in 
commercial hydrogen and nitrogen, t0 
determine what variations in emissivity 
might be expected. 

It will be seen from Eq. 2 that the 
spectral emissivity at X = 0.65 u (red 
light) is obtained directly from deter 
minations of the apparent temperature 
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at \ = 0.65 w and the true temperature 
of the surface. The apparent tempera- 
ture at \ = 0.65 w of the surface of a 
material is readily obtained with an 
optical pyrometer. A value for the true 
temperature of a surface may be ar- 
rived at in a number of ways. In the 
present work, the true temperature of 
the surface was conveniently obtained 
by sighting an optical pyrometer suc- 
cessively into small holes drilled to 
different depths, thus determining the 
temperature gradient in the sample and 
then extrapolating the observations to 
obtain the true temperature of the 
surface. Determinations of the spectral 
emissivities of graphite, platinum, and 
nickel in hydrogen by this method 
yielded results which were consistent 
with those obtained by other methods. 
The spectral emissivities of the electrical 
heating element materials in air were 
determined by this method. The spec- 
tral emissivities of these materials in 
hydrogen were more conveniently deter- 
mined by inserting into the material a 
small plug of material of known emis- 
sivity. The true temperature of the 
surface was obtained by measuring the 
apparent temperature of the insert and 
applying the correction for its emis- 
sivity. Results obtained by using in- 
serts of graphite, platinum, and nickel 
agreed (within the experimental error) 
with those obtained by drilling holes and 
extrapolating to obtain the surface 
temperature. The accuracy of the ob- 
servations was such that emissivity 
values were determined to within 2 per 
cent of the emissivity. Consequently 
any spread in the individual observations 
greater than 2 per cent may be attrib- 
uted to actual differences in the char- 
acter of the surface. 

Some preliminary measurements were 
made to determine the variation in the 
emissivity caused by’ the finish on the 
surface of a material in the unoxidized 
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state. In purified hydrogen, essentially 
the same value of emissivity (within 2 
per cent) was obtained on samples of 
nickel-chromium finished (1) with a fine 
file, (2) with fine sand paper, (3) with 
rouge polishing paper, and (4) by buff-— 
ing. Slight variations in the initial 
surface finish would not be expected to 
have any appreciable effect upon the 
emissivity of one of these alloys in air 
because the oxidized surface is usually - 
much more irregular than any surface | 
finish. The surface of each sample on 
which observations were made was pol- 
ished with rouge paper before heating. 

When a material with a bright metallic 
surface is heated in air, the emissivity 
of the surface gradually changes from a 
value which is characteristic of the 
metal to one which is characteristic of 
the oxide. During this period the ap- 
parent temperature of the surface in- 
creases while the temperature of the 
metal is maintained constant. If and 
when the oxide coating becomes so thick 
that there is an appreciable temperature 
gradient in the oxide, the apparent tem- 
perature of the surface will decrease 
while the temperature of the metal is 
maintained constant. As might be ex- 1 
pected from the nature of the oxides | 
formed on these alloys, this latter effect 
was not observed in the present work. 
The time required to establish an oxide 
coating which is stable at all operating 
temperatures, and which is of such thick- ; 
ness that the emissivity of the surface 
is independent of the thickness of the 
oxide coating, depends upon the tem- 
perature at which the material is heated. . 
Consequently all the samples on which 
measurements were made in air were 
heated at 2200 F., until no change could 
be detected in the emissivity with time, 
before making any observations at other 
temperatures. This required about two 
hours for the alloys studied. 
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The results obtained on the 80 per 
cent nickel, 20 per cent chromium alloy 
under various conditions are shown in 
Fig. 1. Practically identical results 
obtained on three different samples in 
air indicate that the emissivity of the 
oxide formed on this material in air is 
definitely reproducible. Measurements 
were made on only one sample in nitro- 
gen and only one sample in commercial 
hydrogen. The values obtained at tem- 
peratures above 1850 F. (apparent tem- 
perature) on a number of different 
samples in purified hydrogen agreed very 
well. However, at lower temperatures 
there was considerable spread in the 
results. In a few instances the values 
obtained were near curve H, and in these 
cases no oxide could be seen after cool- 
ing the metal to room temperature In 
the other instances the values obtained 
were near curve H,; or He. In these 
cases, traces of oxide were clearly visible 
after cooling the metal to room tem- 
perature. The sudden change in the 
slopes of the curves H,, He, and H; at 
about 1800 F. (apparent temperature) 
occurred at approximately the same 
temperature when heating as when cool- 
ing. The difference between the curves 
H, and Hz is probably due to a difference 
in the thickness of the oxide film. The 
differences between these two curves 
and the ones marked H3, N, and A are 
probably due both to differences in the 
thickness of the oxide and to differences 
in the composition of the oxide. 

It will be noted in Fig. 1 that at tem- 
peratures below about 1800F., the 
emissivity of the 80 per cent nickel, 20 
per cent chromium alloy in commercial 
hydrogen (about 0.84) is not very differ- 
ent from that in air (about 0.91), and 
very much different from that in purified 
hydrogen (0.35). 

The results obtained on the various 
alloys in air and in purified hydrogen 
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are represented by the curves in Fig. 2. 
The surface of each specimen was pol- 
ished with rouge paper before heating in 
a particular atmosphere. As mentioned 
earlier, all the alloys containing alumi- 
num oxidized in the purified hydrogen, 
probably because of traces of oxygen 
or water vapor, or both, in the hydrogen. 
The observations in air were taken after 
heating the alloys for several hours at 
2200 F. The emissivity of the oxide 
coating formed by this treatment was 
reproducible and did not vary noticeably 
with time. However, when the 70 
per cent iron, 23 per cent chromium, 5 
per cent aluminum, 2 per cent cobalt 
alloy was cooled to room temperature 
after this treatment and then heated to 
the higher temperatures, the same value 
of emissivity was not immediately ob- 
tained. This is attributed to the fact 
that each time this alloy was cooled to 
room temperature, part of a dark oxide 
flaked off, exposing a lighter oxide. 
Upon subsequent heating to the higher 
temperatures, some time was required 
for the re-establishment of the darker 
oxide which is apparently stable at the 
higher temperature. 

Samples of nickel-chromium, 
nickel-chromium-iron, and _iron-chro- 
mium-aluminum alloys were also heated 
in air at about 2200F. until a stable 
coating of oxide was formed and then 
heated in purified hydrogen at about 
2200 F. After about one hour heating 
in the hydrogen, the emissivity of the 
nickel-chromium and _ nickel-chromium- 
iron alloys became constant at about 
0.37. Six hours of heating of the iron- 
chromium-aluminum alloy in purified 
hydrogen produced no significant change 
in the emissivity. The difference be- 
tween these results and those shown in 
Fig. 2 is attributed to the initial condi- 
tion of the surface before heating in 
hydrogen. 

The spectral emissivity of a number of 
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iron-chromium alloys containing various 
amounts of other elements was deter- 
mined in relatively pure hydrogen, and 
it was found that the emissivity of all 
of these alloys (free from oxide) was 
approximately 0.35. It might be in- 
ferred from these measurements, that if 
the iron-chromium-aluminum and iron- 
TABLE CORRESPONDING VALUES OF TRUE 
TEMPERATURE AND APPARENT TEMPERA- 
TURE (’ = 0.65 4) FOR SOME ELECTRICAL 
HEATING ELEMENT MATERIALS. 


| True Temperature, deg. Fahr. 


Apparent 
Temperature, 6ONi, | 55Fe, | 70 Fe, 
| | | BSC. | BG, 
16 Cr 7.5 Al 5 Al, 2 Co 
HEATED IN AIR 
Eo.65=0.92 Eo 
at 1400 F. at 1400 1400 F. 
to 0.89 at to 0.82 at to 0.77 at Fo,65=0.75 
2300 F. | 2300 F. | 2300 F. 
1306 | 1312 | 1317 1323 
Sse): 1408 | 1414 1419 1426 
1500.........] 1509 1516 | 1522 1529 
>a 1610 | 1618 | 1625 1632 
1712 1720 | 1728 1735 
eas 1813 1823 1831 1838 
> 1915 1925 1935 1942 
2000.........} 2017 | 2028 2038 2045 
2119 2142 «| 2149 
2221 2235 | 2246 «| 2253 
Sa 2323 | 2338 | 2351 2357 
2425 2442 2456 | 2461 
2527 | 2546 | 2561 | 2566 
HEATED IN HyDROGEN 
= | Foes = = | Eos = 
0.35 | 0.36 | 0.68 0.72% 
| 
a 1386 | 1384 | 1331 | 1326 
1497 | 1494 1434 
1500.........| 1608 1605 1538 1532 
1600.........| 1719 1716 1642 | 1636 
ae 1831 1828 | 1746 1739 
ea 1944 1940 , 1851 | 1843 
SIRS 2058 2053 1955 | 1947 
2000......... 2172 2167 2060 2051 
2100......... 2287 2281 2165 2156 
2200.........| 2402 2396 2271 2260 
2300....... 2518 2512 | 2376 2365 


“Samples of these materials oxidized in the purest 
coivegen available. The values given apply for the oxide 
formed under these conditions. 


chromium-aluminum-cobalt alloys could 
be maintained free from oxide at the 
high temperatures, their spectral emis- 


_ sivity would also be about 0.35. 


CONCLUSIONS 
The corresponding values of true and 
apparent temperatures for the various 
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electrical heating element materials jy 
air and in hydrogen, are given in Table] 
The corresponding values for the nickel. 
chromium and nickel-chromium-iron al. 
loys in air are accurate to about 4 deg 
at 2200 F. This is equivalent to an up. 
certainty of about 2 per cent in the 
determination of the emissivity. The 
corresponding values for the alloys con- 
taining aluminum are accurate to about 
10 deg. at 2200 F. This is equivalent 
to an uncertainty of about 4 per cent 
in the determination of the emissivity. 
The greater part of this uncertainty is 
attributed to real differences in the char- 
acteristics of the oxide or oxides formed 
under slightly differing conditions. 
The corresponding values of true an¢ 
apparent temperatures for the alloys 
in hydrogen apply for a particular at. 
mosphere of hydrogen which was sufi- 
ciently free from oxygen to prevent the 


formation of any oxide on the nicke: 


chromium and nickel-chromium-iron a 
loys but not sufficiently free from ox: 
gen to prevent the formation of an oxide 
on the alloys containing aluminum 
The values for the alloys containix 
aluminum may be used for these alloys 
in hydrogen atmospheres less pure that 
the one used in this work, but the value 
for the nickel-chromium and _nicke:- 
chromium-iron alloys should not te 
used for these alloys in an atmospher 
appreciably less pure than the one use 
in the determinations. Inasmuch as the 
values for the nickel-chromium at 
nickel-chromium-iron alloys apply {« 
the unoxidized metal, they may lé 
used for these alloys in any atmospher 
which will maintain these alloys fre 
from oxide. The results obtained « 
other alloys indicate that if the ire 
chromium-aluminum and _iron-chtv 
mium-aluminum-cobalt alloys wet 
maintained free from oxidation at hig 
temperatures, the corresponding value 
of true and apparent temperature woul! 
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be essentially the same as those for the 
nickel-chromium alloy. 

Atmospheres which are ordinarily con- 
sidered reducing will not necessarily 
prevent the formation of an oxide on the 
alloys used for electrical heating ele- 
ments and an atmosphere which will 
prevent the formation of an oxide on one 
class of material will not necessarily 
prevent the formation of an oxide on 
other classes of material. The emis- 
sivity of any of these alloys in such an 
atmosphere will depend upon the initial 
condition of the surface (whether oxi- 
dized or polished), the atmosphere, the 
temperature, and the conditions of 
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| 


heating. The emissivity of the surface 
of a material in these atmospheres may 
have any value between 0.35 (that of the 
metal) and the value in air, depending 
upon the composition and thickness of 
the oxide film. A simple way of ob- 
taining an approximate value for the 
emissivity under such conditions is not 
available. If it is practicable, one 
method of obtaining an approximate 
value for the emissivity of the surface is 
to drill a small hole (which will approxi- 
mate black-body conditions) in a sample 
of the material and sight an optical 
pyrometer alternately at the hole and 
upon the surface. 
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THE SPECTROGRAPHIC ANALYSIS OF TI 


By J. WARREN STEWART! 


SYNOPSIS 


Previous works on the quantitative spectrographic analysis of tin are dis- 
cussed and their shortcomings indicated. The use of a large quartz Litrow 
spectrograph in the logarithmic sector wedge method is described. The selec- 


tion of excitation conditions for quant 
discussed and data given concerning 


itative analysis of the spark technique is 
the general procedure. The technique 


used to secure uniformity and accuracy in the preparation of standard alloys 


is given. Selection of spectrum lines 


for internal standards and the prepara- 


tion of working curves are discussed. Use of the working curves and some 


general considerations of their shape 
analysis of antimony in concentration 


are presented. Working curves for the 
s between 0.01 and 0.5 per cent, bismuth 


between 0.003 and 0.1 per cent, copper between 0.001 and 0.05 per cent, iron 
between 0.002 and 0.1 per cent, and lead between 0.01 and 0.5 per cent in tin 
are illustrated. The method used in measuring spectrum lines is described, 
and the accuracy of which the method is capable is considered. 


When the need arose for the frequent 
analysis of commercial as well as espe- 
cially pure grades of tin, it was decided 
that a spectrographic method would 
best fit the requirements for accuracy, 
speed, and ease of manipulation. 
Chemical methods seemed out of the 
question, both because they would be 
too time-consuming for the routine 
analysis of a large number of specimens 
and because they would not give ac- 
curate results for low concentrations of 
impurities. 

The literature on this subject has been 
reviewed recently by Smith.? This sur- 
vey disclosed that a great deal of original 


work would be required to set up a 


suitable scheme of analysis. 
It was decided not to use the micro- 
photometer for measuring spectral line 


1 Metals Research Laboratory, Carnegie Institute of 
Technology, Pittsburgh, Pa. 

2D. M. Smith, “The Spectrographic Analysis of Tin,” 
Technical Publications, Internat. Tin Research and De- 


velopment Council, Series A, No. 46. -_ 


intensities as described by Meggers, 
Kiess and Stimson* and also by Fol- 
lett,‘ since the sensitivity of this method 
falls off for very low line intensities 
The work of Smith,? who extended the 
methods of Gerlach and Schweitzer’ to 
cover a number of impurities in tin, 
was inadequate since the homologous 
pairs of spectral lines which are the 
basis for this method do not contin 
uously cover the range of impurity 
concentrations found in commercially 
pure tin. It was finally decided t 
follow the work done on the logarithmic 
sector method by Hitchen.® 

3 W. F. Meggers, C. C. Kiess and F. J. Stimson, “Prac 
tical Spectrographic Analysis,’ Scientific Papers, Nat 
Bureau Standards, Vol. 18, No. 444, pp. 235-255. 

4D. H. Follett, “A Photometric Method Suitable for 
Spectrum Analysis,” Journal of Scientific Instrumens, 

ol. 13, pp. 221-228 (1936). eae: 

5W. Gerlach and E. Schweitzer, “Die Chemische 
Emissionsspektralanalyse,” I. L. Voss, Leipzig (1929). 

S. Hitchen, “‘Quantitative Estimation of the 
purities in Tin by Means of the Quartz Spectrograph, 
Transactions, Am. Inst. Mining and Metallurgical Engr. 
= 104, pp. 353 359 (1933) (Technical Publication Ne 
494). 
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Changes had to be made in the 
procedure, however, since many of the 
tins to be analyzed had impurity con- 
tents considerably below those used by 
Hitchen. This necessitated the collec- 
tion of much original material, which is 
presented in the form of working curves 
in this paper. 

The accuracy of the log sector method 
of analysis is well established as being 
within at least 10 per cent of the amount 
of the impurity present, which ade- 
quately satisfied present requirements. 


Fic. 1.—Logarithmic Sector Disk. 


The method also has advantages in the 
ease with which measurements can be 
made, since it is necessary simply to 
measure lengths of spectral line traces 
on the photographic plate. The need 
for calibrating the photographic mate- 
rial is eliminated since the line intensi- 
lies, as reduced by the log sector, are 
read at equality. 


The apparatus consisted of a Hilger 
Litrow E-1 quartz spectrograph of 130- 
cm. focus, a logarithmic wedge sector 
having a sector opening ratio of 1 to 
100 per inch, a quartz lens for focusing 
the source, a source aligning device, 
and a spark stand with adjustments for 


centering the source. The log sector 
disk was placed as close to the slit of the 
spectrograph as possible, the distance 
separating them being 1.5 cm. The 
quartz focusing lens was placed 2 cm. 
from the sector and the electrode holders 
adjusted so as to throw an image of the 
source on the collimating lens of the 
spectrograph. In the present case this 
required a distance of 25 cm. from the 
focusing lens to the electrodes. 

The sector was of rather unconven- 
tional design, the log curve being re- 
versed from the usual position, as shown 
in Fig. 1. This places the smallest 
openings of the sector at a greater dis- 
tance from the center of the disk, and 
the disk can be cut more accurately 
since the circumferential distances are 
greater. The maximum sector opening 
of 180 deg. is only half that of the 
conventional sector. This makes it 
necessary to double the length of ex- 
posure. This is not a serious draw- 
back, however, since the exposures are 
not long. 


Excitation: 


Arc excitation in graphite electrodes 
was tried but proved unsatisfactory 
owing, undoubtedly, to factors which 
could be overcome. It was found that 
SnCl, and BiC}; were lost from the elec- 
trodes due to volatilization while dry- 
ing, and that the high background den- 
sities encountered due to impurities in 
the graphite and cyanogen bands in the 
longer wave lengths caused a loss in 
sensitivity. Also analysis for low con- 
centrations of bismuth was found to be 
impractical by the log wedge sector 
method, since a weak tin arc line at 
3067.8 A is too close to the persistent 
bismuth line at 3067.73 A for accurate 
measurements to be made visually. 

The spark technique eliminates these 
difficulties and was found to give 
sufficient sensitivity for analyzing com- 


mercially pure tin. 
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The electrical apparatus consisted 
of a transformer connected through a 
variable resistance to a 220-v. 60-cycle 
power line. The maximum voltage at 
the secondary was 23,000 v. All ofthe 
work presented here was done with the 
variable resistance adjusted to give 
15,000 v. A capacitance of 0.002 uf. 
was used in parallel and a self inductance 
of 0.012 mh. in series with the secondary. 
The current through the primary of the 
transformer was 1.50 amp. These 
values were maintained throughout the 
work. 

It was found that this technique gave 
a very steady spark which showed no 
tendency to spark preferentially to the 
grain boundaries or to any constituents 
of the electrodes. Also, no difficulty 
from the formation of tin oxide was 
experienced under these conditions. 
Hitchen® experimented with various 
spark excitations and found that con- 
ditions very similar to those used in this 
case gave the most satisfactory re sults. 


Standard Alloys: 


All of the standard alloys were pre- 
pared by making up master alloys and 
diluting to give the various concentra- 
tions desired. Chempur tin and oxy- 


gen-free high-conductivity copper, 
special high-purity Cerro de Pasco 
bismuth, hydrogen-purified carbonyl 


iron, commercial soft lead, and Baker’s 
c.p. antimony were used in making the 
master alloys. 

The bismuth, lead, and antimony 
alloys were melted in Pyrex glass beakers 
under paraffin and solidified quickly by 


playing a cool air blast on the outside, 


of the beaker. The copper alloy was 
in the same manner except that 

a flux of 70 per cent zinc chloride and 
30 per cent ammonium chloride was 
used in place of paraffin. This method 
of casting was found to give very 
homogeneous alloys. The iron alloy 
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was melted in a clay crucible under , 
cover of calcium oxide and cast in 4 
narrow iron trough to secure fast freez- 
ing. Even with this treatment the ends 
of the casting were low in iron. 

Chemical analyses were made on al] 
master alloys to find the actual alloy 
content and to detect any inhomo- 
geneity which might affect the 
composition of the standard alloys, 
Three samples were taken from each 
master alloy, one from the center of the 
casting and two near the edge. The 
results are given in Table I. 


TABLE I. 
58/82) 
4.24 4.84 | 2.62 | 5.00 | 4.63 
4.34 4.86 | 2.68 | 5.01 | 4.59 
d 4.24 | 4.87 | 2.52 | 4.96 | 4.59 


“W.W. Scott, “Standard Methods of Chemical Analy- 
sis,” Third Edition, Vol. 1, pp. 184-185 (Sulfide separation, 
electrolytic deposition). 

ow: Scott, Jbid., 

CA. Leighton, ‘ ‘Seondard Method for the Analysis 
of Pure Tin’ Australia Department of Defense Munitions 
Board, May 1936. 

. Scott, bid., p. 271. 

ew. W. Scott, "Ibid, p. 26. 


The various concentrations for mak- 
ing working curves were made up by 
adding weighed amounts of the master 
alloys to high-purity tin. Special high- 
purity tin made by the Vulcan Detin- 
ning Co. was used for the lower 
concentrations of copper and bismuth, 
while Chempur tin was used for all other 
alloys. 

These alloys were cast in Pyrex tubes 
of 5-mm. inside diameter under a cover 
of paraffin. This glass tube was joined 
at the open end to a Pyrex tube of larger 
diameter and sealed at the other end 
so that the molten metal could be 
poured back and forth to facilitate 
thorough mixing of the constituents. 
Care was taken not to heat the bismuth 
and antimony alloys higher than neces 
sary to guard against loss of thes 
volatile elements. The alloys wert 


frozen 
with t 
segres 


$n 
> > ' 


Sn 3223.717 Fe 3021.08¢™- 
+ + + + 


+ 


of. 
“1. 
Fic. 
Using 
3247.5 
0. 
=I. 
at. 
Fic 
the L 
Elect 
x. 
man: 
whic 


STEWART ON SPECTROGRAPHIC ANALYSIS OF TIN _ 701 


frozen quickly in the 5-mm. glass tubing 


to chisel points of about 60 deg. The 
with the aid of a cool air blast to prevent 


segregation. 
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Fic. 2.—Working Curve for Copper in Tin, 


Using the Line Pair Tin 3223.71 A and Copper 
3247.5 A. 
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the Line Pair Tin 3223.71 A and Iron 3021.08 A. 


Electrodes: 


The standard alloys cast in this 
manner were cut in half and the ends 
which had been in the center were filed 


—Working Curve for Iron in Tin, Using 


pointed edges were filed down to give 
sparking surfaces of 5 by 1 mm. 
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Fic. 3.—Working Curve for Bismuth in Tin, 
Using the Line Pair Tin 3223.7 A and Bismuth 
3067.73 A. 
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Fic. 5.—Working Curve for Lead in Tin, Using 
the Line Pair Tin 2788.0 A and Lead 2833.07 A. 


These electrodes were mounted in the 
spark stand with a distance between 
them of 4 mm. After centering, the 
electrodes were sparked for three minutes 
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with a spectrograph slit width of 0.04 


mm. Eastman 40 plates were used and 
were developed 3 min. in Eastman D-11 
developer. 


Working Curves: 


To secure a null method with respect 
to slight changes in excitation conditions, 
exposure, and development, the _in- 
ternal standard method was used. The 
intensity of a spectral line of the ele- 
ment in question was compared with the 
intensity of a tin line by measuring the 
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Fic. 6.—Working Curve for Antimony in Tin, 
Using the Line Pair Tin 2593.0 A and Antimony 
2598.08 A. 


length of their traces on the photo- 
graphic plate. The lines employed were 
chosen for their proximity to one 
another, their similarity of excitation, 
their similarity of appearance (well 
defined or diffuse), and their intensity at 
the concentrations used. In the case of 
copper, bismuth, and lead, pairs of 
lines recommended by Smith? were 
used. It was found that the antimony 
line at 2598.08 A was more persistent 
under the excitation conditions used 
than the antimony line at 2528.5 A. 

The lengths of the lines were meas- 
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ured on an accurate comparator using 
a6 X magnifier, the spectrograms bei 

illuminated with diffuse light from th 
back. Experience indicates that th 
error of reading is less than 0.2 mm 

The working curves obtained by thi 
procedure are plotted in Figs. 2 to ( 
by the use of what is really a log-ly 
plot, since the logarithmic sector dis, 
gives a logarithmic significance to the 
lengths of the spectral lines. Such , 
plot of the log intensity versus the ly 
concentration gives a straight line excep! 
at the higher concentrations where s¢ 
reversal becomes appreciable and cause 
a decrease in the slope of the curve. The 
flatness of the curve in the higher con- 
centrations decreases the accuracy of the 
method, since the error in measuring 
line lengths produces a larger error ir 
the analysis than it would on a portico 
of the curve which is steeper. 

The lower limit of the method i 
reached only when the concentratic 
of the element is so low that it gives 
line on the photographic plate. 

In making the working curves, sever 
alloys of the highest concentration use 
were made up for checking purpose 
The maximum variations are shown }) 
the two points recorded in each of thes 
curves. The copper and bismuth curve 
were further checked at lower concet: 
trations, and the points showed ver 
good agreement. It was decided, ther 
fore, that it was unnecessary to chet 
further the points corresponding | 
lower concentrations of iron, lead, at! 
antimony, since they lie on the line 
portions of the curves and thus chet 
one another. . 

The working curves are used in th 
analysis of the material whose compo 
tion is sought. Measurements are ma 
of the lengths of the line pair used ® 
making the working curve for 
element in question. The difference“ 
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the lengths of the two lines is then trans- 
lated into percentage composition of 
element with the aid of the working 


After an examination of both the arc 
and spark methods, it has been found 
that the spark method holds advantages 
over the arc method for quantitative 
analysis of tin by the log wedge sector 
method with respect to ease of use, 
rapidity, uniformity of results, and, in 
the case of analysis for bismuth, 
sensitivity. 

Working curves have been set up for 
the quantitative analysis of copper in 
tin covering a range from 0.001 per cent 
to 0.05 per cent, bismuth in tin from 
0,003 per cent to 0.10 per cent, iron in 


Summary and Conclusions: 


tin from 0.002 per cent to 0.10 per cent, 
lead in tin from 0.01 per cent to 0.50 
per cent, and antimony in tin from 
0.01 per cent to 0.50 per cent. 

It is hoped that the work presented 
in this paper will be of assistance to 
those interested in a quick convenient 
method for the analysis of commercial 
grades of tin for their major impurities 
with a minimum of costly and cum- 
bersome equipment. 
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Mr. T. A. Wricut.'—I find Mr. 
Stewart’s experience with the log sector 
interesting. Ours was somewhat dis- 
couraging, not on tin but in general on 
the use of the logarithmic sector, be- 
cause we found it almost impossible to 
get the assurance we should have in 
regard to the length of our wedge. I 
am wondering just how Mr. Stewart 
gets that assurance in general. What 
would be an average error in line meas- 
urement? In the range of 0.2 mm.? 

I should like to ask further why the 
method was not tried for silver and 
nickel, which are in general run on re- 
fined tin, and why not for cobalt and 
zinc, which are sometimes, but rarely, 
run. Did the author find, as we did, 
some time ago—that indium is often a 
component of tin? 

Silver will be found in all of them, as 
far as I know. We have no difficulties 
whatever with the arc solid method in 
obtaining bismuth in the fourth decimal 
place. 

Mr. J. WARREN STEWART? (author’s 
closure).—1 am very glad to have this 
discussion by Mr. Wright, since I know 
he has had a great deal of experience with 
spectrographic analysis and since he has 
brought up some important and interest- 
ing points. I think that the arc excita- 
tion is not so good for tin analysis be- 
cause it is difficult to read the bismuth 
line at 3067.716 A, since it is masked by a 


1Technical Director and Secretary, Lucius Pitkin, 
Inc., New York City. 

2 Metals Research Laboratory, Carnegie Institute of 
Technology, Pittsburgh, Pa. 


DISCUSSION 


weak tin arc line at 3067.755 A; how. 
ever, I imagine that if one used an jp. 
strument of higher dispersion it might lx 
possible to separate these two ling 
sufficiently. 

As to the satisfactory nature of the 
log wedge sector, we had a great deal ¢/ 
trouble reading line lengths at first. |: 
often appears that the end of a lines 
reached, but a little farther on there ar 
seen clusters of silver grains which mak 
it difficult to decide on the true line 
length. However, after experience ha 
been gained, quite satisfactory results 
are obtained. The value 0.2 mm., whic! 
Mr. Wright mentioned, was the mai: 
mum error in reading the length of the 
spectral lines. This error was the same 
no matter how long the line was. M: 
Wright’s experience with regard to silver 
nickel, cobalt, and zinc in tin differ 
somewhat from ours. However, it mus 
be remembered that our work was on tht 
brands of tin of the highest commerci: 
purity. 
reported in the literature as follows 
Banka, 99.983 per cent tin; Straits Trat 
ing, 99.844 per cent tin; E. S. Co 
99.892 per cent tin; and Tulip Refine! 
99.870 per cent tin.’ Lately we hav 
tested tin in which we found silver, a0 
have started work on analyzing for it! 
tin. In regard to the reference to i 
dium, we have noted traces of it = 
several brands of tin. 


*Statistical Year Book, Internat. Tin Research 3 
Development Council (1937) 


The purity of these brands sf 
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SPECIFIC SURFACE AND PARTICLE SIZE DISTRIBUTIO 
FINELY DIVIDED MATERIALS 

By M. N. States! 


General equations are given for specific surface and particle size distribution 
of finely divided materials. Through the use of these equations the Wagner 
method may be applied to fineness studies in which various particle size 
ranges are used. Corresponding expressions for the portland cement schedule 
may be derived from the general relationships. Analysis of the fundamental 
principles of the Wagner method, the working equations and various sources of 
experimental error indicate that the accepted experimental technique may be 
considerably simplified. An instrument and accessories are described which 
lend themselves to the use of the simplified procedure for fineness measure- 

results ments. Data are shown, using portland-cement samples prepared by the 
alti National Bureau of Standards, which are illustrative of the technique and 
| which support the theoretical conclusions. 
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A number of optical methods have 
been described for the measurement of 
particle-size distribution and _ specific 
surface of finely divided materials. Per- 
haps the most widely used procedure is 
that devised by Wagner? for portland 
cement, In this method the particles 
are dispersed in a suitable liquid medium 
and, as the particles settle, observations 
are made on the varying transmission 
factor of the suspension at a reference 
level below the surface of the liquid. 
It is assumed that the particles obey 
Stokes’ law of fall. Accordingly, of the 
various sizes of particles originally at 
the surface of the suspension, the larger 
pass the reference level sooner than do 
the smaller. At a particular instant 


* Director of Research and Development, Central 
Scientific Co., Chicago, Ill. 

_ *L. A. Wagner, ‘““A Rapid Method for the Determina- 
tion of the Specific Surface of Portland Cement,” Proceed- 


(83 Soc. Testing Mats., Vol. 33, Part II, p. 553 


when all particles larger than dy have 
passed the reference level, it is assumed 
that the surface area of all particles of 
size less than dy is proportional to the 
instantaneous value of the negative 
logarithm of the transmission factor 
Through use of these two basic assump- 
tions, expressions may be derived for the 
specific surface and particle distribution 
which lend themselves to measurement. 

Stokes’ law may be written in a suit- 


ably modified form 


18hu xX 10° 


(1) 


where ¢ is the time in seconds required 
for particles having diameters dy to 
settle a distance # cm. in a me- 
dium whose density and viscosity are 
respectively P2 g. per cu. cm. and 
u poises. P; is the density of the 
dispersed particles in grams per cubic 
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centimeter and g is the acceleration 
of gravity in centimeters per second per 
second. The transmittancy relation is 


Sa = —c log (4/Io) 


= ¢ (log Ip — log Ia) (2)3 


where Sq is the surface area in square 
centimeters of all particles smaller than 
du, c¢ is the proportionality factor, as- 
sumed constant for all concentrations 
whose transmissions lie within a moder- 
ately limited range near unity and for all 
particle sizes. Jo is the intensity of the 
light transmitted by the dispersing 
medium when no particles are present 
and J, is the instantaneous value of the 
transmitted light intensity at the time 
all particles greater than dy have settled 


TABLE I.—COMPARISON OF RESOLVING POWER 
OF THE PHOTELOMETER AND WAGNER 
TURBIDIMETER. 


Particle Photelometer 


a = 0.1 cm. 


Wagner Turbidim- 
eter, a = 1.27 cm. 


4, cm. R 


below the reference level. Since it is 
the usual practice to measure the light 
intensities by means of a self-generating 
type of photocell which is operated 
under such conditions that its current 
response is directly proportional to the 
light intensity, the quantities Jo, Ia, etc., 


are measured in microamperes, or in 


arbitrary units of a uniformly scaled 
instrument having 100 divisions. 
SPECIFIC SURFACE AND PARTICLE SIZE 


The specific surface S is defined as the 
surface area of all particles of size less 
than d,, u per gram of entire sample. A 
procedure based on the assumptions 


4 Base 10 logarithms are used in this analysis. 


ds 
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previously mentioned and explicitly 
stated in Eqs. 1 and 2, and similar to 
that described by Wagner, leads to the 
general expression for specific surface, 


1200 r (log Io — log Im) 
Py [>> d log 7] 


where the bracketed summation is an 
abbreviation of the general expression 


z=m 


log I] = (ds41 — dy_1) log I, 


— dm log In 


in which d_, dy and d,, 4 ; are arbitrarily 
set equal to zero. 

In addition to the quantities pre- 
viously defined, J;, J2,...Im are the 
instantaneous values of the transmitted 
light energy at instants when all parti- 
cles greater than d, de,...dmu have 
settled below the reference level, andr 
is the weight percentage of the entire 
sample comprising particle sizes less 
than d,, 

For the portland cement schedule in 
which d;, d2, d3,...dm correspond to 
7.5, 10, 15,...60 u, Eq. 3 reduces to’ 


1200 r 


S P, 


. (2 — log Ie) 
10(1.5 + log I7.5 + 0.75 log S10 
flog lis + + log Iss 
— 11.5 log I). (5) 


One may also derive a general expres 
sion for particle size distribution, the 


4In deriving the expression corresponding to Eq. 5 
Wagner apparently assumed the average particles withia 
the range 7.5 to 10 w to be 7.5 yw instead of 5.75 6. con- 
sequence his expression for specific surface differs from 
Eq. 5 by a transposition of the coefficients of log J1 s a4 
log Jio. Since the Wagner expression for specifi¢ sur 
has been widely qaepeee for portland cement, the Wagnt 
equation is used in this study. For studies on other finely 


; divided materials, the expansion of Eq. 3 is to be preferred. 


| 
wel 
Vs 
I 
I 
I 
I 
} 
du h, cm 
oe 3.1 1.03 15.0 0.394 
| a 3.1 2.07 15.0 0.788 
25 2.48 13.1 0.827 
in 
set 
for 
we 
age 
ex 
ex] 
ass 
the 
cel 
9 
— | 


sion 


ile in 
id to 
to! 


STATES ON SPECIFIC SURFACE AND PARTICLE SIZE _ 797 


weight percentage of the entire sample 
Y,, having diameters less than d; p. 


Ve = d log 

z=0 


— d, log (6) 
_ 


TABLE II.—SPECIFIC SURFACE AND PARTICLE DISTRIBUTION TESTS. 
Sample, N.B.S. No. 114a. Percentage passing No. 325 sieve, r, 88.7. 
Density, Pi, 3.15 g.percu.cm. Temperature of suspension, 71 F. 
Date, April 13, 1937. Viscosity, dispersing medium, 0.0175 poises. 


Density, dispersing medium, 0.79 g. per cu. cm. 

Depth of suspension to reference slit, 4, 3.10 cm. 
Yz = Weight percen 
Y,(a) = Average weight percentage of five tests. 


e of all particles less than dy in diameter. 


range 7.5 uw to 10 uw is taken as 8.75 yu 
instead of 7.5 u as apparently assumed 
by Wagner. Weight percentages in 
Table Il were computed by means of 
Eq. 6 which was modified to conform to 
the Wagner assumption. 
RESOLVING POWER 


On the assumption that the particles 
are completely dispersed, at zero time, 
the transmission factor of the suspension, 


Test No. 1 


Test No. 2 


~ 
a 


log Ia 


~ 


log Ia 


8 


1.6758 
(1.2762) 


(1.5000)% 
1.3404 
1.3424 


00 00 CO 

ON 


88.7 
87.1 
84.7 
80.0 
74.9 
72.0 
67.3 
60.9 
$2.4 
40.9 
28.8 
24.8 


Anon 


1.5159 
(1.1726) 


Total = 18.6500 
11.5 log Iso = 17.8560 


1/10 [2d log I]* = 0.7940 


= 1.7016 
log = 1.5527 
2 — log Ie = 0.4473 
X X 0.4673 = 1906 sq. cm. per g. 
3.15 X 0.7940 


* 0.75 log 100. 
bo75 log I7,5. 


© Summation Eq. 4 changed to conform to the Wagner expression for S. 


in which dp and d, ; are arbitrarily 
set equal to zero. This equation is valid 
for the determination of a series of 
weight percentages for the selected 
particle sizes of a particular test. The 
usual portland cement weight percent- 
age may be determined by the repeated 
expansions of Eq. 6. However, in the 
expansion, the average particle size is 
assumed to be the average size within 
the range; that is, for the portland 
cement schedule the average size in the 


Total = 16.5634 
11.5 log Iso = 15.3927 


1/10 [2d log = 1.1707 


= 1.5635 

log = 1.3385 

2- log Teo = 0.6615 

S = 120 X 88.7 X 0.6615 
3.15 X 1.1707 


log I7,5 


ad 


= 1912 sq. cm. per g. 


at the reference slit, is produced by the 
combined effect of the particles of all 
sizes present in the suspension. At 
various subsequent instants all particles 
larger than dy, in accordance with Eq. 
1, have passed the reference level, and 
the light transmission results from 
absorption and scattering by particles 
smaller than d uw. Since the slit has a 
finite width and since particles of larger 
size reach the reference level before those 
of smaller size, a uniform distribution of 
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particles of size less than dy does not 
occur within the area of the slit. In 
fact, a particle size gradient, with respect 
to vertical slit width, obtains for a range 
of particles having limiting diameters 
defined by Eq. 1 for the top and bottom 
of the slit. This suggests that the slit 
width may have a definite bearing on the 
accuracy of results obtainable with a 
particular instrument, and that a narrow 
slit may be desirable. 

By Eq. 1 we may determine, at any 
instant, a particle size d, defining a 
boundary level h;, above which all parti- 
cles are smaller than dj. Likewise we 
may determine a level 4g above which 
all particles are smaller than doy. 
(Fig. 1.) As explained above, a particle 


i 

d, Ad=do-d, 

a / Zh 
Lh *ho-h, 


Fic. 1.—Vertical Cross-section of Slit a. 


size gradient, Ad/Ah, occurs between 
these boundaries, where Ad = (dz — d;) 
and Ah = (dg — h,). For the transmit- 
tancy relation, Eq. 2, to be precisely valid, 
either this gradient or the slit width 
would have to be zero. In actual prac- 
tice neither of the conditions is fulfilled. 
A measure of the extent of this non- 
uniform distribution is the particle size 
gradient times the slit width. By 
analogy with resolving power in optics, 
the reciprocal of this quantity may be 
defined as the resolving power: 


1 
R= (7) 

_ In view of Eq. (1), 
R = (2h)/(ad)......... (8) 


From Eq. 8 the resolving power of the 
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&* 


instrument is not only a function of the 
height of fall # and slit width a, but also 
the particle sized. A comparison of the 
resolving power of the Photelometer 
and the Wagner turbidimeter is shown 
in Table I for several particle sizes, 
Computations for resolving power are 
based on the use of both instruments jn 
the measurement of specific surface of 
portland cement. The Photelometer js 
seen to have the larger resolving power 
for all particle sizes. 


PRECISION OF MEASUREMENT 


It is generally recognized that the 
fundamental assumptions underlying 
Eq. 5 may be quite at variance with 
actual physical conditions. For exam. 
ple, the particles are certainly not 
spherical and, in settling, probably 
deviate from Stokes’ law. Furthermore, 
the transmittancy relation, Eq. 2, is 
probably valid only within a limited 
range of transmission factors near unity. 
To the extent that the assumptions are 
not realized, or that deviations from 
assumptions are non-compensating, the 
experimental value of specific surface 
is in error. In the case of portland ce- 
ment surface areas determined by the 
Wagner procedure may be greatly in 
error. Gran® points out, “One often 
finds results of specific surface recorded 
to the nearest square centimeter per 
gram, when in actuality the nearest 
hundred square centimeters represents 
a degree of accuracy that is unobtain- 
able.” However, this situation does 
not vitiate the value of the measure- 
ments since absolute values of specific 
surface. are, in many instances, not 
significant. So long as precise relative 
measurements may be made and checks 
obtained among various laboratories 
and on different instruments, the value 
of the tests is unimpaired. 


5 J. R. Gran, “Some Suggested Practices in the 
timation of Particle Size Gradation of Granular Malt 
rials,” ASTM BuLtietIn No. 88, October, 1937, p. 19- 
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Aside from these inherent fundamental 
discrepancies in the Wagner proce- 
dure, it is worth while to examine Eq. 5 
for significant experimental errors. The 
value of S as determined by this expres- 
sion, on either the Photelometer or the 
Wagner turbidimeter, depends upon 
several observations, each of which is 
susceptible of error. The influence of 
each of these errors on the value of S 
may be determined by taking the partial 
derivative of S, in Eq. 5, with respect to 
each of the observations, I75, Z10, Jus... 
Is, I¢o. The total error in S is the sum 
of the individual errors. Consequently, 


Yas _ 


0.434 S 


S (100/T¢0) 


[ears ~G/S) — + Also + 


Ts5 Tso 
Tho Ths 


where, in addition to quantities already 
defined, ZAS/S is the fractional error 
in the specific surface arising from vari- 
ous fractional errors in the instrument 
observations, and G = 120 r/P;. For 
the National Bureau of Standards’ 
sample 114b, for which S = 1910, 
r= 88.9 and P; = 3.15, Eq. 9 reduces to 


0.45, 
S log (100/Teo) 


(Ae 4 Ale Alo 


I 55 Is 
0.75 | (10) 


Tes 


For a +0.1 division error in Teo, the 
value J¢ ranging from 15 to 30 divisions, 
the error in the specific surface varies 
from +1.9 to 1.5 per cent. Although 
the microammeter may be read to 0.1 
division, deviations from uniform cali- 
bration at a given portion of the scale, 


AT 


as well as errors arising from observing a 
moving needle and making the reading 
without parallax, suggest 2 per cent as 
the lower limit of error in specific surface 
from this cause alone, by the most skilled 
operator. Obviously, error in specific 
surface contributed by any of the other 
observations is negative and about one- 
tenth as great. It can be shown that 
the minimum error in specific surface 
occurs when J¢9 is 36.8 divisions. In 
general, therefore, suspension concen- 
trations should be adjusted so that the 
initial reading is about 30 divisions. 
While it may be unfortunate that 
errors in J69 have such a marked influ- 
ence on the value of the specific surface, 
a careful examination of Eqs. 9 and 10 
reveals fortunate compensations. In 
the Photelometer technique to be de- 
scribed later it has been found possible 
to take advantage of these. For port- 
land cement, twelve observations are 
made: to J75. Beginning with 
each observation is larger than the pre- 
ceding. Consequently, the fractional 
errors Al¢o/I¢0, AIss/Iss, . . - 7.5/I7.5 are 
successively smaller for equal errors in 
individual observations, and, under such 
circumstance, the eleven negative con- 
tributions to error in specific surface 
largely offset the error introduced by the 
Igo term. Hence errors in technique or 
in the instrument which produce either 
equal positive or equal negative errors 


in the microammeter indications may be 


tolerated. 

Perhaps the most obvious and the 
most striking illustration of the type of 
instrument error which has no appre- 
ciable effect is an incorrect zero setting — 
of the microammeter. Such an error 
increases or decreases each of the obser- 
vations by the same amount, and the 
positive and negative errors cancel. 
For example, if one division is added to 
each of the readings in the first set of — 
data of Table II, the change in specific a 
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surface is less than 5 parts in 2000. 
On the other hand if Jo is changed by 
only 0.1 division, the other readings 
remaining the same, the variation in 
specific surface is about 2 per cent. 

If the J setting is not exactly 100, but 
if the standard setting remains constant 
during the run, precise values for the 
specific surface may be obtained. The 
compensating effect is perhaps not so 
striking or so complete as in the first 
illustration, but the Photelometer yields 
acceptable values when J) is 100 + 3 
divisions. 

It is difficult to believe that the 
itethod prescribed in A.S.T.M. Tenta- 
Tve Method of Test for Fineness of 
Portland Cement by means of the 
murbidimeter (C 115 — 38 T)° for setting 


the Wagner turbidimeter to the stand- 
ard setting, Jo = 100, is precise. As- 
suming the original setting to be correct, 
it is too much to expect the setting to 
hold from day to day throughout the 
life of the light bulb. It is conceivable 
that the success of this procedure may 
be attributed to a compensation of 
errors. In the opinion of the author, 
the use of a standard sample in securing 
a standard setting is entirely unneces- 
sary. 

Unavoidable small differences in the 
height of fall 4 in successive runs without 
corresponding changes in time sched- 
ule is an example of a source of error 


* Proceedings, Am. Soc. Testing Mats., Vol. 38, Part 
I, p. 746 (1938); also 1938 Book of A.S.T.M. Tentative 
Standards, p. 483. 


which is self-compensating. Attention is 
called to Table IV. In these representa- 
tive tests the height of fall was deliber- 
ately changed by 12 per cent without 
significant variation in specific surface. 
To effect this change in 4, kerosine was 
added to the original sample. There- 
fore, all of the data shown were taken 
with a single set of particles, the sample 
being redispersed three times in the first 
test, twice in tests 2 and 3. 

Perhaps the most significant predic- 
tion of Eq. 10, which greatly simplifies 
the technique described by Wagner, is 
that moderate differences in tempera- 
ture of the suspension at which different 
runs are made are unimportant. From 
Eq. 1 the times for making readings are 
directly proportional to the viscosity um, 


M 


Fic, 2.—Schematic Diagram of the Photelometer Arranged for Fineness Measurements. 


This quantity is a function of the tem- 
perature, but changes in viscosity pro- 
duce the same effect on the calculated 
specific surface as changes in the height 
of fall. Consequently, considerable 
change in the viscosity, and therefore 
the temperature of the suspension, may 
be tolerated, and the use of a timing 
burette eliminated in favor of the more 
precise signalling clock. 

Automatic temperature compensation 
is not so complete when changes in 
temperature take place in the ‘suspension 
during a run. Such changes in tem- 
perature are to be avoided, especially 
if the time for making the initial reading 
is in excess of a few seconds. The 
correction does not apply for eddy 
currents produced by temperature con- 


di 
M 
of 
te 
lo 
cl 
te 

| 

4 

= 


ditions as described by Ponzer and 
MacPherson.” However, the dimensions 
of the absorption cell used in the Pho- 
telometer and the practice of using a 
long narrow slit of light reduce eddy 
current effect to the minimum. 


THE PHOTELOMETER 


A schematic diagram of the Pho- 
telometer, as arranged for measurement 
of specific surface and particle size 


Fic. 3.—Photelometer and Accessories Arranged for Fineness Measurements. 


distribution, is shown in Fig. 2. Light 
from the source Lt passes through the 
heat absorber F, the iris diaphragm /, 
the lens L, the reference slit S;, the 
suspension S, and the shielding slit S. 
to the photocell Pc. The slit S; has a 
vertical width of 0.1 cm.; the slit So, 
which is parallel to S,, has a width of 
about 0.3 cm. The output of the self- 
generating type of photocell is con- 


0 "HS. Ponzer and D. R. MacPherson, “Studies of the 
peration of the Wagner Turbidimeter,” Proceedings, 
m. Soc. Testing Mats., Vol. 38, Part II, p. 441 (1938). 
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nected through a potential divider to a 
microammeter having a uniformly cali- 
brated scale of 100 divisions. The 
resistance of the potential divider is 
such as to slightly underdamp the in- 
strument, which deflects full scale for 
about 15 microamperes. 

The absorption cell is about 3 cm. 
wide, 5 cm. high, and 1 + 0.005 cm. in 
depth. The maximum amount of liquid 
suspension which may be used in the 


cell is about 15 ml. When this cell is in 
the light path the bottom of the cell is 
about 0.5 cm. below the reference slit 
and the maximum height through which 
the particles may fall is about 3.5 cm. 
For portland cement the value of / has 
usually been adjusted to 3.4 cm., requir- 
ing 13 ml. of kerosine. For extremely 
fine powders having a density of 16 g. 
per ml. the height of fall is about 2 cm. 
In use the cell is closed with a leak- 
proof cover, held in place by means of 
metal clips. 
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The light is a special 6 v. 50 c.p. in- 
candescent bulb energized preferably 
by a constant wattage transformer T 
operated from a _ constant-frequency 
power line. The light circuit is con- 
structed to maintain a constant circuit 
resistance. 

The iris diaphragm and the potential 
divider, when properly manipulated, 
produce an J, setting equal to 100 with 
the maximum horizontal slit length. 
The relatively long slit length with 
respect to the slit width (about 20 to 1) 
assures a precise average transmission 
factor for the settling particles as they 
pass the reference level. 

Readings are made at instants indi- 
cated by a signalling clock which is 
powered by a synchronous motor and 
which is operated from a controlled 
frequency power line. During the first 
minute, when the interval between 
readings is a matter of seconds, signals 
are flashed to the operator by a small 
light. Seven contacts on the clock dial 
may be set for any time schedule within 
the first minute. After the first minute, 
the operator observes the second hand 
in following the time schedule. 

The Photelometer and accessory ap- 
paratus required for making specific 
surface and particle size distribution 
measurements are shown in Fig. 3. 
The various items are: the Photelometer, 
the constant wattage transformer, the 
observation cells (1 covered, 1 with cover 
removed), and the signalling clock. 
The carriage, by means of which the 
absorption cell containing the suspen- 
sion is moved into the light path, is 
shown extending to the left. An absorp- 
tion cell containing clear kerosine is in 
the central compartment of the carriage. 


TECHNIQUE 


To determine the specific surface and 
particle size distribution of a powder, one 
must first secure a suitable liquid dis- 


persing medium. ‘The liquid will depend 
upon the kind of particles to be dis- 
persed and such factors as density and 
size of particles. Water clear kerosine, 
with a small quantity of oleic acid which 
acts as a dispersing agent, has been 
found generally useful. However, in 
studies on tooth powders, abrasive 
powders, tungsten and tantalum carbide 
powders, water and methyl alcohol 
have been used, 

With the exception of portland ce- 
ment, for which the particle size ranges 
are established, a suitable particle size 
range and corresponding time schedule 
must be determined before precise 
measurements can be made. The fol- 
lowing procedure has been found prac- 
ticable. First disperse the powder, as 
described later, in the liquid medium 
and plot a curve of meter readings 
against time. The observations should 
be made soon enough after the particles 
have been dispersed so that the first 
indications of the meter are identical. 
In this way one can determine approxi- 
mately when the last of the largest 
particles reach the reference slit and by 
means of Eq. 1 calculate their size. 
If the size determined is, say, 20 uy, a 
time schedule should be established 
with an upper size limit of 25 or 304 
so that one may reasonably assume that 
ry = 100. It may be shown that the 
use of transmission factors corresponding 
to particle sizes greater than those 
present in the suspension automatically 
cancel and have no influence upon the 
computed value of either the specific 
surface or of particle size distribution. 

After the upper particle size limit has 
been determined, a preliminary time 
schedule should be established corte- 
sponding to 8 or 10 particle sizes within 
the required range. The difference be- 
tween sizes may be from 1 to 5 yu. For 
simplicity in calculation they should be 
equally spaced. With such a schedule 
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set of readings may be taken and a 
particle size distribution computed. If 
more than 25 per cent of the particles 
are below the smallest size included 
within the preliminary schedule (Y; > 25 
per cent), the final schedule should be 
modified to include smaller particles. 
This is of extreme importance since, as 
suggested by Roller,® the upper limiting 
value for specific surface for any time 
schedule is 12 K 10*/P,d; sq. cm. per g. 
In making such adjustment the height 
of fall may be changed to secure a reason- 
able time schedule. When the various 
constants are properly chosen, the time 
schedule will probably not exceed 15 
min. 

After the time schedule has been 
determined, observations may be taken 
and computations made using Eqs. 3 
and 6, which have been expanded to 
correspond to the particle size schedule 
selected. 

In the following studies, National 
Bureau of Standards samples of portland 
cement were used to test the reliability 
of the Photelometer in the measurement 
of specific surface and particle size 
distribution and to investigate some of 
the implications of Eqs. 5 and 10. 
With the exception of Tables II and 
III, the data more specifically concern 
the latter problem rather than illustrate 
precision in measurement. Numerous 
tests, using a greatly simplified technique 
over that prescribed in the A.S.T.M. 
method C 115, have demonstrated that 
the Photelometer may be used success- 
fully in fineness measurements. The 
precision of the measurements is in 
good agreement with that predicted by 
Eq. 10. Tables II and III are repre- 
sentative samples of data. 

_ Prior to making measurements, the 
instrument must be adjusted to the 


* Discussion by P. S. Roller of paper by Ponzer and 


MacPherson, “Studies of the Operation of the Wagner 
Turbidimeter,” Ibid., p. 458. 
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standard setting J) = 100. The iris 
diaphragm, which fixes the amount of 
light passing through the suspension 
by varying the length of slit Sj, is first 
opened to the 2.0 cm. mark. The 
potential divider is then set to produce a 
meter indication of about 100 divisions. 
Final adjustment to the 100 setting is 
made with the iris diaphragm, the final 
slit length (S,) being about 2.0 cm. 
During this adjustment, an absorption 


TABLE III.—TESTS ON NATIONAL 
STANDARDS SAMPLE 114 b. 


BUREAU OF 


Deviation 
from Mean, 
sq. cm. per g. 


1950 


1940 
1940 
1922 
1940 


1870 


1918 
1953 


1920 
1905 
1918 


1877 
1910 
1865 


1850 
1850 


1907. \Avg.. .28 


Mean 


cell having exactly the same thickness 
as the one in which the suspension is 
placed and containing water clear kero- 
sine, is in the light path. In order that 
the photocell may reach a stable condi- 
tion and to prevent variation in Io 
during a test, it is advisable to allow the 
instrument to stand, after making the 
above setting, for about 20 or 30 min. 
preceding the first daily run. Between 
trials, the light is left on with the clear 
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kerosine in the light path. Final setting 
of Jo = 100 for any test is made just 
before moving the suspension into the 
light path. 

The suspensions are made by placing 
a small amount of cement in the absorp- 
tion cell which contains a measured 
quantity of kerosine. Although an un- 
weighed sample is used, the operator 
quickly acquires the ability to judge the 
required amount to produce an initial 
reading (Je) between 30 and 40 divi- 
sions. In most of the measurements 
of this study, about 0.05 g. of cement 
and 13 ml. of kerosine were used. A 
drop of oleic acid is placed in the cell, 


TABLE IV.—SPECIFIC SURFACE VERSUS HEIGHT 
OF FALL (N.B.S. NO. 114 b). 


S, sq. cm. 
per g. 


1880 
1920 
1950 


1940 
1954 


1972 
1920 


1934 


the cell is covered and vigorously shaken 


for about one minute. At the instant 
the suspension is placed in the carriage, 
the signalling clock is started. The 
cell is quickly moved into position and 
observations I¢o, Iss, ..., 17.5 are made 
according to the predetermined schedule. 

Table II illustrates measurements 
made on National Bureau of Standards 
sample No. 114 a. The value of r and 
density P;, as indicated by the Bureau, 
were used in the computations. The 
specific surface of the sample, as given 
by the Bureau, is 1900 sq. cm. per g. 
Particle size distributions are shown for 
the two individual runs, and on the 
extreme right the average of five deter- 


minations. It is believed that the 
particle size distributions are representa. 
tive for this sample. 

Seven tests on National Bureau of 
Standards sample No. 114 b are shown 
in Table III. The two entries in test 
No. 1 and four in test No. 2, etc., are 
redistributions and trials on the same 
suspension. ‘Tests were made on cement 
taken from three different ampoules of 
the standard sample; the first five, the 
sixth, and the seventh correspond to 
different sampling. The specific surface 
in test No. 7 is low. These trials are 
typical of this particular ampoule. 
Other ampoules of the standard sample 
were observed to give uniformly high 
values, as illustrated in other tables. 

In several of the tests of Table III, 


TABLE V.—DISPERSION TEST (N.B.S. NO. 114 b). 


S, sq. cm. per g. 


1980 
1850 
1840 


1838 
1990 


1900 


color filters were introduced into the 
light path. In others, various lengths 
of slit and different photocells were 
used. Such changes in procedure seem 
to have produced no significant differ- 
ence in observed values of specific 
surface. 

As previously mentioned, Table IV 
illustrates the consistent results ob 
tained for specific surface when the 
height of fall was changed without | 
making corresponding changes in time 
schedule. Successive tests were made 
after the addition of 1 ml. of kerosine, 
starting with 12 mJ. The several entries 
in each test indicate a redispersion of the 
suspension. The same ampoule of ¢t 
ment was used in this test and in those 
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of Table VI. Attention is called to the 
close agreement between the mean 
values of specific surface, which are 
about 1 per cent high. 

It might be supposed that a 0.05-g. 
sample is not representative of the 
cement. On the other hand, the precise 
results obtained and the agreement be- 
tween observed and National Bureau 


TABLE VI.—REDISPERSION TEST (N.B.S. NO. 114b). 
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near the bottom of the flask to the 
absorption cell. After adding 8 ml. of 
clear kerosine to bring the suspension 
to standard height, the suspension was 
tested in the usual manner. Results are 
shown in Table V. Two different am- 
poules were used and separate disper- 
sions in 335 ml. made. The results are 
not markedly different from regular 


TABLE VII.—DETERMINATION OF f (N.B.S. 


SAMPLE NO. 114 b). 
Test Time | S, S, 60s 
Test sq.cm. | Yeoorr | sq. cm. 
am. | 27.8 | 1968 
25. 1945 19322 | 86.9 | 19402 
27.2 1980 1865¢ | 84.4 | 
26.7 1955 1950 | 93.8] .... 
1887 | 88.8| ... 
p.m. 28.0 1888 <<a 1903 | 87.7]... 
25.2 1860 
25.2 1915 
i 86.5 | 1 
a.m. 25.1 2018 ‘id 91.9 1910 
26.0 1880 1860 | 74.5 | 1900 
| 24.7 1968 1972 | 88.8 | 1935 
24.8 1928 
1890 | 88.9 | 1878 
p.m 27.7 1863 1925 | 86.6 | 1880 
25.8 1902 1845 77.8 | 1935 
26.9 1885 1965 | 90.3 | 1855 
23.6 1955 
.6 | 1825 
No.3........ am. | 32.1 | 1950 “4 1810 | 86.4 | 1858 
_ 31.2 1995 
33.2 1935 1902 | 85.4] 1918 
33.2 1905 1865 | 83.8 | 1880 
p.m. 33.0 1925 “4900 | 86.7 | 1898 
min 
31.7 1945 Value of r indicated by National Bureau of 
Standards = 88.9. 
_ Mean 1932 Obtained from same set of observations. 


of Standards values for various samples 
indicate that the sampling is satisfactory. 
To investigate the matter further, 1.3 g. 
of cement were placed in a flask contain- 
ing 335 ml. of kerosine. After the 
addition of a few drops of oleic acid, the 
sample was dispersed by vigorously 
shaking the flask. Immediately after 
Placing the flask on the table, 5 ml. of 
the suspension were transferred from 


= 


tests, suggesting that the small amounts 
of cement used are as representative of 
the sample as the larger masses of 
cement required in the Wagner proce- 
dure. 

Table VI illustrates the type of 
results obtainable when the same dis- 
persion of particles is used over a long 
period. Three different tests were made 
using cement from the same ampoule. 
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Each test consisted of eight trials cover- 
ing a period of about 6 hr. Two differ- 
ent photocells were used. 

The fact that the initial reading in 
each of the runs in one test are not the 
same is significant in view of the close 
agreement among the values of specific 
surface. The average deviation of the 
computed values of specific surface is 
1.8 per cent and the maximum deviation 
from the mean is only 4.5 per cent. As 
explained previously, 0.2 division error 
in Ig, without equal errors in the other 
observations, will produce an error in 
S of 4 per cent. It is apparent there- 
fore that a 3 division difference in J¢o 
readings as shown in the table cannot be 
accidental or due to observational error. 
This suggests that different amounts of 
cement may have been dispersed in each 
run and that these were representative 
of the sample. This effect has been 
more strikingly observed in powders 
having a specific surface in excess of 
4000 sq. cm. per g. and a particle dis- 
tribution of 75 per cent below 6 yu in 
size. 

In Table VII data are recorded which 
indicate that satisfactory specific surface 
measurements, not involving sieve de- 
terminations for r, may be made on 
portland cement with the Photelometer. 
Prior to making measurements, the 
upper size limit of particles in the sample 
was determined and an appropriate time 
schedule established. To determine the 
approximate size of the largest particles 
in the sample (N.B.S. sample No. 
_ 114 b) a suspension was prepared in the 
usual manner and a study was made of 
the variation of the transmission factor 
with time. The transmission of the 
suspension was constant for about 8.5 
sec., corresponding to the time required 
for 75 uw particles to pass the reference 
level. Accordingly, the regular port- 
land cement schedule was modified by 
the addition of intervals for the passage 
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of 80, 75, 70, and 65 yw particles beloy 
the reference slit. Since such a schedule 
was assumed to include all sizes of 
particles in the sample, 100 was used 
for the value of r in specific surface 
calculations. The weight percentage; 
for 60 u were computed on the basis of 
the new schedule. For comparison, 
specific surface values in each test are 
shown, determined by the standard 
procedure. With the exception of test 
No. 1, redispersions were made for each 
entry in columns three and four. 

After a few runs were made to enable 
the operator to become familiar with 
the new time schedule, all of the results 
obtained are shown in Table VIL 
While these preliminary tests may not 
be conclusive, they suggest the pos 
sibility of eliminating the sieving pro 
cedure in specific surface measurements 
on portland cement. 


CONCLUSIONS 


1. The unavoidable error in a single 
measurement of specific surface, using 
the Wagner procedure with any instr 
ment, is probably 2 per cent. 

2. To attain maximum precision, the 
suspension concentrations should le 
adjusted to give an initial reading of iI 
to 40 divisions. 

3. Error in the initial reading affects 
the computed value of the specifi 
surface to a much greater extent that 
does an equal error in any other observa 
tion. 

4, Either equal positive or equ 
negative errors in all observations maj 
be tolerated since their effect on cot 
puted values of specific surface is sel 
compensating. 

5. Differences in height of fall and 
temperature of the suspension in difie: 
ent runs introduce errors in the reading 
Within practical limits they do ™ 
appreciably affect the computed valué 
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of specific surface because they are self- 
compensating. 

6. The more precise signalling clock 
may replace the timing burette since, 
in view of conclusion 5, differences in 
viscosity may be tolerated. 

7. Redispersion trials yielding con- 
sistent values for specific surface, but 
yielding widely different initial and 
final observations, indicate that differ- 
ent amounts of cement are redispersed 
but that these are accurately repre- 
sentative of the sample. 

8. Precise measurements of specific 
surface and particle size distribution of 
powdered materials may be made with 
less than 5 per cent of the materials 
required for measurement with the 
Wagner turbidimeter. 

9. The small quantity of liquid used 
makes the doubtful’ reclamation pro- 
cedure unnecessary to save kerosine in 
portland cement tests. 

10. The small quantity of suspension 
required makes adequate dispersion of 
the particles possible in the observation 
cell. The time required for dispersing 
the sample is less than one minute. 
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11. Test samples may be redispersed 
for check measurements. 

12. The use of an average transmit- 
tancy constant to obtain supposedly 
increased precision in measurement for 
specific surface of a particular cement is 
not recommended, since, in view of 
conclusion 7, it presupposes complete 
dispersion of all of the accurately 
weighed sample. 

13. Preliminary tests indicate that 
sieve determinations for r may be un- 
necessary in specific surface measure- 
ments on portland cement. 

14. Since the resolving power is pro- 
portional to 4/a, high resolving power 
may be secured by use of a narrow slit 
and small height of fall or a wide slit 
and a large height of fall. To minimize 


convection current effects and to sim- 
plify the experimental technique, the 
use of a narrow slit appears preferable. 
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DISCUSSIO 


Mr. P.S. RoLLER.'—I will not discuss 
here the larger and more important ques- 
tion as to whether the turbidimeter 
method is suitable or adequate for deter- 
mining size distribution. However, cer- 
tain points are made in this paper that 
warrant comment. Certainly, the dis- 
cussion of errors that are made is un- 
sound. It is true, according to Eq. 10, 
that a compensation takes place if the 
errors of reading the transmittance are 
of the same sign, but I see no justifica- 
tion for assuming that the sign will be 
the same. The same notion of compen- 
sating errors is applied to the results of 
Table IV, but by the law of chance there 


should be about as many uncompensa- 


tions as compensations. ‘Table IV seems 
to imply as much as anything else that 
the instrument or method is insensitive. 

Equation 4 is not worked out, and I 
have not been able to check it. How- 
ever, the resulting Eq. 5 is probably 
erroneous by symmetry considerations. 
Any departure from equality of the coef- 
ficients of the 7 terms should occur for 
the extreme J/’s, namely, J7.5 and 
not and 

The criticism of Wagner’s equation is 
not valid, as Wagner’s derivation does 
not consider the average particle, but 
rather the average transmittancy of each 
interval. To be sure, the Wagner equa- 
tion has a drastic mathematical limita- 
tion, but the reason for this, as I indi- 
cated in my discussion of the Ponzer and 
MacPherson paper of last year,’ is the 

1 Physical Chemist, Eastern Experiment Station, U. S. 
Bureau of Mines, College Park, Md. 

2 Discussion of paper by H. S. Ponzer and D. R. Mac- 
Pherson, “‘Studies of the Operation of the Wagner Turbidi- 


meter,’’ Proceedings, Am. Soc. Testing Mats., Vol. 38, 
Part IT, p. 458 (1938). 


a 


non-valid assumption of linearity of the 
distribution of sizes below 7.5y. 

Mr. M. N. Strates* (author’s closure 
by letter)—Formal expansion of the 
right-hand side of Eq. 4 and insertion 
of it in Eq. 3 gives Eq. 5, if the d’s and 
I’s are given the indicated values. If 
P; is set equal to 3.15 g. per cu. cm, 
Eq. 5 is identical with Eq. 8 in Wagner's 
paper,‘ except for the fact that the paren- 
thetical expression in the denominator 
of Eq. 5 differs from the denominator of 
Wagner’s Eq. 8. The difference arises 
from the fact that in my summation, of 
the Wagner type, the entire area above 
the curve (Wagner Fig. 3) was obtained 
directly, whereas Wagner summed the 
greater portion of the area below the 
curve and subtracted this from the rect- 
angle ABCD to obtain the area above 
the curve. Wagner states that “the 
small area between 57.5 and 60,” was 
neglected. My alteration of the sum- 
mation procedure accounts for the differ- 
ence between Eq. 5 and Wagner’s Eq. 8. 
As suggested in the footnote to Eq. 5, on 
the assumption that the average particle 
size within the range 7.5 to 10y is 7.5p, 
the Wagner equation may be obtained 
by a direct summation of the area above 
the curve, neglecting, of course, “the 
small area between 57.5 and 60p”’. 

The treatment of micron ranges, 4 
indicated above, is somewhat different 
from Wagner’s, hence the fact that the 
“symmetry” of my coefficients for the 
I’s differs from that of Wagner’s is 4 

3 Director of Research and Development, Central Si- 
entific Co., Chicago, Ill. ‘ 

4L. A. Wagner, ‘‘A Rapid Method for the Determina 
tion of the Specific Surface of Portland Cement,” Pr- 


ceedings, Am. Soc. Testing Mats., Vol. 33, Part II, p- 533 
(1933). 
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matter of neither surprise nor impor- 
tance. Notwithstanding Mr. Roller’s 
opinion, Eq. 5 is correct. The difference 
between Eq. 5 and Wagner’s Eq. 8 for 
portland cement has been recognized by 
competent users of the Wagner turbidim- 
eter, and in many instances specific 
surfaces are computed from the “logical 
form,’ Eq. 5. I express no opinion as 
to the view taken by Mr. Wagner in 
deriving his equation. If it is true, as 
Mr. Roller indicates, that the assump- 
tion of linearity of the distribution of 
sizes below 7.5u is not valid, the differ- 
ence between the two equations is prob- 
ably an academic question rather than 
a practical one. 

It is obvious that Eq. 10 is not of the 
form to indicate the probable error in 
specific surface measurements. Such use 
of it was not intended nor made in the 
paper. The analysis by means of which 
Eq. 10 is derived from the Wagner equa- 
tion is well known and is generally recog- 
nized as effective in examining working 
equations for significant sources of error. 
The procedure is also helpful in estab- 
lishing instrumental techniques. 

With Eq. 10, I made two—and only 
two—points in the paper. The first is 
that in the case of chance errors a given 
relative error in the first observation, in 
this case J¢9, has much more effect on 
the specific area determination than do 
errors of the same size in the subsequent 


= 


observations. ‘The fact that chance er- 
rors would be about equally positive and 
negative was considered too obvious to 
require formal statement. However, it 
AI 
is this fact which causes all chance — 


I 
values—except for the first observation 
—to tend to cancel out and thus to em- 

Al 
phasize the importance of the first —. 


I 

The second point made with Eq. 10 is 
that if there are systematic sources of 
error which produce equal errors, either 
all positive or all negative, in the micro- 
ammeter indications, the eleven negative 
contributions to error in specific surface 
largely offset the effect of the error intro- 
duced in the first reading. Anyone hav- 
ing access to data taken on a Wagner 
instrument may easily confirm these con- 
clusions predicted by Eq. 10. 

Table IV is in no wise a reflection on 
the sensitivity of the instrument or 
method, nor does it have to do with 
chance errors. It shows that if a sys- 
tematic error is introduced into the 
experiment the value of the specific sur- 
face determination is practically un- 
changed. As shown by Eq. 10, this 
must necessarily be the case and has 
nothing to do with sensitivity. 

It is a matter of regret that these 
points were apparently not made suffi- 
ciently clear in the paper. 
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LEAN CONCRETE MIXES—A STUDY OF THE EFFECT OF CEMENT 
CONTENT, CEMENT FINENESS ON COMPRESSIVE STRENGTH, 
DURABILITY AND VOLUME CHANGE OF CONCRETE 


By Ernst GRUENWALD! 


SYNOPSIS 


_ During 1938 a series of tests was carried out at the Research Laboratory 
of the Lone Star Cement Corp. at Hudson, N. Y., to study the properties of 
lean concrete mixes. A portland cement ground to three finenesses and a 
high-early-strength portland cement ground to two finenesses were used. 
The effect of finely ground limestone as a “filler” was also studied. Aggre- 
gates were sand and gravel graded up to 1} in. 

Seven concrete mixes were made with cement contents ranging from two 
to six bags per cubic yard. Six similar mixes were made using enough filler 
to make the sum of absolute volumes of cement and filler equal to that of five 


bags of cement. 
and 6-in. slumps. 


The concretes had two consistencies, represented by 2-in. 


Determinations of strength, durability, volume change and modulus of 


elasticity were made for different curing conditions. 


The report covers data 


through the age of three months; strength specimens will be tested to the age 


of 10 yr. 


Conclusions are drawn on the effect of cement fineness and type, and 
additions of filler, on the properties of concrete. 


In the 21 yr. since the water-cement 
ratio law was established by Abrams in 
1918, widespread research on cement and 
concrete has not only resulted in better 
control of concrete in the field, but has 
also greatly improved the strength- 
giving properties of portland cement, 
with the result that normal commercial 
mixes today produce strengths far in 
excess of the 2000 to 2500 psi. so often 
specified at 28 days. Strengths in excess 
of 3000 and 4000 psi. at 28 days are 
not unusual. 

In view of this, when strengths alone 
are specified and mixes designed accord- 


_ ! Engineer, ‘Incor” Division, Lone Star Cement Corp., 
New York City. 


ingly, the cement content is frequently 
reduced to a point where the concrete 
lacks workability, where it segregates, 
bleeds and is of doubtful durability. 
With modern cements, strengths of 2000 
or 2500 psi. are no assurance of a durable 


concrete. The Joint Committee on 
Concrete and Reinforced Concrete has 
recognized this and advocates propor- 
tioning for durability as lictated by 
exposure, as well as for strength.” 
Many previous investigations have 
shown the effect of cement content on 
strength for mixes containing five of 
more bags of cement per cubic yard. 
<< Progress Report of the Joint Committee on Standarl 


Specifications for Concrete and Reinforced Concrett, 
January, 1937. 
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CHEMICAL ANALYSES AND PHYSICAL 


TABLE TESTS OF CEMENTS AND FILLER. 


| High- Early- 


Portland Cements | eae 
Cements 
7 


Sur- | Sur- | Sur- | Sur- 
face face | face | face | face 
Area | Area | Area | Area 

1745 | 2160 | 2520 | 2440 

sq. | sq. sq. sq. 

cm. | cm. | cm. | cm. | 

per g. per g.|per g. per g. 


CHEMICAL ANALYSIS, PER CENT 


13.90 | 19.76 19.70 20.08) 


99.14 99. 32 99. 10, 99. | 99.2: 
CoMPOUND a, PER CENT 


47.6 | 43. 
25. 

14 
10.8 | 10. 


Free MgO 
Free CaO 


| 


Nn 


0.80, 
FINENESS 


No. 200 mesh..| 91.4 | 97.2 | 99.0 | 99.8 
No. 325 mesh 90.6 93.6 | 97.7 | 98.7 


PARTICLE DISTRIBUTION 


: 
ee 97.7 | 98. 
97.0 | 97. 
96.7 | 96 
92.9 | 94 
88.2 93 
83.3 | 87 
74.5 | 80 
64.1 69 
48.4 | 57 
34.5 | 42. 
33.2 36. 


Surface area, 
sq.cm. per 345 1745, 2160 2520; 2440 


Specific Gray- | 
ity 2.71 | 3.15) 3.16) 3.16) 3.15) 


PHYSICAL TESTS 


Setting time: | | | 
Initial 3: 2:55 2:25) 2:00 


Final 4:55) 4:35, 4:20) 
Normal consist- } | 


ency, per 


cent. 36.0 | 28.0 | 30.0 30.0 27.5 | 28.0 


Tensile | 
strength, psi.| 
1:3 standard 


93 143 | 308 332 
331 391 | 444 460 
days...... 429 460) 509 519 
Sdays.. 504 | 507 | 536 | 513 


Sur- 


TABLE I.—Continued 
| High-Early- 
| Portland Cements | Strength 


Portland 
Cements 


Sur- | Sen Sur- | Sur- 

Filler face | face face | face 
Area | Area | Area | Area 
1745 | 2160 | 2520 | 2440 
sq. | sq. sq. | sq. 
cm. | cm. | cm. | cm. 
per g. per g.|per g.|per g. 


PHYSICAL Tests (Continued) 


Compressive | 
strength, psi.) 
1:2.77 plastic) 
mortar 2-in. 
cubes | 
1 day 

3 days 
28 days 


Heat of hydra- 
tion, cal. per 
g. 

1 day 


3 months. . 


The was undertaken to 
determine the effect of cement contents 
in the leaner range, not only on strength, 
but also on durability and volume 
change. To offset the deficiencies in 
fines of the leaner mixes, finer cements 
are often demanded and resort is also 
had to admixtures or fillers. For these 
reasons different finenesses of cement and 
the effect of an inert filler were studied 
in the present investigation. 

The test program required molding 
8280 of the 6 by 12-in. concrete cylinders, 
690 of the 6 by 6 by 3-in. blocks for 
freezing-and-thawing tests, and 1380 of 
the 3 by 3 by 12-in. beams for volume 
change observations. Stress-strain re- 
lations were determined for 2070 of the 
cylinders. Eleven months were required 
in making the test specimens. 

MATERIALS USED IN TESTS 
Cement: 


Two cements, each of different fine- 
nesses, from the Lone Star Mill at 
Dallas, Tex., were used. One was a 
standard portland cement, ground to 
three finenesses—1745, 2160, 2520 sq. 
cm. per g. surface area; the other was 


NT 
| | 
SiOz 23, 19.07 
FeOs..........| 2.87 | 3.55) 3.56, 3.54) 3.51) 3.50 
CaO. ..........| 41.35 | 64.45) 64.45) 64.30) 65.30) 65.15 340) 420) 570 | 1335 | 1725 
MgO..........| 0.72 | 1.12) 1.05) 1.07] 1.09) 1.12 . | 1465 | 2405 | 2940 | 3750 | 4095 
SOs 1.3 1 1.72; 1.85) 2.20 2.49 ; | 2715 | 3665 | 3985 | 4855 | 5320 
Loss 0.88 . | 4235 | 5085 | $745 | 6275 | 6240 
Total 99.28 | 
| 
- F 55 60 61 | 64 70 
CS 4 | 57.8 91} 91] 94] 102 
4.3 02} 103 | 102 | 108 
| 
.| | 7 | 10.6 
432 
1| 1.1 
0.67 
9 | 99.9 
7 | 99.5 
yard. 
standard 
concrete, 


high-early-strength cement ground to 
two finenesses—2440 and 2655 sq. cm. 
per g. Complete physical and chemical 
tests are given in Table I. All five 


—_ 


A.S.T.M. specifications. 
Filler: 

Pulverized limestone used as filler was 
from the Dallas plant. The specific 
gravity was 2.71; specific surface, 3450;* 
and normal consistency, 36.0 per cent. 


Aggregates: 


Principal characteristics of the aggre- 
gates are shown in the following table: 


Size Origin 


Weight, Ib. 
per cu.ft. 


Proportion 


Oto No.4 Long Island 


4 to in.| Long Island 
% in. to % in.| Long Island 


2.26% 103.2) Vari- 
able 
7.26 ee | 2 


| 


* About 23 per cent passing the No. 50 sieve and 5 per 
cent passing the No. 100 sieve. . 


% in. to 144 in.| Great Barr- 
ington 


Concrete Mixes: 


Prior to starting the tests a pre- 
liminary series of mixes was made to 
determine the optimum sand contents 
and also optimum amounts of filler. In 
this, 166 hand-mixed batches were made. 
Five sand percentages were used for 
each cement content, and three per- 
centages of filler. The tests were made 
with the same cements and aggregates as 
used in the main series. Proportioning 
of materials was based on the result of 
these tests. The quantities for the 
different batches are shown below: 

PLAIN CONCRETE 


Cement, bags 
percu.yd...| 2 24| 3 |3% 4 5 6 
Cement, Ib....| 15 19 | 23 26 30 37 44 
Sand, lb...... 123 | 118 | 114 | 107 | 104 93 85 
Graded gravel, 
Ib 153 


3 Specific surface is the surface area in square centi- 
meters per gram. 


GRUENWALD ON LEAN CONCRETE MIXES 


samples complied with the appropriate 


CONCRETE WITH FILLER 


Cement, bags | 
rcu. yd..| 2 2% 3 
Filler, bags | 
per cu. yd.*.| 3 2%) 2 1 1 


19 | 23 


Cement, Ib 26 | 30 37 
Filler, Ib...... 19.35 16.3 13.2) 6.45 6.35 
and, lb...... 4 95 | 96 96 93 
Graded gravel, 

160 162 (164 (161 (164 160 


. .. Equal to 1 bag of cement by absolute volume (80. 


TEST PROCEDURE 
Mixing: 


All batches were machine mixed for 5 
min. in a small ‘Wonder’ mixer 
About 3 min. of this time were required 
to obtain uniformity. Addition of water 
was regulated to produce uniform slump: 
of either 2 in. or 6 in. Temperatures oj 
all materials and air in the mixing room 
were controlled at 70 +1F. In all cases, 
except where noted, each result reported 
is the average of three specimens, one 
each from three identical batches mixed 
on different days. 


Molding Specimens: 


Each batch, containing about 2 cu 
ft., was sufficient for the following spec- 
mens: Eight 6 by 12-in. cylinders, for 
test at 1, 3, 7, and 28 days, 3 months, 
1, 5, and 10 yr.; four 3 by 3 by 12-in. 
volume change beams for various stor 
ages up to 1 yr.; and two 6by 6 by 3-n 
blocks for freezing-and-thawing tests 
All specimens were rodded into steel 
molds and finished with a steel trowel. 
Cylinders were capped with neat high- 
early-strength cement 3 to 4 hr. after 
molding. Slump, flow, and unit weigh! 
of fresh concrete were determined on al 
batches according to A.S.T:M. methods 


Curing: 

Specimens remained covered in molds 
for 20 to 22 hr. and were then stored 
according to the desired curing cor 
dition. Moist-cured specimens 
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TABLE II.-COMPRESSION TESTS OF PLAIN CON- 
CRETE AND CONCRETE WITH FILLER. 


Portland Cement—Surface Area, 1745 sq. cm. per g. 


Sand and gravel: Long Island, N. Y. Filler: Pulver- 
ized limestone from Dallas, Tex. 

Machine-mixed concrete: 8 cylinders from each batch. 

Strengths are averages of specimens from 3 batches 
mixed on different days; 9 tests at 1 day, 3 tests at other 
ages. Cylinders tested as cured. 
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Curing 
| Condi- 
tion 


Water-Cement Ratio by Volume? 


| Unit Weight, Ib. per cu. ft. 


| Cement 


Prain CONCRETE—2-IN. SLUMP 


Moist |2.76! 160'141.6! 50] 135! 205! 425! 470 
2.18 182 142.7. 60! 205) 460 720) 920 
1.63 170.143.9 100, 495| 795 1265 1590 
1.39| 170 145.3. 165| 775 1165 1885 2300 
1.18) 260'1165/1640 2625 3125 
0.90, 156 148.4) 480 2180 3075 4675 4915 
(0.75) 151 149.7, 680 2800 3365 
| | | 
3 days 2.76; 160 141. 125, 310 435) 375 
moist |2.18| 182 142. 205| 515) 785) 710 
then |1.63) 170 143. 525, 995 1345 1180 
air (1.39) 170 145. 815 1315 1985 1685 
1.18 158/145.7| 260 
0.90| 156 148.7) 480'1945 3210 4435/3845 
(0.75 151 149.7 680 2615 3595 4845 4975 


1 day |2.76 160141.6| 50 190 300 365, 400 
moist 2.18 182 142.7, 60 225| 520 640 
then (1.63 170 143.9 100 495 9101075 975 
air 1.39 170145.3 720 1220 1745 1545 
158 145.7, 260 1060 1735 2225 2065 

156 148.7, 480 1865 2805 3295 3195 

151.149.7, 680, 2395 3420 4155 4145 


CONCRETE WITH FILLER—2-IN. SLUMP 


| Moist |2.58 159 145.3] 115| 335| 555| 8701105 
1.99 159 145.8) 160, 615) 900)1340|1670 
1.60, 159 146.8] 295) 895 1285) 1805/2230 
1.41, 166 147.3) 350 1155 1650 2310 2705 
1.18 158 147.6) 430 1580 2380 3205 3330 
(0.95) 153)148.4) 6302270 3075| 3900/4750 
| 

3 days 2.58) 159 145.3) 115) 355, 570, 875) 995 
moist 1.99, 159 145.8) 160 635 955 1305/1475 
then 1.60) 159 146.8 295| 895 1445 2015 2155 
air 1.41) 166 147.3, 350 1145 1815,2460 2675 

|1.18 158 147.6, 430 1600 2320 3245 3135 

0.95 153 148.4) 630 2300 3205'4180 4315 

| | | | 

1 day |2.58 159 145.3) 115 340 495 660| 695 
moist |1.99 159 145.8, 160 600, 815 1035 1210 
,,| then |1.60 159 146.8 295, 835 1055 1365 1560 
air 1.41) 166 147.3, 350 1015 1435 1775 1825 
1.18 158 147.6, 430 1380 2110 2430 2485 
0.95) 153 148.4, 630 2195 2770 3350 3400 


| 


SS 


* 1 bag of filler (80.8 Ib.) i | 
, bag pp eda ( .) is equal by absolute volume to 


Water-cement ratio based on cement only. 


Mix, bags 


TABLE II,—Continued 


Nominal 
Compressive Strength, 
psi. 


Curing 
Condi- 
tion 


Unit Weight, Ib. per cu. ft. 


Cement 

| Water-Cement Ratio by Volume? 
Flow, per cent 
3 months 


PLaIn CONCRETE—6-IN, SLUMP 


Moist |1.57| 205/144.5| 125) 575| 940|1480|1750 
11.34) 201/145.4) 875)1215 2205!2360 
191|147.4| 400]1655| 2355 3775/4445 
178, 148.8) 660 2385/3450 5065/5340 
3 days 1.57, 205|/144.5| 125] 565) 965)1315|1390 
moist |1.34, 201/145.4| 165| 740) 1305! 2030|2025 
then (0.98, 191/147.4| 400,1775|2635 3515/3670 
air 0.81] 178 148.8! 660/2295 3490 


| 

1 day 1.57, 205'144.5| 125] $15! 915 1055/1170 
moist 1.34 201/145.4 165) 760,150 1585) 1455 
then 0.98, 191/147.4| 400 1560 1915 2860 3155 
air 0.81| 178|148.8) 660 2295 3025 40854255 


w & 


CONCRETE WITH FILLER—6-1IN. SLUMP 
3 | Moist |2.83| 173'144.5| 100| 255| 365| 585] 775 
2.23) 179|145.0 165) 430) 6551010 1065 
184/145.6 215, 670 1015 1495 1725 
186/146.1) 280) 935|1465|1995' 2275 
| 196 146.8) 295'1175 1840 2540 2835 
189 146.7; 440 1765) 2575 3185|3925 
| | 

3 days 2.83) 173 144.5) 100, 275) 470 sss| 680 
moist |2.23, 179 145.0! 165) 465| 745| 9501075 
then (1.84 184 145.6) 215) 700) 1075 1405/1615 
air 186 146.1| 280) 1465 1945 2025 
1.34) 196 146.8) 295 1175) 1840 2405 2660 
1.09 440 pata 3825 

1 day |2.83) 173,144.5; 100) 255 465) 510 
moist 2.23, 179 145.0 165) 430, 610) 700, 905 
then (1.84, 184145.6) 215) 595) 9151125 1260 
air 1.54) 186 146.1) 280, 845,1255 1525/1565 
1.34) 196,146.8) 295 1025/1625 1970 2085 
1.09 189|146.7 440, 1515, 2195/2565 | 2835 


kept in a fog room in a saturated at- 
mosphere having temperature controlled 
at 70+1F. Air-cured cylinders were 
stored in laboratory air at 70 to 75 F. 
but humidity was not controlled. Iden- 
tical sets of cylinders as molded were 
cured as follows: 
(a) 1 day in molds, then in fog room. 
(6) 1 day in molds, 2 days in fog room, 
then in air. 
(c) 1 day in molds, then in laboratory 
air. 
All specimens were tested in the con- 
dition cured. 


813 
| 
3 
) 
; Mix, bags Compressive Strength, 
me (84 per | psi. 
cu. yd. | 
| 
= | 
2 | 
2% 
3 
3% 
4 
5 
6 
2 
2% 
3 
3% 
4 
5 
6 
2 
2% 
3 
3% 
4 
e 
6 
2 
2% 
3 
3% 
4 
5 
2 
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GRUENWALD ON 


TABLE III._COMPRESSION TESTS OF PLAIN 
CONCRETE AND CONCRETE WITH FILLER. 


Portland Cement —Surface Area 2160 sq. cm. per g. 


Sand and gravel: Long Island, N. Y. Filler: Pul- 
_ verized limestone from Dallas, Tex. 

Machine-mixed concrete: % cylinders from each batch. 

__ Strengths are averages of specimens from 3 batches 

mixed on different days; 9 tests at 1 day, 3 tests at other 


ages. Cylinders tested as cured. 
Nominal * 
Mix, bags 5 Compressive Strength, 
per psi. 
cu. yd. ba = 
Curing | ‘3 | 2 
Condi- 
tion ~ ~ 2 
eis 
& = 
| 
s | ~ ~ | | & 
PLain Concrete—2-1N. SLUMP 
2 | .. | Moist (2.64) 167:141.9| 65, 220) 325| 435) 555 
2.06 162,144.1, 85 375 605) 865) 995 
3 1.69 166 144.8 105) 845 1315|1580 
3% 1.40, 172 146.1) 230) 950.1395 2225 2365 
4 1.15) 164.147.6 340 1595 2080 3235 3585 
5 | 0.87 153:149.4| 640 2445 3565 5095 5630 
0.74) 149 150.4) 965 3175 4345/5710 6565 
3 days 2.64) 167141.9| 65 215) 380| 675| 495 
214) moist |2.06) 162 144.1| 85) 7201040 810 
3 then (1.69 166 144.8 105 595) 925 1450 1285 
3% air 1.40, 172 146.1) 230 960 1470 2250 1885 
4 1.15) 164 147.6 340 1515 23653260 2755 
5 0.87, 153 149.4 640 2505 39055005 4665 
6 0.74) 149 150.4, 965 3480 4315 5755 5515 
2 1 day (2.64) 167:141.9| 65 220) 385) 585) 505 
.. | moist |2.06) 162 144.1) 85 360 600) 930) 805 
3 | then |1.69 166 144.8) 105 545 985 1375 1195 
3% air (1.40 172 146.1) 230) 960 1475/1910 1760 
4 1.15) 164'147.6 340 1455, 2045 2885 2525 
5 0.87) 153 149.4, 640 2335 3080 4080 3720 
6 } 0.74 149 150.4, 965 2765 3955|4895|4580 
CONCRETE WITH FILLER—2-IN. SLUMP 
2 | 3 | Moist (2.51) 157)145.9 150 455) 585) 945 1035 
2h | 2%) 1.96 157:146.2 760 995 1425 1595 
3 2 1.63) 160 146.9 290 1080 1435 2090 2495 
3%| 1% 1.35) 158 147.7) 390 1605 2205'3015 3315 
4 1 1.17) 159 148.4) 520 1990 2595 3595 3925 
$ 0.97, 162 148.9) 770 2640 33404385 4885 
2 | 3 3 days 2.51) 157.145.9 150) 435 690) 975) 965 
2%) moist 1.96) 157 146.2; 265 770 1185 1620 1600 
2 then 1.63) 160 146.9) 290 1095 1630 2135/2215 
34%) 1% air (1.35 158 147.7) 3901565 2365 3000 3115 
4/1 1.17! 159 148.4 520 1905 2705 3250/3350 
5 1 0.97, 162 148.9 770 2565 3335 4300 4040 
2 | 1 day (2.51) 157,145.9| 150 420 610 755) 760 
2% | 2% moist |1.96 157.146.2 265 695) 950 1255 1220 
3 2 | then /|1.63) 160 146.9 290 955'1330 1875 1785 
344| 1% air 1.35) 158 147.7. 390 1400 1940 2460 2375 
4 1 1.17, 159 148.4 520 1575 2305 2875 2675 
it | 0.97, 162 148.9 770 2365 3260 3685 3715 


“1 bag of filler (80.8 Ib.) is equal by absolute volume 
to 1 bag of cement. 
6 Water-cement ratio based on cement only. 


TABLE IIL.- 


Nominal 
Mix, bags 
per 
cu. yd. 


Cement 
Filler® 


Water-Cement Ratio by Volume” 


LEAN CONCRETE MIXES 


Flow, per cent 
Unit Weight, lb. per cu. ft. 


—Continued 


Compressive Strength, 
psi. 


1 day 
3 days 
3 months 


PLAIN CONCRETE—6-IN. SLUMP 


215! 970 1270 1885 21) 


300, 1315) 1825 2685 297; 
480 2215 3085 4415 4% 


550) 2975 3955 5125 s4y 


215! 980 1475 2195 145 


300 13301915 2795 
480) 2180 3275 3960 397: 
550, 2995 4025 4690 4475 


215, 905 1315 1700 14% 
300 1330 1855 2115 221; 
480) 2295 3115 3755 34 
550) 2640 3380 4380 449 


140, 440, 665 
190) 595) 790 1210 13% 
245, 860 1200 1730 195 
340 1275 1665 2355 257 
425'1595 2225 3055 323 
605 2215 3190 4160 432 


140) 345) 565 745 
190 595'1045 1320 13% 
245) 840 1295 1700 16! 
340 1215 1730 2255 2515 
425 1760 2480 3210 3215 
605 2175 3335 3890 42 


140, 300) 495) 545 
190} 575, 875 1015 102 
245) 775 1185 1375 
340 1155 1595 1795 192 
425, 1585 2135 2220 


3% Moist 1.41) 199 146.7 
4 1.23, 200 147.6 
5 0.94 189 149.5 
6 0.80 181'150.0 
3144| .. | 3 days 1.41) 199 146.7 
4 | moist |1.23, 200 147.6 
5 then 0.94 189 149.5 
6 air 0.80 181/150.0 
314 1 day (1.41) 199 146.7 
4 | moist 1.23 200 147.6 
5 then (0.94 189 149.5 
6 air 0.80 181,150.0 
CONCRETE WITH FILLER—6-IN. SLUMP 
2 3 Moist 2.75) 177/145.3 
2% 2.11) 182 146.3 
a 1.77; 181'146.8 
34% | 1% 1.47) 181/147.5 
4 1 1.23) 184 148.0 
§ 1.01, 181 148.9 
2 |3 | 3 days'2.75| 177|145.3 
2%) moist 2.11) 182 146.3 
3 2 then (1.77) 181 146.8 
1%) air 181/147.5 
4 1 1.23 184 148.0 
5 1 1.01; 181 148.9 
2 3 1 day |2.75| 177,145.3 
2% 2% ~moist |2.11) 182 146.3 
3 2 then (1.77) 181 146.8 
343! air 1.47) 181/147.5 
4 1 1.23) 184 148.0 
|1 | 1 


-O1 181 148.9 


605 2085 2755 2870 Ay 


Volume change beams were cured ! 
day in molds and then as follows: 

(a) In air at 70 F. and 50 to 55 pet 
cent relative humidity. 

(b) In water at 70 F. 

(c) 6 days in water, then in air at il 


F. 


and 


50 to 55 per ceil 


relative humidity. 


(d) 


13 days in water, then 15 das 


alternately in air and water. 


| 
TA 
veriz 
St 
| | mixec 
Col | 
| ti | 
Nom 
| | Mix, | 
= 
| 
| 
24 
34 
4 
5 
6 
4 2 
q 214 
314 
‘ 
‘i 5 
j 4 6 
; 
214 
4 
; 
| 
2 
1% 
a 4 : 
5 
2 
ia 
‘a 3 
34 
a 4 
SC: 
| 
= 


trength 


3 months 


28 days 


1885 212 
2685 2975 
4415 4685 
5125 S44 


2195 1845 
2795 244 
390) 3975 
4690 4875 


1700 148 
2115 2215 
3755 386! 
4380 488 


665 
1210 138 
) 1730 1955 
2355 257 
3055 329 
) 4160 4325 


745, 
} 1320 1395 
1700 1865 
) 2255 2515 
) 3210 3215 
5 3890 4025 


3) 545) $25 
1015 1025 
5 1375 145 
5 1795 192 
5 2220 243: 
5 2870 319 


~ured | 


TABLE I1V.-COMPRESSION TESTS OF PLAIN 
CONCRETE AND CONCRETE WITH FILLER. 


Portland Cement —Surface Area 2520 sq. cm. per g. 


Sand and Gravel: Long Island, N. Y. Filler: Pul- 
verized limestone from Dallas, Tex. 

Machine-mixed concrete: 8 cylinders from each batch. 

Strengths are averages of specimens from 3 batches 
mixed on different days; 9 tests at 1 day, 3 tests at other 
ages. Cylinders tested as cured. 


Nominal 2 
Mix, bags E Compressive Strength, 
per | psi. 
cu. yd. 
2 
Curing | | 
Condi- | | 
tion w 
sisi o 
| o| 
& n a 


PLAIN CONCRETE—2-IN. SLUMP 


2 Moist 2.77, 164 143.3) 65) 265) 385) 535) 565 
2% 2.10 173 144.5 105) 400, 595) 835) 895 
‘RE 1.63, 170 145.6) 175, 770 1085 1585 1620 
344] .. 1.36 172 146.4| 275 1065'1555 2370 2540 

1.12, 160 147.6) 410 1880. 2400 3765 3675 
5 - 0.86, 158 150.0) 990 3175 4130 5190 5605 
6 0.72, 148 150.6 1470 — 

| 

2 3 days 2.77| 164143.3| 65) 235) 360) 565) 465 
214 moist |2.10 173 144.5) 105) 410) 655) 985| 835 
3 | then (1.63) 170'145.6 175) 7101090 1665'1355 
344 air 1.36, 172 146.4) 275)1075 1735|2330,2145 


4 1.12) 160'147.6 410 1930' 2855) 3595)|3165 
5 0.86, 158 150.0 990 3085 3860'5105' 4995 
6 0.72 


148 150.6 1470 3880 4975 '5975 6035 
| | | } 


2 1 day 164'143.3) 65) 230) 350) 515| 465 
24 moist |2.10 173 144.5) 105) 705| 775 
3 then 1.63 170'145.6 175) 665 1060, 1375/1195 
344 air (1.36) 172 146.4) 275 1070 1665/2080 1870 
4 1.12. 160 147.6 410 1665 2465 '2755 2635 
5 0.86 158'150.0 990 2850 3715/4720 4455 
6 0.72, 148 150.6 1470 3725|4440| 5450 5495 


CONCRETE WITH FILLER—2-IN. SLUMP 


2 Moist 2.49, 161/146.3) 200) 535! 765 1065,1090 
2% | 24 1.93 158 147.1. 870 1220 1620 1605 
1.58) 151/147.8) 490 1365/1815 2420 2360 
314, Ig 1.36, 163 148.2) 600 1720 2260 3030 3045 
4 1 1.15) 158 148.9| 710 2365 3020 4030 4060 
5 it 0.92, 146 149.1 1295 3185 5645 
| 
2 3 days 2.49' 161/146.3, 200. 545) 875/1140 1145 
2% moist 1.93 158 147.1) 325) 950 1415/1825! 1850 
2 then 1.58 151:147.8 490 1460 1945 2475/2730 
|1.36' 163 148.2 600'1805 2480 3095) 3105 
4 \1 1.15) 158 148.9 710 2250 3195) 3930) 4125 
5 0.92 1295 3625 4200 5020! 3095 
| 
day 2.49 161 146.3, 200, $20 775, 930, 995 
244 moist 1.93, 158 147.1| 845'1245/1445/1580 
then 1.58) 151 147.8) 490 1265 1805 2075 2145 
2 12 air 1.36) 163'148.2! 600'1675'2265 2525|2545 
; 1 1.15 158 148.9 710 2125/2785 3230\ 3220 
1 0.92, 146 149.1 1295 3310! 3880| 4310 4510 
a 
1 bag of filler (80.8 Ib.) is equal by absolute volume to 
of cement. 
Water-cement ratio based on cement only. 
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TABLE IV.—Continued 


| 
Nominal | | 
Mix, bags 
per 
cu. yd. | 


|Compressive Strength, 
psi. 


Curing 
Condi- 
tion 


Water-Cement Ratio by Volume?’ 


Unit Weight, lb. per cu. ft. 


Filler* 

Flow, per cent 
1 day 

3 days 

3 months 


7 days 
| 28 days 


PLain ConcRETE—6-1IN. SLUMP 


202 146.1) 230, 995 1375/2175 2245 

199 147.1, 330 1415 1880, 2835 3140 

184 149.0) 730 2785 3485 4680 5250 

174, 149.5, 1030 3320 5780 
| 


202 146.1) 230, 935 1435'2110 1980 
199, 147.1) 330 1370 2245 2890 2700 
184/149.0 730 2660 3535) 4380 4590 
air 0.77) 174/149.5 1030 3215) 4320) 5035/4945 


Moist (1.45 


202 146.1) 230 1015 1380) 1955/1895 
199 147.1) 330 1355 2105 2635 2635 
184 149.0, 730 2585 3095 3985 4400 
| 174 149.5 1030 3080 4005) 4805 |5245 


anew 


CONCRETE WITH FILLER—6-IN. SLUMP 
182 145.8 
09, 183 147.0 
-66 178 146.8 
178 147.4 
188 148.2 
-02; 182 148.6 


160 410 615, 785) 905 
230, 680) 885 1375 1435 
385 1125 1435 19252220 
540 1645 1945 2500 2820 
610 1970 2505 3210 3490 
930 2645 3285/4140 4420 


3 | Moist |2.74| 
2% 


nw 

—— 
we 


160, 420 595) 845) 900 

230, 720 1175/1495 1445 

385\1145 1645/2055 2220 

540 1550 2165 | 2670 2825 

610 2030, 2815 3345 3565 

930 2595 3580 4120 4440 
| | | 


182 145.8 
183 147.0 
178|146.8 
178 147.4 
188 148.2 
148.6 


RN 

- 


1 day \2.74 
moist |2.09 
then /|1.66 
air 1.39 
1.23 
1.02 


182)145.8 
183 147.0 
178|146.8 
147.4 
188/148 
182/148.6 


160) 385) 555) 675) 755 
230) 690; 970.1175 1215 
385| 1125) 1400/1710, 1870 
540 1480, 1965 2415/2405 
610 1710 2305 2645 2565 
930) 2600 | 3315|3805 3785 


RS 


ne 


Freezing-and-Thawing Tests: 


Specimens after 1 day in molds were 
cured in 70 F. water until ages of 3 and 
28 days, when freezing-and-thawing 
cycles were started. Specimens were 
frozen to —20 F. in 2 hr., and thawed 
to 70 F. in about 3 hr. They were 
completely immersed during the cycles. 
Losses in weight were recorded, and the 
blocks were discarded after a 25 per cent 
loss in weight. Due to the method of 
curing and the rapid reversals in tem- 
perature, the tests were unusually severe. 


815 
I | | 
| 
a 1 day /1.4 
moist |1.2 
then (0.9 
| 3% 
4 
— 5 
L 
55 pet 
ir at i! 
ar cen! 
15 days 
ater. 
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TABLE V.—COMPRESSION TESTS OF PLAIN 
CONCRETE AND CONCRETE WITH FILLER. 


High-Early-Strength Portland Cement—Surface Area 
40 sq. cm. per g. 


Sand and Gravel: Long Island, N. Y. Filler: Pulver- 
ized limestone from Dallas, Tex. 

Machine-mixed concrete: 8 cylinders from each batch. 

Strengths are averages of specimens from 3 batches 
mixed on different days; 9 tests at 1 day, 3 tests at other 
ages. anennatl tested as cured. 


| 
Nominal 
Mix, 
bags per 
cu. yd. 


| Water-Cement Ratio by Volume® 


Compressive Strength, 
psi. 


Unit Weight, Ib. per cu. ft. 


| Curing Condition 


3 months 


PLain CONCRETE—2-IN. SLUMP 


_ | Moist |2. 65| 162'142.7| 170! 565 655 
2.07, 158 144.0) 295 710, 925/1015|1020 

1.63, 160 145.3) 435 1165|1515/1745| 1600 
1.39| 162 146.7| 705 1805 2225 2505| 2415 
11.14) 158'147.9| 1085/2630 3180 3745/3630 
0.88, 149 149.1/1795 3720 4360 4915/5415 
0.74) 147 150.7 2530 4475 5360) 5790|6395 


wes 


3 days 2. 65, 162,142. 170 375) onl 780) 695 
moist 2.07) 158/144.0, 295) 705,1000, 1295|1190 
then |1.63) 160 145.3) 435/1175 1565 2045 | 1895 
air 1.39, 162 146.7) 705 1825/2485 2945| 2725 

1.14) 158 147.9 1085 2540 3205’ 3685/3570 
(0.88, 149 149.1 1795 3655 5575/5255 
0.74) 147 150. 2530 4500/5765 6495 16195 


| 

1 day |2.65) 162 142. 7 170, 400 6os! 655, 625 
i 158 144.0) 295) 705) 955 1095 1040 
160 145.3) 435 1160/1545 1705 1625 

162, 146.7, 705/1745/2135 2455/2265 

158 147.9 1085/2530 3215 3535 3320 

149|149.1 1795/3225 4155 4705 4465 

147 150.7 2530/4250 5300 6055 5700 


4 
5 
6 
2 
2 
3 
3 
4 
5 
6 
2 
2 
3 
3 
4 
5 
6 


CONCRETE WITH FILLER—2-IN. SLUMP 


Moist 149|146.6| 380! 805 925 1135 1095 
152,147.1) 615 1205 1505) 1635 1755 

151 147.8) 750 1700 2105/2375 2175 

156 147.7| 950 2245 2725/2950 2970 

| 150 148.6/1275 2825 3520) 3820 3920 
149 148.7/1965 4715) 5380 


| 149146.6 380 760 108s| 1405! 1585 
152 147.1) 615|1560 1595/2010 2165 
151,147.8) 750,1765 2065 2905 2990 
156 147.7) 950 2245 2865 | 3495 3395 
150 148.6 1275 2895/3775, 4220 4040 
149) 148.7|1965 3880! 4910 
149) 146.6) 380) 795 1090 1230 1295 

152 147.1) 615/1215| 1595) 1805/1930 
151/147.8) 750'1760 2155 2435|2295 

3% 156,147.7, 950 2195) 2695 3085 2935 

4 150 148.6 1275|2795|3490 3715 3570 

5 +95) 149) 148. 7 1965/3865 | 4545 \4855) \4545 


| of filler (80.8 tb. i is absolute volume 
to 1 bag of cement. 
b Water-cement ratio based on cement only. 


TABLE V.—Continued. 


Compressive Strength 
psi. 


Water-Cement Ratio by Volume? 


Curing Condition 


3 months 


Flow, per cent 
| Unit Weight, Ib. per cu. ft. 


PLAIN Concrere— 61 IN. SLUMP 
Moist 1.45) 192) 146.9! 655! 1575. 2010 2408 
1.25 188,147.5 775 1840 2370 2835 20: 
0.94) 172/149.2 1545 3135 3930 4525 4a: 
0. 170 149. 2050 3920 4365 (5170 


3 days 192 146. 1555 2045 2535 2515 
moist 1.25) 188 147.5) 775'1925 2665 3375 
then |0.94 172 149.2 1545' 3075/4025 4635) 4435 
air -9 2050 3705 4815 (588s 

| | 

1 day (1.45) 192 146.9 655 1445 1895 245 2é: 
moist |1.25) 188 147.5) 2905 2: 
then 0.94) 172 149.2 1545 2980 3075/4330 4: 
air \0. 80) 170, 149.9 2050 4015 |4450) 5320 5055 


ANEW 


CONCRETE \ WITH FILLER— 6-1 “IN. SLUMP 
| 3 | Moist |2. 68! 173/146. 4! 255! 590| 700| 885| 
2% 2.12) 177|146.6 385) 840 1130 1405 14 
| jl. 178 146.7, 530.1295 1615 1860 199 
1% 172 147.3, 785 1940 2355 2655 
1 178, 147.9, 975 2295 2805 3185 32 
1465 3195 3735 4385 

| 
173 146.4, 255; 590 835 1125 123 
177 146.6, 385) 915 1315 1650 174 
178 146.7) 530.1275) 1825 2115 24% 
172 147.3) 7851950 2765 3195 321! 
178 147.9) 9752365 3215 3565 3525 
174 148.5 1465 3260 4090 4705 


| 
173 146.4) 255, 615) 765) 975 107 
177,146.6, 385) 885/1235/1395 1515 
178 146.7) 530 1270, 1590 1835 1% 
147.3) 785 1875) 2380 2650 26 
| 178,147.9| 975 2305 2900 3145 318 
174 148. 5) 1465 3125 5705) 4045 387 


NN 


Modulus of Elasticity: 


Deformation readings were made 
2 cylinders from each batch at 7 and} 
days for high-early-strength cement, at 
at 28 days and 3 months for portland 
cement concrete. The compressomete 
was similar to the Olsen single dial typ 
having two fixed rings attached to tht 
concrete by three set screws, and ont 
rotating ring to which movement wé 
transmitted by a steel spindle. De 
formations were read to 0.0001 i 
Readings were taken at 10,000-Ib. inct 
ments up to 60,000-Ib. total loa 


Ane ow 


| 


Ge 
— — 
ags per 
cu. yd. 
ver 
M 
SI 
4 | 
| ages. 
| | | 
Ele > Nomi 
| | 
| 
| 
1 
|_| 
|_| 24% moist |2. 
2 then (1. 
1% air 
| 1 
2 
2% 2% 
3 
3% 
4 
5 
| 
i 
>: 


Strength, 


3 months 


28 days 


2405 238 
2835 2985 
4525 489: 
5170 


2535 2515 
3375 
4635 4435 
S585) $465 


5 | 2248 2 
52905 
4330 
) $320) 


4 

885 
) 1405 
5 1860 195 
2655 


5 3185 3285 
54385 4655 


5/1125 1235 
5 | 1650 1768 
2115 242 
5 3195 3215 
5 3565 352 
0 4705 43: 


5} 975 1075 
5/1395 1515 
1835 
2650 26 
3145 
5 4045 33 


ade on 

and 2! 
nt, ane 
yrtland- 
somete! 


TABLE VI.—COMPRESSION TESTS OF PLAIN 


CONCRETE AND CONCRETE WITH FILLER. 


High-Early-Strength Portland Area 
2655 sq. cm. per 

Sand and Gravel: Long Island, EN. Y. Filler: Pul- 
verized limestone from Dallas, Tex. 

Machine-mixed concrete: 8 cylinders from each batch. 

Strengths are averages of specimens from 3 batches 
mixed on different days; 9 tests at 1 day, 3 tests at other 
ages. Cylinders tested as cured. 


Compressive Strength, 
psi. 


| 


| Water-Cement Ratio by Volume? 


Unit Weight, lb. per cu. ft. 


| Curing Condition 


Flow, per cent 


1 day 

3 days 

7 days 
28 days 
3 months 


| Cement 
| Filler® 


PLAIN CONCRETE—2-IN. SLUMP 


| 160|142.4| 235| 560| 575| 685 
8| 154 143.5, 390) 925/1110/1205 1225 
150 145.2) 665 1480) 1825) 1850) 1945 
152/146.7| 935/1980 2405 27802615 
157|147.5|1340 2775 3395|3675|3600 
| 150 149.8! 

141/150.6 3170 5670 6255 6460 


160/142.4 235| 975) 995 
154) 143.5) 390) 905)1220 1585\1445 
1501145.2| 665 1495) 2025|2475|2170 
152'146.7| 935|1775|2745| 3140! 2775 
157|147.5 1340) 2715) 3435 4120/3750 
149.8 2205 3935 |4935/5385|5280 
141/150.6 3170) 6095' 6425) 6400 


160]142. 2351 560) 775 
154)143.5) 390) 940! 1265 1405) 1420 
150)145.2) 665 1505 |1785|2045|1995 
152 146.7| 935 1995/2420 |2745|2485 
157 147.5|1340, 2730 3265'3570|3570 
150) 149.8 2205 3975 4695 |4970|4780 
141 150.6 3170/4945 5885 6375/6220 


inde 
= 


3 days |2.50} 
moist 1.88) 
then (1.51) 
air 1.30 

11.13 
0.88 
72 


1 day 50 

moist |1.88 

then /1.51) 

air 11-30 

11.13 

0.88 
0-72 


SS 


Sas 


Ane ww 


CONCRETE WITH FILLER—2-IN. SLUMP 


2 |3 | Moist |2. 43) 155|146. 4| 455! 870|1015|1100|1180 
2% | 2% 11.92) 153/146.8, 735|1215 1465 1715|1805 
3 |1.57) 154| 147.6 1055) 1940 2290 2615/2455 
3 1.33} 151/148.1/ 1280) 2525/3105|3215|3495 
1.15] 151)148 .8 1550 3215/3705|4385|4325 
1 0.94) 149|149.2/2495 4375/4655 5235 5975 


4 
5 
| 

2 |3 | 3 days ‘2.43 146.4 455| 825|1180 1465] 1810 
2%4| 2% moist |1.92| 153 146.8) 7351360 1850 2235/2550 
3 154/147 .6 1055) 1935|2475| 3000|2935 
3 151|148.1|1280 2755|3355|4125|3985 
| 151) 148.8) 1550) 3215|4335|5010/4535 

149|149.2/2495|4545| 5445 6120)5770 


155/146.4] 455| 855! 1090 1290)1445 
153 146.8] 735|1380|1715|2040|2235 
154! 147.6 1055|2040|2315|2755|2755 
151) 148.1] 1280 2590) 3170) 3445| 3420 
149 149.2 2495 4275/4795) (5275/4945 


1 

3 | 1 day 
moist |1.92 
2 then (1.57 
1 air 1.33 
1 1.15) 
1 0.94 


* 1 bag of filler (80.8 lb.) is equal by absolute volume 
bag of cement. 
ater-cement ratio based on cement only. 


TABLE VI.—Continued. 


Nominal 3 
1x, | Compressive Strength, 
bags per > f=} psi. 
cu. yd. 2 3 
2 
PLaAIn CONCRETE—6-IN. SLUMP 
3% Moist |1.45! 195/146.3! 715|1700|1905|2285|2235 
4 1.27| 196)147.6| 1010! 2205 | 2530, 2825| 2865 
5 178) 149.6|1870 3695/4150, 4630 4605 
6 0.80 40605890 6315 
3% 3 days Ih. 45} 195/146.3) 715 2725|2510 
4 moist 27| 196/147. 6/1010 2160) 2840 3430/3225 
5 then |0.94) 178/149. 6 1870 (3635|4475| 4835|4665 
6 air 0.80| 
34% | | 1 day |1.45) 195)146.3] 715/1595| 1960)2275|2085 
4 moist |1.27| 196|147.6|1010 2130 2655|2960| 2825 
5 then |0.94| 178/149. 6) 1870, 3640) 4250) 4360/4460 
6 air [0.80] 164|150.5/2530| 4155] (4720 4720|5345 030 
CONCRETE WITH | FILLER— —6-IN. SLump 
2 | 3 | Moist |2.80| 184{146.3 320] 555| 705| 765 
2% | 2% 2.17| 178 146.6) 460) 950)1225)1315 1408 
3 2 1.78) 178/146.9| 1495|1745|1855| 1980 
1.31] 181/148.2)1095| 2465/2830! 3275/3120 
5 1.05) 171/148.9!1765 3785 4635 
2 |3 | 3 days |2.80 1841146. 3} 320) | 95 sol 1055/1145 
24% | 2%| moist |2.17| 178|146.6| 460| 965|1365|1745|1860 
3. | 2 | then |1.78| 178/146.9) 685/1415|2035 2405) 2500 
344| air 1731147.4| 880|2045|2675|3060) 3065 
4/1 1.31] 181|148.2 1095|2450'3075| 3500/3540 
if 1.05| 
2 |3 | 1 day |2.80) 184/146.3) 320) 625] 765| 965|1045 
214 | 244| moist |2.17| 178|/146.6| 980|1235|1465|1650 
$ 12 then |1.78| 178/146.9| 685|1410)1765 2115/2055 
34114) air |1.46 173|147.4 880)1985| |2565|2895| 2860 
4/1 1.31) 181/148.2) 1095/2370 2910 3130) 3135 
s 14 1.05 171)148. 9 1765 |3430 4000) \4370/4315 
Volume Change: 


Stainless steel pins in the ends of the 
3 by 3 by 12-in. concrete beams were 


used as reference points. 


Measure- 


ments were made beginning at 24 hr. 


with a 300-mm. micrometer. 


All ob- 


servations were with the concrete at 


70 F. 


The 


resenting average job conditions. 


DISCUSSION OF TESTS 


investigation covered typical 
gravel concrete graded to 1} in. as rep- 


A 


2-in. slump was selected as representing 
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al type 
the 
ind ont 2 
ont was 
e. De 3% 
ince | 


Tests of 3 by 3 by 12-in. concrete beams. 
Length changes after 3 month storage average of 3 tests. 


6 


6 


Cement | 


Nominal Mix, 
bags per cu. yd. 


- 


Filler® 
2-in. | 
| Slump | 

0 +0.007 | 
3 +0.001 | 
0 +0.005 
2% —0.004 
0 —0.001 | 
2 —0.003 
0 —0.006 | 
14 —0.006 | 
0 —0.003 
1 —0.006 
0 —0.002 | 
1 —0.006 
0 —0.003 


0 —0.048 
3 
0 —0.052 
2% | —0.052 
0 —0.037 
2 —0.053 
0 —0.054 | 
1% —0.046 | 
0 —0.041 | 
1 —0.045 
0 —0.047 
1 —0.053 
0 —0.046 | 
Storep 1 Day In 
0 —0.053 | 
3 —0.058 | 
0 —0.040 
—0.058 
0 —0.039 
2 —0.050 | 
o | ~0.039 
14% —0.054 
0 —0.040 
1 —0.050 
0 —0.044 
1 —0.050 
0 —0.047 
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TABLE VII.—VOLUME CHANGE TESTS. 


Length Changes, per cent of 24-hr. length 


Portland Cement 


6-in. 
Slump 


2-in. 
Slump 


6-in. | 
Slump 


2-in. 
Slump 


6-in. 
Slump 


Storep 1 Day 1n THEN IN WATER OF 70 F. 


+0.007 | 


+0.004 | 


+0.008 | 
—0.001 


+0.003 


| +0.002 


+0.006 
0 
+0.006 


—0.064 


—0.038 | 
—0.057 | 


—0.037 | 


—0.001 | 
—0.004 | 


| 
+0.002 
—0.005 


+0.003 
—0.007 


—0.003 
—0.008 


—0.003 
—0.11 


—0.006 
—0.007 


—0.005 | 


—0.001 
| —0.008 


+0.006 
—0.006 


+0.003 
—0.004 


+0.002 
—0.007 


+0.001 
—0.001 


+0.001 
+0.001 


0 


+0.003 
—0.002 
—0.008 
—0.003 


—0.007 


—0.003 
—0.006 | 


—0.004 | 
—0.007 


—0.003 


Storep 1 Day Motp THEN ArR or 50 


TO 55 PER CENT RELATIVE 


—0.045 
—0.073 


—0.034 
—0.061 


—0.044 
—0.059 


—0.046 
—0.056 


—0.041 


| —0.054 


—0.045 
—0.056 


—0.043 


—0.039 


—0.046 
—0.066 


—0.034 
—0.067 


—0.043 
—0.060 


—0.043 
—0.061 


—0.041 
—0.050 | 


—0.043 | 
—0.051 | 
| 


—0.043 


Mo tp, 6 Days WATER THEN Arr OF 50 TO 55 PER 


—0.046 
—0.062 


—0.051 


| 


High-Early-Strength Cement 


1745 sq. cm. per g. 2160 sq. cm. per g./2520 sq. cm. per g./2440 sq. cm. per g./ 2665 sq. cm. per, 


2-in. 6-in. 2-in. 6-in. 
Slump | Slump | Slump | Slump 
0 . | —0.001 | ..... 
—0.002 | —0.001 | —0.002 0 
—0.004 | ..... —0.003 |... 
—0.006 | —0.003 | —0.003 0 
—0.001 | ....... | —0.002 | ... 
—0.003 | —0.003 | —0.004 | -0.m 
—0.003 | —0.001 | —0.003 | 
—0.003 | —0.001 | —0.004 | -0.m) 
—0.002 0 | —0.002 | -0.03 
—0.002 | —0.003 | —0.006 | 
—0.001 0 —0.002 | -0.00 
—0,001 | —0.004 | —0.006 | 
+0.001 | —0.002 —0.001 | 
HumIpity 
—0.035 | ....... | —0.037 | ... 
—0.061 | —0.062 | —0.069 | —0.01! 
—0.037 —0.039 | 
—0.064 | —0.062 | —0.065 | -0.06i 
—0.047 —0.046 | . 
—0.064 | —0.053 | —0.060 | —0.% 
—0.049 | —0.051 | —0.044 | -0.051 
—0.059 | —0.058 | —0.061 | -0.KH 
—0.045 | —0.046 | —0.046 | -0.05 
—0.054 | —0.059 —0.058 | —0.0% 
—0.050 | —0.049 | —0.048  -0.08 
—0.063 | —0.059 | —0.058 | —0.0H 


—0.047 | —0.049 | —0.048 | -0.08 


CENT RELATIVE HuMIDITY 


—0.059 
—0.060 
—0.060 


—0.035 
—0.055 


—0.039 
—0.045 


—0.044 
—0.048 


—0.043 


“ 1 bag filler (80.8 lb.) is equal by absolute volume to 1 bag cement. 


—0.048 | 
—0.059 | 


—0.053 | 
—0.058 | 


—0.052 
—0.062 


—0.050 


—0.038 
—0.069 


—0.033 
—0.068 


—0.050 | 
—0.060 | 
| 
| 


—0.052 
—0.060 | 


—0.049 | 
—0.056 | 


—0.050 
—0.054 


—0.045 


| 
—0.069 | 


—0.061 


—0.064 


—0.057 
—0.06} 


—0.056 
—0.060 


—0.048 | 


—0.033 | . 


—0.072 | 
0.042 | . : 
—0.064 | 
| |... 
—0.059 | -0.% 
—0.048 | 
—0.059 | 
—0.049 | 
—0.055 | 
—0.046 | -0.0# 
—0.057 | 
—0.040 | -0.# 


—0.048 | 


mi: 


818 
| ba 
| 
2 
= 
2% 
3 
3 | —0.00 | | 
3% +0.00 
roa 
tur 
: ( 
214 b 
34 —0.037 —0.03 ).045 
4 —0.048 | | —0.0: ).054 
4 | || 
5 —0.04 
6 
0.036 
0.066 73 0071 —0.090 pre 
2! —0.031 | ....... | —0.038 | .. 
3 —0.037 | ....... | —0.038 
3 —0.067 | —0.067 | —0.066 | — Th 
— 3! —0.040 | —0.037 | —0.051 the 
: 4 3! || —0.060 | —0.056 | —0.061 || | me 
_ 4 —0.044 | —0.042 | —0.043 
—0.043 | —0.046 | —0.052 
0.047 | | | 9 | 
pe 
4 4 


per g 
6-in. 
Slump 

i) 
—0.M 
—0.0 
-0.0 
—0.0 

| —0.071 
—0.06) 

—0.081 

» | 0.081 

4 | —0.08 

| -0.08 

| 

2) -0.085 
4) -0.00 
9 
9\ -0.0 
| —0.04 
9 | 
9 | 
5 | -0.6 
6 | - 0.08 
37 | -0.0 
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TABLE VII— Continued. 


MIXES 


Nominal Mix, 


Length per cent of 24-hr. 


road mixes and a 6-in. slump for struc- 
tural concrete. 

Optimum sand contents as determined 
by the preliminary tests of the various 


mixes were: 
. Sand, per cent 
Cement, bags | by weight of 
per > yd, total 
3 2. ; 


39.7 
36.4 
34.0 


In the leaner mixes, a further increase in 
sand was of no benefit. 

For identical slumps, workability im- 
proved as the cement content increased; 
cohesiveness increased and the mixes 
became more plastic and easier to mold. 
The wide range of mixes used indicated 
the limitations of the slump test as a 
measure of workability. 

Flow tests were also made on all 
batches. As cement content increased 


from 2 to 6 bags, flow decreased by about 
9 per cent for 2-in. slump and by 13 
In 


per cent for 6-in. slump concretes. 


per cu. yd. _ 
no Portland Cement | High- Early-Strength Cement 
| 1745 sq. cm. per 2160 sq. cm. per 12520 se cm. per g.'2440 sq. cm. per 8. 12665 cm. per g- 
Cement | Filler® | 4 in, 6-in. 2-in. | 6-in. 2- in. 6-in. 2-in. | 6-in. 2-in. 6-in. 
| Slump Slump | Slump Slump | Slump | Slump | Slump | Slump | Slump | Slump 
oa STORED 1 Day IN Mot, 13 Days IN Water; THEN ALTE RNATE AIR AND WATER Every 15 Days Sy 
2 0 | —0.024 | —0.035 | -0.030 | ....... | 0.027 |... | —0.033 | ..... 
2 3 —0.038 | —0.054 | —0.042 | —0.039 | —0.043 | —0.047 | —0.038 | —0.047 | —0.039 | —0.048 
2% 0 —0.019 se —0.020 | ....... —0.023 | ..... —0.034 | ; —0.037 | ..... 
2% 2% —0.018 | —0.032 | —0.038 | —0.031 | —0.040 | —0.043 | —0.043 | —0.043 | —0.042 | —0.038 
3 0 —0.023 | ..... —0.025 | ..... —0.030 : | —0.035 | . . | —0.039 nr 
3 3 —0.026 | —0.030 | —0.033 | —0.034 | —0.036 | —0.037 | —0.042 | —0.039 | —0.038 | —0.040 
3% 0 —0.024 | —0.017 | —0.028 | —0.023 | —0.037 | —0.033 | —0.034 | —0.035 | —0.034 | —0.037 
3ig 1% —0.027 | —0.025 | —0.033 | —0.031 | —0.032 | —0.033 | —0.043 | —0.036 | —0.043 | —0.039 
4 0 —0.034 | —0.023 | —0.030 | —0.021 | —0.029 | —0.037 | —0.033 | —0.037 | —0.034 | —0.040 
4 1 —0.026 | —0.024 | —0.028 | —0.026 | —0.030 | —0.030 | —0.037 | —0.037 | —0.040 | —0.038 
5 0 —0.024 | —0.024 | —0.027 | —0.025 | —0.030 | —0.035 | —0.029 | —0.030 | —0.037 | —0.036 
5 1 —0.025 | —0.029 | —0.031 | —0.026 | —0.030 | —0.034 | —0.034 | —0.040 | —0.036 | —0.038 
6 0 —0.023 | —0.025 | —0.024 | —0.019 | —0.026 | —0.028 —0.030 | —0.029 | —0.025 —0.032 


6-in. slump mixes, there was a critical 
cement content of about 33 bags below 
which it was impossible to produce this 
slump, although the mixes were satu- 
rated with water. The finer cements 
improved the workability, but in all 
mixes below 3} bags cement, the in- 
crease in fineness did not offset the lack 
of plastic material necessary for effective 
lubrication of aggregates. From the 
standpoint of workability alone, cement 
could be replaced by any material of 
equal or greater fineness. In these tests 
the pulverized limestone filler had about 
52 per cent of material finer than 7} yn, 
and was an effective plasticizer. 

In general, the quantity of mixing 
water per cubic yard of concrete for a 
given slump decreased as cement content 
increased as shown in Table A (p. 822). 
It is to be observed, however, that for 
conventional mixes of 5 and 6 bags, the 
water requirements per unit of volume 
of concrete were about the same, as has 
been pointed out by other investigators. 


819 
4 


Fic. 1. 
and 6-in. Slump Concrete. 
Sand and gravel aggregate graded from 0 to 14 in. 


Admixture: pulverized limestone—Surface area 3450 sq. cm. per g., specific gravity 2.71. 
Each point is average of 9 slump tests determined on 9 different batches. 


Plain With Admixture 
70 | \| Portland Surface | Portland Surface 
2.6 Area 1745 sq.cm. per q. Area 1745 sq.cm.per q. 
— i} % Mes T 
w20-- High - Early- Strength Cement High - Early- Strength ry 
Surface Area 2440 Surface Area 2440 
Sig. 3 , 99. Cm. per g. Sq.cm. per q. 
SSL 
200 5500S 600 200 «300 «4400S («500 G00 
Cement, Ib. per cu.yd. concrete 
2 3 4 6 2 3 4 5 6 
Cement, bags per cu.yd. 


3 2 
Admixture, bags (60.6lb) per cu.yd. 


Relation Between Cement Content and Water-Cement Ratio Required to Produce 2-in. 


] 


With Admixture 


] 


6-in. Slump 


Plain Concrete 


| With Admiature 


—__—_—2-in. 


Plain Concrete 
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TABLE A. 


Slump 


sq. cm. 
per g. 


\cu.yd. 


(1745 333 
4/2160 319 
(2520 326 


Portland cement 


High-early-strength cement} 304 = 


In general, the finer cements required 
less water for the same slump. 
Cement content and water-cement ra- 
tio for a given slump were intimately re- 
lated. Figure 1 shows this relation for 
two of the cements 
with filler. 


the water-cement ratio 


plain concrete and 
For the mixes with filler, 
is based on 
cement content only and not corrected 
for absorption. In mixes below 3 bags, 
the concrete with filler required slightly 


less water than the plain concrete, in 


7000 


Water per cu. yd. of concrete, Ib. 


6-in. Slump 


, | { | a | 
3! 2 3} 2 
$ 2 |4 bags 5 bags 6 bags 4 bags 5 bags 6 
of Ce-|of Ce- of Ce- of Ce- of Ce- 

. ment | ment | ment nt ment | ment | ment 
per | per per | per | per 


per | r | r |_ Per | | per 
cu.yd.|_P© yd. cu.yd. cu.yd, 


| 281 | 282 | 335 | 328 | ; 
| 275 | 278 | 309 | 309 
| | 314 | 310 
| 278 | 280 | 317 | 313 
| 277 | 272 | 316 | 319 


| 301 
305 | 


STRENGTH TESTS 
Effect of Cement Content on Strength: 


Strength data are given in Tables 
II to VI inclusive. The typical relation 
between cement content and compressive 
strength of moist-cured concrete, plain 
and with filler, is plotted for 2 cements 
in Fig. 2. Table VIII gives the average 
strength percentages in relation to a 
5-bag mix. 

Strengths decreased as cement content 
was reduced. The rate of strength de- 
crease changes at a cement content be- 
tween 53 and 6 bags. ‘The decrease in 
strength from a 5 to 4-bag mix was about 


| 


5000 — 
| 


> 
oOo 


Compressive Strength, psi 
o 


1938 Portland Cement, Surface Area 1745sq. cm. 


+ 
| 


| | 
0 
0 02 04 06 08 oO 12 
Water - Cement Ratio, cu.ft. water per cu.ft. (94lb.) cement. 


Fic. 3. 


14 16 16 20 22 24 26 26 30 


Water-Cement Ratio — Strength Relation for 1918 and 1938 Portland Cements. 


7 and 28-day compression tests of 6 by 12-in. cylinders, moist cured at 70 F. 


Cement, bags 
per cu. yd 


Hicu-E 


| bag! 
e- 
ment mer 
Rec 
299 Ceme 
| 290 9 
283 
300 6 to 5 
289 
| 2s: | ist 
— $to 2] 
te 
| Mix 
| 2 
4 
5 
PoRTLA 
| | 
4 
5 
6 
PoRTLA 
| | 2 
‘ or 3 
Tae’ 
| | 6 
& | ~ 
3 
| 7 | 4 
af 
| 
x 2 
A 3 
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twice as great as that from a 6 to a 5- 


bag mix. Below are the 


decreases in 28- 


day strength as indicated by the cement- 


strength curves. 


The greater decrease in strength in 
mixes below 5 bags is of much practical 


importance; 
mixes are more sensi 


it means that the leaner 


tive to changes in 


DEC REASE OF 28-DAY STRENGTH FOR REDUCTION IN CEMENT CONTENT, PSI. 
High-Early-Strength Portland 


Reduction in 
Cement Content 


ium | 
830 | 
1650 
1420 
800 


6 to 5 Bags. 
5 to 4 Bags 
4 to 3 Bags 
3 to 2 Bags. 


Portland Cement 


ement 


Ex sq. cm. per g. | 21 .| 2160 sq. sq. cm. per g. | 2520 sa. | cm. per g. 
| 6-in | 

Slump | 
1010 
1570 


~2-in. 
Slump | 


6-in. 


840 
| 1620 


Slump | 


- | 2440 sq. cm. | 


~?2-in. 
Slump 


2-in. 
Slump 


820 
1630 
1970 

860 


| 6-in. 
| Slump 
750 990 
1710 1560 
1640 
1010 


6-in. 


per g.| 2655 sq. cm. per g- 
| 2-in. 6-in. 


Slump | Slump 


1320 


| 1540 | 1700 
1640 
1090 | 


1200 


hs TABLE VIII—EFFECT OF CEMENT CONTENT ON COMPRESSIVE STRENGTH OF MOIST | 

CURED CONCRETE. 
Strength expressed as percentage of strength of 5- ang plain concrete mix. 
Strength ratios are calculated from curves as in Fig. 2 


Plain Concrete __| 
Percent of 
Strength of 
5-bag Plain 

Concrete Mix 


| 


With Filler 


| Percent of 
Strength of 
5-bag Plain 

Concrete Mix 


Cement, bags 
per cu. yd. 

1 day 

Cement, bags “| 


28 days 
3 months 


2-IN. 


PORTLAND ee AREA 1745 


CM. PER G. 


2 | 10! 8! 10) 10! 
3 | 23, 27, 29) 31! 
4 | 56| 59) 62\ 64) 4 
|100,100 100100!100| 
6 131/129 121 119]117 


2|3| 


22! 18| 20| 21| 23 
51| 40| 43| 42) 44 
1 | 98| 74) 77| 74| 72 
1 |127/105/103| 94| 93 


Plain 
Percent of 
Strength of 
5-bag Plain 

Concrete Mix 
| 


Mix 


Cement, bags 
per cu. yd. 
Cement, bags 


Z 3 months 


PorRTLAND CEMENT—SURFACE 
% | 36 41] 43/ 2 
4 | 48 55| 55| 59| 60, 3 
5 100 100,100,100, 4 
6 5 


per cu. yd. 


/157| 143 140 126) 1124) 


___ With Filler 
Percent of 
Strength of 
5-bag Plain 

Concrete Mix 


‘Filler, bags 
per cu. yd.* 


AREA 1745 SQ. CM. PER G 


1 

3 15 15} 16) 17 
2 50| 42° 44) 39) 39 
1 86| 76 76 65| 64 
1 106 105 | 90) 89 


PorTLAND CEMENT— SurFACE AREA 2160 SQ. CM. PER G. 


11) 11! 11! 11! 


{ 


Peastaup CEMENT—SuRFACE AREA 2160 SQ. CM. PER G. 


26, 27| 29) 30) 
52, 61, 64! 65) 
100 100 100 100/100! 
148 129 125/116 /118| 


3 | 21! 19! 18] 18 
2 | 48\ 45| 42) 44 
1 | 87| 81| 77| 72| 71 
1 |121|111| 98) 90! 89 


PORTLAND Cement— AREA 2520 SQ. CM. PER G. 


2 6 9 10 10! 11) 2 
3 17, 23, 26, 28; 3 
4 52; 59 63) 67| 68) 4 
5 100.100 100 100 100, 5 
6 158 123 120,116 118) 
Hicu-Eary- ‘STRENGTH 
SQ. CM. PER G. 


2 10 11, 13) 13! 14) 2 
3 27| 33. 35| 34| 3 
4 58| 67| 68| 4 
5 100 100 100:100 100) 5 
6 143 125 123/120 122| 


3 24| 16! 16| 18| 20 
2 | 46) 41) 44] 45| 44 
1 | 81| 74| 76| 77| 78 
1 101/103 


| | 


SurFaceE AREA 2440 


23 22| 21| 21 
40| 46| 47, 44) 43 
72| 76| 79| 73) 72 


108,111 |#08) 104 


3 
2 
1 


3% | 47| 41) 43 
4 $8) 60 63, 64) 3 
5 |100,100/100 100 100, 4 
6 |122,134/129 119/118) 5 


2 


PORTLAND CEMENT—SURFACE 

3% | 31! 37| 46! 48! 2 
| 50, 54) 53| 64) 3 
100 100 100100100, 4 
|146 123,122,116 115) 5 


HiGH-EARLyY-STRENGTH 
AREA 2440 sq. 


3% | 38! sol 52! s1| so| 2 
4 54| 62) 65 66, 65) 3 
5 \100' 100 100 100100 4 
6 134'127 120120121 5 


PORTLAND 


3 | 31| 16 16! 16 18 
2 | 58 39) 39| 38 41 
1 | 93 72 71| 68 68 
1 [133/103 104) 95) 94 


- AREA 2520 SQ. CM. PER G. 


3 | 23| 16| 19) 19) 19 
2 | 50, 39| 40) 40) 42 
1 | 93, 70, 71) 68) 68 
|129| 97, 96) 91| 88 


CEMENT —SURFACE 
CM. PER G. 


3 18) 20 20, 20 
2 39 43 45) 43 
| 68) 79) 76, 75 
1 97,107 101 100 


STRENGTH CEMENT- -SURFACE AREA 2655 
CM. PER G. 


2 12! 14| 14! 16! 2 
3 30) 35| 36, 37, 3 
4 60) 67) 68 70) 4 
5 100/100 100 100 100 5 118/111 103) 108/115 
6 143/126 124 124 125) } | 


“4 bag of filler (80.8 Ib. ) is equal by ‘absolute volume to 1 bag cement. 


HicH-EARLy-STRENGTH PORTLAND CEMENT 


SURPACE 
AREA 2655 SQ. CM. PER G. 


21| 21| 23| 22| 23 
149) 17 
35| 44 
64, 76 
| 96) 99 


40| 48| 47) 48, 2 | 3 
58| 67| 64, 62: 62 3 2 
100,100 100100100 4 1 
/134/121/121/129 132) 5 | 1 


18) 19 
42 43 
74 76 
97/100 


3 
2 
1 
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cement content and that such mixes 
require very careful control of quantities 
to assure consistent results in the field. 

Figure 3 compares water-ratio - 
strength curves of a modern cement 
with the 1918 cements used by Abrams.‘ 
To produce 2000-psi. 28-day concrete, a 
water-cement ratio of 1.0 is indicated 
for 1918 cements. A modern portland 
cement produces the same strength with 
a water-cement ratio of 1.35. The 1918 
water-cement ratio required about 4} 
to 5 bags per cu. yd., or 1 bag more than 
is required with present-day cements. 
Modern 7-day strengths are higher than 
the 28-day strengths in 1918. Thus, 
from the standpoint of strength alone, 
and ignoring durability, the modern 
cements permit a great reduction in 
cement content as compared to the 
cements of 20 yr. ago. 

Water-cement ratio—strength curves 
for the portland cements used in these 
tests are shown in Fig. 4. These curves 
are similar to those of Abrams, but show 
greater strengths at all ages. 


Effect of Cement Fineness on Strength: 


Increase in cement fineness improved 
compressive strength at all ages. How- 
ever, the effect of fineness was greater 
at ages up to 7 days than at later periods. 
The table below gives percentages of 
increase for portland cement, based on 
tangents drawn to curves at 2100 specific 

surface (Fig. 5). 
PERCENTAGE STRENGTH INCREASE PER 100 
SQ. CM. INCREASE IN SPECIFIC SURFACE. 


2-in. Slump 6-in. Slump 

| 7 | | 

4.6) 6.3 8.910.3| 8.3| 7.6| 7.6. 7.7 
2.1) 5.8) 4.5) 4.4) 7.0) 6.4) 6.7) 4.5 
4.5, 5.0) 3.6) 4.1) 5.0) 5.2) 4.7) 2.6 
2.3, 3.3) 1.8) 1.7| 4.5] 2.9) 0.9 
1.2) 2.4) 1.5] 1.3} 1.6) 3.2) 2.0, 0.9 
4 D. A. Abrams, ‘Design of Concrete Mixtures,” 


Bulletin 1, Lewis Inst., Chicago, Ill. (1918). 
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Strengths of the high-early-strengt) 
cement were similarly improved by jp. 
creasing fineness. At 24 hr. the high. 


early-strength cement had twice the 
strength of the portland cement of the 


same fineness, indicating that fineness js 
only one of the factors responsible for 
the high-early-strength qualities. 


Effect of Filler on Strength: 


Typical strength and water-cement 
ratio curves for mixes with filler ar 
plotted in Figs. 1,2,and4. The addi- 
tion of filler to the mixes containing 2 
to 4 bags of cement increased the con- 
pressive strength. Strengths at 28 days 
and 3 months of the 5-bag mixes wer 
generally reduced by addition of filler. 

When the filler is used as a third 
aggregate, it improves the strength of 
those mixes which have insufficient fine 
material to make plastic concrete. Since 
the filler was chemically inert, this 
strength increase must be due to im- 
provement of the physical characteristics 
of the mix. The effectiveness of the 
filler decreased as cement content in- 
creased until the filler became harmful 
in mixes richer than 5 bags. This ha 
been previously indicated by Abrams 
who studied the effect of various at 
mixtures in concrete with 6 bags of ce 
ment per cubic yard. 

When the filler is considered as a sul- 
stitute for cement, it reduces the 
strength in proportion to the amour! 
of cement it replaces. Figure 6 show: 
the strengths of portland-cement co 
crete in which cement was replaced ly 
an equal absolute volume of filler. 
general these results are similar to thos 
described by McMillan and Powers’ 

The following table gives compé 
ative amounts of cement and col 


8D. A. Abrams, “Tests of Powdered Admixture > 
Concrete,” Am. Soc. Testing Mats., Vol.’ 
art II, p. 618 (1929). ; 
R. McMillan and T. C. Powers, “A Method 
Evaluating Admixtures,’”’ Proceedings, Am. Concrete Iss, 


Vol. 30, p. 325 (1934). 


Strength, psi. 


v 
> 
v 
a. 
E 
° 


~ 


| 
‘ 
I 
3 
2( 
+ 
4 
14 


GRUENWALD ON LEAN CONCRETE MIXxEs 


Plain Concrete 


With Admixture 


Surface Are 


cm. per g. 
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Mixing Water, gal. 
Water-Cement Ratio — Str 


Compression tests of 6 by 12- 
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ength Relation for Portland Cements. 
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2-in. Slump 


6-in. Slump 
T T 
Surface Area 1745 sq. cm. per g. 


| Surface 


mt. 
h cement. 
evlinders 


and ceme 
-atrengt 
oy 


h-carly 


of 


= hi 


asion 


1 
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Dash lines 


$q.Cm. per g. 


‘ Lot 
200 300 400 470 500 200 
Cement, cu.yd. concrete 


250 200 150 100 50 0 250 200 150 100 50 0 
Admixture, |b. per cu.yd. 


Fic. 6.—Effect of Admixture on Strength, When Replacing Portland Cement in a 5-bag Mix. 
Compression tests of 6 by 12-in. cylinders, moist cured at 70 F. 
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Cured 3days Moist, then Air 


Cured Moist, then Air 


Portland Cement 
Surface Area — 
Sq. cm. per q. 


Portiand Cement | 
| Surface Area 2160} 


$q.cm.perq. 4 


Portland Cement Surface Area 

42520 sq.cm. __ a. 

per g. 


>, &. 


gth 


Compressive Stren 


Surface Area | 
'24405q 

cm.perg. 
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rly- Portland fement 


Surface Area 
2655 sq. | 


rly- Strength Portland Cement 


t6d 
Age at Test, log scale. 


3mo.'d 3d. 74 


Cylinders tested as cured. 


id 


Fic. 7.—Age-Strength Relation for Plain Concrete and 3 Curing Conditions, 2-in. Slump. 
Compression tests of 6 by 12-in. cylinders. 
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bined cement and filler required for a 
given 28- day strength, with 2-in. eae 


Type of Cement 


2500-LB, CONCRETE 


Portland cement 1745 365 


High-early-strength | 2440 335 
cement 


3000-LB, CONCRETE 


Portland cement 1745 390 


High-early-strength 2440 360 
cement 


3500-LB. CONCRETE 


Portland cement 1745 420 | 400! 60! 3.0 


2440 390 365} 82) 3.3 
cement 


The data show the cement to be 3 to 
4.5 times more effective in improving 
strengths than an equal amount of filler. 
Effect of Curing on Compressive Strength: 

Age-strength curves for all cements 


mixes. Air-cured specimens gained 
practically no strength after 28 days; 
in a number of cases their 3-month 
strengths were lower than at 28 days. 
In addition, they had lower strengths at 
3 months than the corresponding moist- 
cured specimens. Similar observations 
have been previously reported.’ 

As cement fineness increased, the dif- 
ference in strength due to air curing 
diminished and was least with the high- 
early-strength cements. The finer ce- 
ments and particularly the high-early- 
strength cements hydrate at a more 
rapid rate and make more effective use 
of 1 and 3-day moist curing. 

Air-cured mixes with filler generally 
showed smaller difference in strength 
at 3 months than the plain mixes. The 
effect of air curing on strength is given 
below for the 2-in. slump concrete. 
Values in the table are calculated from 
the curves in Fig. 7. Results for 6-in. 
slump are similar. 


3-MONTH AIR-CURED STRENGTHS EXPRESSED AS PERCENTAGE OF 3-MONTH MOIST-CURED | 
STRENGTHS—2-IN. SLUMP. 


- bags of cement per cu. 


| Moist | Moist 
Specific 

cured | cured 
| Surface iday | 3 days 


Moist | Moist 
cured | cured 
3 days | 1 day 


CONCRETE 


Portland 


High-earl 
“strength 


Portland 


High-earl 
“strength 


93 


105 
109 


and mixes of plain 2-in. slump concrete 
are shown in Fig. 7. All specimens 
Were tested as cured. 

All moist-cured specimens gained 
steadily in strength. The rate of 
Strength gain was greater for the richer 


The above results indicate the high- 
early-strength cement to be the more 
effective from the standpoint of rapid 
curing. 
7H. F. Gonnerman, “Study of Methods of Curing 


Concrete,’’ Proceedings, Am. Concrete Inst., Vol. 26, p. 359 
(1930). 


| | | | 
ain iller 
Con- |__| Filler 
cm. | crete. | os to 
Sq. Cement, & - |Cement 
perg- | lb. Re- 
| [5S placed 
| 
25| 125) 3.1 
60| 95) 3.1 
Moist | Moist | Moist | Moist | Moist | Moist 
Cement cured cured | cured | cured | cured | cured 
1 day 3 days | iday | 3days | 1 day | 3 days 
Pauw 
| 1745....| 70 72 67 82 69 82 66 85 72 75 
2160....| 87 95 78 83 77 86 71 88 14 87 
2520....) 74 85 82 97 74 93 86 95 87 95 
2440....| 95 100 88 110 98 103 87 103 92 100 
2655....| 99 118 104 124 102 111 95 104 98 100 
CONCRETE WITH FILLER 
| 1745....| 61 85 65 98 69 92 74 94 ~ = 
2160....| 73 96 717 91 73 86 77 87 Se = 
2520....| 84 106 88 107 78 = 79 92 ts oe 
240... 116 132 100 122 94 88 96 
GSS 11? 140 102 179 93 101 
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TABLE IX.—RELATIVE DURABILITY OF CONCRETE. 


Freezing-and-thawing tests of 6 by 6 by 3-in. concrete blocks, frozen at —20 F., thawed to 70 F. 
Number of cycles to produce 25 per cent weight loss, taken from curves as in Fig. 8. 


2-1n. Stump; Curep 1 Day in MoLp 2 Days WatTeR Prior To TEST 


Plain Concrete 


yd. 


14 
(47) 
17 
(53) 
16 
(36) 


17 
(38) 


25 
(44) 


23 
(39) 
27 
(44) 
28 
(41) 


23 
(40) 


19 | 26 
(31) | (43) 


(49) 
39 


(6) 


yd. 


18 


(60) 
20 
(62) 
23 
(51) 
24 45 | 
(53) | (100) | 


34 
(60) 


32 
(54) 


36 


32 


34 
(56) 


8 
(40) 


13 
(46) 
13 
(38) 


12 
(35) 


14 
| (42) 


“ Bags of filler; 1 bag (80.8 Ib.) equals 1 bag cement by absolute volume. 


Surface | 
area, 
Cement sq. cm. | 2 bags | 3 bags 
yd. 
Portland 1745 10 
(33) 
2160 13 
(41) 
2520 11 
(24) 
High-early- 2440 12 
strength (27) 
2655 19 
(33) 
Portland 1745 16 
(27) 
2160 18 
(30) 
2520 20 
(29) 
High-early- 2440 16 
strength (28) 
2655 
Portland 1745 
2160 
2520 
High-early- 2440 
strength 
2655 
6-IN. SLump; Curep 1 Day 
Portland 1745 ; 
2520 
High-early- 2440 
strength 
2655 


| 
(SS) 


17 
(61) 
18 
(53) 
17 
(50) 


18 
(55) 


IN Mow AND 27 


25 | 
(53) | 
(64) 
28 
(53) 


24 
(55) 


19 
(50) 


Figures in parentheses denote percentages based on 5-bag plain concrete mix. 


bags 
| per cu. 
yd. yd. 


3 
(10) 
(19) | (25) 


5 
(11) 


3 
(7) 
4 
(7) 


5 
(8) 


4 
(7) 


6-1N. SLump; Curep 1 Day 1n MoLp ANp 2 Days IN WATER Prior To TEST 


With Filler* 


| | \" | | 
3} bags | 4 bags s bags | 6bags | 2+3 | 3+2 34 + 1h 
per g. |per cu. percu.| per cu.| per cu. | per cu. 


10 
(33) 
10 
(31) 
12 
(27) 


10 
(22) 


2-1In. SLump; Curep 1 Day In MoLp AND 27 Days In WaTER Prior To TEST 


16 
(27) 


15 


(25) 
18 
(26) 
17 
(30) 


17 
(28) 


1 
(S) 
4 
(14) 
4 
(12) 
3 
(9) 


2 
(6) 


Days IN WATER Prior To Test 


1 
(2) 


2 
(S) 


5 
(9) 


3 9 
(7) | (20) 


| 
(8) 


5 
(25) 
8 
(29) 
9 
(26) 
9 
(26) 


6 9 
(18) | (27) 


| 
(23) | (36) | (6) 


12 
(27) 


19 
(36) 
13 
(30) 


13 
(34) 


“28 
(53) 


4+1 | 

bags bags | bags 

per cu.| percu. | percu. percu, 
| yd. yd. yd. 


13 4 
(43) (80) 
13 
(40) (69) 
16 
(36) (62) 
15 | 32 
(33) (71) 
| 
(40) (72) 
23 
(39) (73) 
22 
(36) (67) 
(41) (77) 
23 
(40) (70) 
25 47 
(41) | (77) 
| 6 
(40) | (80) 
1 19 
(39) (68) 
2 2 
(35) (65) 
13 | 
(38) (68) 


18 33 
(41) (73) 


| 
} 


53 
(100) 
18 33 
(41) (75) 


18 35 
(47) | (9) 
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Cured! day,Mold,2days Water | Cured | day,Mold, 27days Water 
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aie Fic. 8.—Cement Content - Durability Relation for Portland Cement. 
Freezing-and-thawing tests of 6 by 6 by 3-in. concrete blocks, frozen at —20 F., thawed at 70 F.; 1 cycle per day. 
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Plain Concrete With Admixture 
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2 days Water 
2'Idays Water Cured: 


Iday Mold, 2days Water 
N “aw Mold, 27days Water 


es 


Lu 


Surface 


Cured: 
Iday Mold, 2days Water 
~7Aday Mold, 27 days Water Cured: 
Mold, 2 days Water 
\ day Mold, 27days Water. 


PY 


Surface Area 257 


Cured: 
Mold, 2days Water 
day Mold, 27 days Water Cured: 
+—Iday Mold, 2days Water —+- 
day Mold, 27 days Water 


£ 
£ 
° 
c 
a 
w 
N 
> 
a. 
VY 
3 
z 
‘ 
z 
N 
c 
od 


N 


—+— 


$6 05 10 12 16 16 18 20 22 24 26 280608 10 12 14 16 18 20 22 2h 26 28 


Water - Cement Ratio, cu.ft.water percu. ft.(94lb.) cement 


567.8 9 1011 1213 1415 161718 1920 5678 9 1011 1213 1415 1617 18 19 20 
Water, US.gal. per bag (941b) cement 


Fic. 9.—Water-Cement Ratio — Durability Relation for Portland Cement. 
Freezing-and-thawing tests of 6 by 6 by 3-in. concrete blocks frozen at —20 F., thawed at 70 F., 1 cycle per day. 


7 mixes with 2-in. slump; 4 mixes with 6-in. slump. 
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Plain Concrete With Admiature 
Surface Area 1745 sq. cm. per g. 
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__ Fic. 10,—28-day Compressive Strength - Durability Relation for Portland Cement. 
Freezing-and-thawing tests of 6 by 6 by 3-in. concrete blocks, frozen at —20 F., os at 70 F., 1 cycle per day. 
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DURABILITY 


In general, freezing and thawing pro- 
duced only nominal losses in weight of 
concrete specimens up to a certain 
point, beyond which however, disintegra- 
tion progressed very rapidly. The num- 
bers of cycles producing 25 per cent loss 
in weight were interpolated from curves 
in which weight losses were plotted 
against cycles of freezing and thawing. 


Effect of Cement Content, Water-Cement 

Ratio and Strength: 

Characteristic relations between dura- 
bility and cement content are shown in 
Fig. 8. Table LX gives the durability of 
the various mixes in freezing-and-thaw- 
ing cycles and as a percentage of a 5- 
bag plain mix. 

Increase in cement content was accom- 
panied by a relatively higher rate of 
increase in resistance to freezing and 
thawing. Addition of one bag of cement 
to a 2-bag mix increased resistance by 
10 cycles; to a 5-bag mix by 40 cycles. 

For the same cement content, 6-in. 
slump concrete had less resistance than 
2-in. slump. This decrease was pro- 
portional to the increase in water-cement 
ratio. 

Figure 9 shows an intimate relation 
between durability and water-cement 


ratio. Resistance increased at a greater 
rate in the low water-cement ratio 
range than in the high range. For a 


given cement there was also a definite 
relation between durability and strength 
as shown by Fig. 10. 


Effect of Cement Fineness: 

For equal cement contents the finer 
cements gave greater resistance to freez- 
ing and thawing. This was most notable 
for specimens cured only three days be- 
fore test. For this curing condition the 
finer portland cements showed better re- 
sistances, ranging from 10 per cent in lean 
mixes to 78 per cent in rich mixes over 


the corresponding concrete with the 
coarsest cement. For the same range 
of mixes, the high-early-strength cement 
had 20 to 100 per cent greater durability, 
This is explained by the greater degree of 
hydration which the finer cements and 
especially the high-early-strength cements 
attain at the early ages. For specimens 
cured 28 days the finer cements and the 
high-early-strength cements showed in- 
creases up to 20 per cent for concretes of 
the same cement content. 

The finer portland cements and the 
high-early-strength cements produced a 
given 28-day strength with lower cement 
contents than the 1745 sq. cm. per g. 
surface area cement. Where this de- 
crease in cement content was accom- 
panied by an increase in water-cement 
ratio, resistance to freezing and thawing 
was reduced. The water-cement ratio 
for a given durability was about the 
same for all five cements tested, re- 
gardless of what 28-day strength these 
cements produced. It is therefore ap- 
parent that, so far as durability is 
concerned, the water-cement ratio alone 
is the governing factor. Hence, if a 
given durability is desired, a limiting 
water-cement ratio should be specified, 
regardless of strength, fineness or cement 
content. Addition of filler reduced 
durability of all mixes for both curing 
conditions. Materials of the type em- 
ployed in these tests should not be used 
as admixture or filler where concrete 
durability is desired. 


VoLUME CHANGES 


Volume changes at 3 months are given 
in Table VII and shrinkage results for 
air curing are plotted in Figs. 11 and 12. 


Water Storage: 


Only very slight volume changes were 
noted in any of the specimens stored in 
water. No appreciable differences wert 
found for varying cement content, 


Plain Concrete -2-in. Slump, Cured Iday in Mold, then in Air of 50 per cent Relative Humidity 
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fineness, or type. In general, there 
were small contractions at the age of 3 
months. The only exceptions were the 
6-in. slump specimens of portland cement 
with finenesses of 1745 and 2160, which 
showed slight expansions with increasing 
cement content. 

Volume changes at 3 months ranged 
from —0.006 per cent to +0.007 per 
cent for plain concrete, and from —0.011 
per cent to +0.007 per cent for mixes 
with filler. 


Air Storage: 


No definite relation between cement 
content and air shrinkage is indicated 
by the 3-month results. For 2-in. 
slump concrete shrinkage decreased as 
cement fineness increased. For 6-in. 
slump concrete the reverse was found. 
Water curing for 6 days decreased 
shrinkage somewhat. 

Shrinkage of high-early-strength ce- 
ment concretes averaged nearly the same 
as the portland cement results for the 
2-in. slump specimens. In 6-in. slump 
concrete the high-early-strength con- 
crete shrinkage was higher than for the 
coarser normal portland cements, but 
was about equal to the one of comparable 
fineness. Averaging all mixes, we find 
the 3-month shrinkage ranging from 
0.47 in. to 0.61 in. per 100 ft. depending 
on slump and fineness. 

Additions of filler increased the shrink- 
age of all mixes. Average 3-month 
shrinkage ranged from 0.55 to 0.73 in. 
per 100 ft., an increase of 18 to 23 per 
cent over the plain concrete. 


Alternate Storage: 


Studies of alternate wet and dry 
storage specimens are not completed. 
The 3-month data in Table VII are 
shrinkages after a 14-day drying cycle. 


MoputLus oF ELASTICITY 


Stress-strain relationships were de- 
termined for all mixes, all cements, and 


all curing periods. 
calculated at 800 psi. The general 
relation between compressive strength 
and modulus of elasticity for 2 cements 
is shown in Fig. 13. The curves are 
similar to those published by Walker! 


Secant moduli were 


TABLE X.—MODULUS OF ELASTICITY OF 
CONCRETE. 


Tests of 6 by 12-in. cylinders. 
Values taken from curves as in Fig. 13. 


Secant Modulus of 
Elasticity at 800 psi., 
million psi.* 
Plain With 
og Concrete Filler 
face 
Cement | Area, 3 | 
pre! 
| 
a2 
= | A ” 
Portland 1745 | 2000 2.86 2.45'2.45 2.85/2.4 2.45 
| 2160 2.83,2.3 |2.35'2.95 2.45 2.5 
2520 | 2.95\2.2 |2.25'3.202.2 (2.45 
| | 
High-early- 2440 | 2.95.2.5 2.45 
strength | 2655 | 3.00 2.5 |2.45\2.65:2.4 2.45 
Portland 1745 3000 (3.55\3.3 (3.25 3.75/3.3 3.45 
2160 3.60 3.2 '3.15.3.80 3.25 3.65 
2520 
High-early- 2440 3.80 3.2 
strength 2655 13.90 3.30 3.20 3.55.3.2 3.2 
Portland 1745 4000 4.1 4.45 4.0 4.2 
2160 4.20 4.0 |3.75 4.45 3.85 4.7 
2520 4.30'3.75|3.80.4.453.8 3.7 
| 
2440 34 
strengt | 2655 (3.85 3.8 
Portland | 1745 | 5000 4.484.45| .. 5.05/45. 
2160 4.70'4.60.4.2 4.25 
2520 4.3 |4.804.4 4.1 
2440 | 4.95 4.65/4.35 4.8 |4.154.2 
strength | 2655 | 5.05|4.35/4.25 4.75/4.3 4.3 


* Calculated from stress-strain relation curves. 


Modulus of elasticity appears to be 
roughly a function of compressive 
strength regardless of mix or slump an 
regardless of the age at which a givel 
strength is attained. Cement finenes 
or type of cement had little effect. It 
must, however, be noted that the fine 


8 Stanton Walker, ‘Modulus of Elasticity of Cot 
crete,”’ Proceedings, Am. Soc. Testing Mats., V 
Part II, p. 510 (1919). 
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cements and high-early-strength cements 
attain strengths more rapidly and have 
correspondingly higher moduli at early 
ages. Addition of filler had little effect 
on the modulus-strength relation. 

Table X gives moduli of elasticity for 
compressive strengths from 2000 to 5000 
psi. for both plain mixes and those with 
filler for three curing conditions. The 
data were taken from the strength- 
modulus curves. 


SUMMARY AND CONCLUSIONS 


1. Plain concrete mixes containing 
less than 4 bags of cement were deficient 
in plastic material and lacked work- 
ability. The optimum sand _ content 
ranged from 34 per cent for the 6-bag 
mix to 45 per cent for the 2-bag mix. 
These lean mixes were improved in 
workability either by additional cement 
or an inert filler. 

2. Compressive strength decreased 
with reduction in cement content; the 
rate of decrease was twice as great in the 
lean-mix as in the rich-mix range. Close 
control of quantities, especially of water, 
is essential for consistent results with 
low cement factors 

3. Addition of inert filler to mixes of 
4 bags or less improved strength, but 
increased drying shrinkage and lowered 
resistance to frost action. Recourse to 
filler materials should be avoided where 
shrinkage and durability are factors. 

4. Increased cement fineness improved 
workability but was ineffective in mixes 
with 33 bags or less. Increase in cement 
fineness was accompanied by an increase 
i compressive strength at early ages; 
the effect was less at later ages. High- 
early-strength portland cements gave 
substantially greater strengths up to 7 
days than portland cement of equal 
fineness. 


5. Water-cured specimens gained 


steadily in strength up to 3 months, 
while air-cured specimens showed practi- 


cally no strength gain after 28 days. 
Air-cured specimens had lower 3-month 
strengths than moist-cured specimens; 
however, this strength decrease was less 
for the finer cements. The high-early- 
strength cement showed the least 
difference between air- and moist-cured 
strengths, indicating the greater curing 
efficiency of this type of cement. 

6. Shrinkage on drying varied little 
with cement content, but was affected 
by the consistency of the mix. Increas- 
ing the fineness of portland cement de- 
creased shrinkage of 2-in. slump concrete 
but increased it in 6-in. slump mixes. 
Shrinkage of high-early-strength con- 
crete was comparable with that of port- 
land cement concrete for 2-in. slumps, 
and with high-fineness portland cement 
for 6-in. slumps. 

7. Additions of filler to the mix raised 
the 3-month average shrinkage from 
0.55 in. to 0.73 in. per 100 ft. 

8. The secant modulus of elasticity at 
800 psi. was roughly dependent on com- 
pressive strength, regardless of mix or 
age. For a given compressive strength, 
the modulus of elasticity was about the 
same for all cements. A given modulus 
of elasticity is attained sooner for the 
finer cements and the high-early-strength 
cements. For equal strengths air- 
cured concrete had a lower modulus of 
elasticity than moist-cured concrete. 

9. Durability as measured by resist- 
ance to freezing and thawing decreased 
as cement content decreased. Reduc- 
ing cement content from 5 to 4 bags 
decreased durability by about 43 per cent 
while an increase from 5 to 6 bags im- 
proved durability about 64 per cent. 
For mixes of the same cement content, 
the finer cements produced concrete of 
somewhat greater durability. 

10. Concretes without filler of the 
same water-cement ratio had about the 
same durability, regardless of cement 
fineness or 28-day compressive strength. 
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Water-cement ratio was the governing 
factor for durability. Shortening the 
curing period prior to test reduced dur- 
ability; this reduction was smaller as 
cement fineness increased and least for 
high-early-strength cement. 

11. Addition of filler reduced dur- 
ability of concrete in all cases. Plain 
concrete, even in the lean mixes, showed 
greater resistance to freezing and thaw- 
ing than the comparable concrete with 
filler. In general, for the same water- 
cement ratios concrete with filler had 
from 12 to 27 per cent less resistance 
than plain concrete. 

12. The water-cement ratio was shown 
to govern not only strength but also 
durability of plain concrete. It also 


determines amount of cement necessary 
to produce a given workability. 

13. The modern cements produce a 
28-day strength of 2000 psi. with a water- 
cement ratio of 1.34 to 1.46 as compared 


to 1.0 for cements 20 yr. ago. Thus, if 
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strength alone were considered, the 
cement content for a 2000-psi. concrete 
could be reduced to 4 bags or less but the 
high water-cement ratio of such mixes 
would result in concrete of low durability, 

14. All of the cements followed the 
water-cement ratio-—strength relation 
established by Abrams, but with the 
important difference that present 7-day 
values were all higher than 28-day 
strengths of 1918 cements. 

15. With the greater strength-produc- 
ing properties of modern portland 
cements, strength specifications alone no 
longer assure other necessary qualities 
in concrete. When durability of con- 
crete for weathering or workability for 
proper placing is a factor, limitations on 
water-cement ratio or on a minimum 
amount of cement should be used in 
addition to a strength requirement. 
Even specifying the time-honored 28-day 
strengths to be attained at 7 days would 
do much to bring many concrete specifi- 
cations in line with present-day cements. 
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Mk. W. S. Ettiotr.'—New York City 
recently adopted a new Building Code. 
When the Charter Revision Commission 
studied that code, consultants were 
brought in in the writing of specifications 
for concrete. In spite of the data on 
durability such as those shown by Mr. 
Gruenwald, they specified plain concrete 
to develop a strength of 1500 psi. at 28 
days, reinforced concrete grade A 1750 
psi., and grade B 2200 psi. On any- 
thing better than grade B they specified 
what is known as controlled concrete, 
in which a laboratory has to prede- 
termine a mix on the basis of the 
water-cement ratio- strength relation- 
ship and for the materials proposed 
for use. 

No one seems to make any attempt 
to impart sound technical information 
concerning concrete to the average 
engineer or architect, except the Port- 
land Cement Assn., and those reports 
are apt to be considered partisan. We 
have made good use of their booklet 
“Design and Control of Concrete Mix- 
tures,” by handing it to everyone 
actively connected with concrete con- 
struction. Would it be possible for 
the A.S.T.M. to devise some way of 
imparting the data brought out by mem- 
bers, in papers presented, to the rank 
and file of engineers and architects who 
are vitally interested in concrete con- 
struction? We can never expect all 
interested parties to become members 
and to obtain copies of the Book of 


‘Engineer of Tests, Department of Public Works, 


New York City. 
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Standards and the Proceedings. How- 
ever, we could go a long way towards 
carrying out the chartered purpose of 
“promotion of knowledge of the mate- 
rials of engineering and the standardiza- 
tion of specifications and the methods 
of testing,” by distributing free,or at a 
nominal cost, the pertinent information 
on any subject such as concrete. 
Messrs. H. J. GiLtKEyY? AND GLENN 
Murpuy? (by letter). For the most part, 
the results secured in this extensive and 
orderly series of tests are confirmatory 
in that they support conclusions pre- 
viously drawn from many earlier tests. 
There are, however, so many interrelated 
aspects and active fronts to this inter- 
esting material, concrete, that laboratory 
findings do need to be checked and re- 
checked, for not a few of the earlier 
conclusions have been found untenable. 
In addition, only too often do even 
undisputed laboratory facts require 
much reiteration before they penetrate 
to the consciousness of many of those 
who should be actively applying them. 
The “lag” is not alone between the 
laboratory and the field, as may be ap- 
parent from parts of this discussion. In 
the main, however, the writers have 
commendation only the highest of the 
excellent investigational job here 
ported. 


Shrinkage: 


One of the most interesting indications 
is the evidence of the upper half of 


2 Professor and Head, and Associate Professor, re- 
spec Department of Theoretical and Applied Me- 
chanics, lowa State College, Ames, Iowa. 
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Fig. 11 which shows how nearly neg- 
ligible both the fineness of the cement 
and the richness of the mixture appear 
to be in their effect on the amount of 
shrinkage from the drying out of the 
2-in. slump mixture. The marked 
shrinkage of neat cement caps, pats, 
and specimens, and the high volume 
changes of mortar toppings to sidewalks 
and floors, from wetting and drying, 
seem to supply irrefutable evidence that 
in spite of the reassuring indications 
of these tests, the cement content of a 
mixture cannot be disregarded where 
shrinkage is important. 

In considering the general shrinkage 
or volume-change phenomenon, one 
should also keep in mind that, while 
for many concrete structures volume 
changes from drying and wetting or 
from temperature changes due to 
weather changes are the only ones of 
importance, in a mass-concrete structure 
the volume change from the heat of 
hydration is usually of greater im- 
portance than that from other causes. 
There the richness of the mixture is a 
vital consideration, for the amount of 
heat generated will be in direct propor- 
tion to the amount of a given cement 
that is present. The fineness of a given 
cement will, on the other hand, have 
a much greater influence upon the rate 
of heat generation and volume increase 
than it will upon the folal amount of 
heat generated. Comparisons of the 
types of problems that differentiate mass 
concrete from other concrete are dis- 
cussed at some length in reference (1).* 

That a majority of the specimens 
should shrink of swell under 
continuous immersion, as appears to be 
indicated by the top portion of Table 


instead 


3 The boldface numbers in parentheses refer to the 
reports and papers appearing in the list of references 
appended to this discussion, see p. 850. 
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VII, does not seem reasonable, and js 
not in accord with such other tests as 
the writers have in mind as, for example, 
references (2 pp. 334, 349) and (3, 
p. 516, Fig. 164). While the swelling 
which usually accompanies continuous 
immersion is only of the order of 0.010 
to 0.015 per cent for three months, being 
apparently somewhat less for the high- 
early-strength cement, the action does 
appear to be definitely a swelling, and 
it seems reasonable that it should be. 

The writers commend the author on 
not asserting that a longer period of 
moist curing will decrease the amount 
of ultimate net drying shrinkage, as has 
sometimes been done in the face of 
evidence to the contrary and which 
represents a belief which is rather widely 
current (2, p. 349). Of course, a period 
of three months is entirely too short a 
time to secure valid data on that point 
since normal air drying to constant 
weight and maximum shrinkage requires 
a longer period, and these data do not, 
therefore, supply a basis for a proper 
commitment on that score. 

As the author states some aspects of 
the effect of the “inert filler” or lime- 
stone dust are suggestive of Abrams 
tests on admixtures. In Fig. 11 the 
decrease in the amount of shrinkage as 
the amount of admixture is decreased 
is brought out still more strikingly when 
the shrinkages for the 6-bag mixtures 
(no filler) from the upper curves are 
plotted as additional points at the right 
extremity of each of the corresponding 
curves of the lower tier. 
Strength (Standard Curing): 

In his Summary and Conclusions the 
author states, “Compressive strength 
decreased with reduction in cement 
content; the rate of decrease was twice 
as great in the lean-mix as in the rich 
mix range...” This is, of cours, 
but another way of saying that a givel 
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amount of cement is relatively more 
effective in a lean mixture than in a 
rich one, which seems reasonable since 
a higher proportion of the cement 
particles will be bonded to particles: of 
aggregate rather than to each other. 
A recognition of the added relative ef- 
fectiveness is one of the factors that 
has come from and with the soil stabili- 
zation studies of recent years, and the 
phenomenon is probably analogous to 
that of chemical solutions where, in 
general, the more dilute the solution, 
the more potent will be a given amount 
of its active constituent. 

In considering the effectiveness of 
cement (or any other factor) on strength, 
one must discriminate between absolute 
and relative effects. Refer, for example, 
to the moist-cured 28-day strengths of 
Table III (2-in. slump). For a change 
in cement content from 2 bags up to 3 
bags, the strength changes from 435 psi. 
to 1315 psi., an actual increase of 880 psi. 
but a relative increase of over 200 per 
cent. In other words, the 3-bag mixture 
has three times the strength of the 2-bag 
mixture. From 4 bags to 5 bags the 
increase is 1860 psi. (more than twice 
that above) but the increase is only 57.5 
per cent of the 4-bag strength or 31.3 
per cent of the 5-bag strength. The 
increase from 5 to 6 bags is 615 psi. or 
only a 12 per cent increase. This proj- 
ect supplies the data for some valuable 
comparisons of the absolute and the 
relative effects of items for which evi- 
dence that is both credible and up-to- 
date has heretofore been lacking. 

The author’s results on fineness are 
quite in agreement with the Boulder 
Dam studies, which show that increased 
fineness of grinding is beneficial to 
strength at all ages and especially in the 
leaner mixtures, no doubt because of 
better dispersion and the fact that a 
higher percentage of the cement is fine 


enough to function as cement we 


than as inert particles of clinker. . 

The author’s Fig. 3, while supplying 
no new knowledge to anyone who has 
followed the evolution of cement over 
the past 20 yr., does set forth neatly 
and lucidly the essence of that progres 
as regards strength. Not only have 
there been great changes in the quality 
of portland cement itself, but concepts’ 
have also changed. Not a few of the 
recognized authorities in the field will 
now admit that the grading’ of the 
aggregate and a great many other 
factors exert a significant influence upon 
the strength of concrete. Yet these 
changed concepts do not necessarily 
decrease the usefulness of the well- 
established water-cement ratio - strength 
relationship, as can be so _ readily 
seen by noting the essential paral- 
lelism of the curves of the author’s 
Fig. 3. The old Abrams relationship 
expressed on the basis of relative or 
percentage strength is still a most useful 
device for estimating or evaluating the 
extent of strength change corresponding 
to a given change in water-cement ratio. 
This use of the relationship was pointed - 
out in reference (4) and tables of useful 
ratios are supplied in reference (5). 
The three curves of Fig. 3 reduced to a 
percentage basis can be almost exactly 
superimposed. About equally close 
agreement is found for the curves of the 
author’s Fig. 4. 


Strengths (Water Curing Preceding Ex- 
posure to Air): 


All specimens exposed to the air after 
a period of moist curing were tested dry. 
In this connection the writers believe 
that attention should have been directed 
to the 15 to 30 per cent greater strengths 
secured from specimens which are dry 
at test as compared with the strengths 
which the same specimens would have 
developed had they been saturated by 
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immersion for one or two days just 
prior to testing. Increasing recognition 
is being accorded to the fact that, for 
most purposes, comparisons of strength 
are only valid for specimens which are 
in like condition as tested. Because 
the saturated condition is much the 
simpler to attain, and because standard- 
cured specimens are always saturated, 
the saturated or re-soaked condition has 
been generally adopted as standard. 
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of the author’ s “cured one-day, moist, 
then air” were either placed in air at the 
age of one day upon removal from the 
mold, or else at the age of three days 
after two days in the fog room following 
removal from the mold. In the fis 
case, the strengths at different ages 
should follow along the AD (air-dry) 
line and if air storage began at an age 
of three days, the strength curve would 
be similar to AD but would lie some. 


curve SP 


+f. xposed fo Dry S 


Moist | 


to Dry Air but-+ 
Saturated Prior to Test 


Compressive Strength 


yr Resumed curing | | 
& 
Sf Air Cured, Dry at Test -Curve AD — 


Sirength of “Cured if S Saturated | | 


-Curve AW 


Age of Concrete 


Fic. 1.—A Typi 


There are many degrees of dryness, and 
a considerable period of air exposure is 
necessary to attain a more or less con- 
stant moisture state in a given environ- 
ment. On the other hand, water is 
about equally wet the world over and 
resumed curing progresses slowly, so 
that a day or two of immersion, more or 
less, has no significant influence upon 
the wet-tested strength secured. 

The accompanying Fig. 1 illustrates 
the nature of the strength variation 
for different combinations of air and 
water curing. The air-cured strengths 


cal Diagram Showing the Nature of the Curing, Air Drying, Resoaking, and Re 
sumed Curing Effects on the Compressive Strength of Concrete. 


what above it. More detailed consié- 
eration of the general curing phenom: 
ena can be found under reference (6. 

The essential correctness of the quali 
tative action of Fig. 1 has been demon 
strated by many test series in the writers 
laboratories and is amply supported by 
the results of tests by other investigator 
Since the maximum age reported in tht 
author’s tests is three months, the writes 
have plotted on the accompanying Fig.! 
the heavy lines representing mean It 
sults from an extensive series on sm 
2 by 4-in. specimens, the streng! 
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of the standard-cured specimens at three 
months being taken at unity (or 100 
per cent). On this diagram have been 
plotted corresponding points from data 
reported by Gonnerman and Shuman 
of the Portland Cement Assn. laboratory 
p. 545). The Gonnerman-Shuman 
percentages superimpose exactly upon 
the standard-cured (S) curve, and the 
curves for the two concretes exposed 


@ 


o 


> 
oO 


HF. Gonnermen, Proceedings, 


Percentage of 3-Month Standard-Cured Strength 


466 gravel | Am Soc. Testing Mats.,Vol 38. 
‘E.G. hmestone p.545, Table 
| 
0 30 60 90 


Age at Test, days 


Fic. 2.—Typical Curing Diagrams with 
Strengths Expressed as Percentages of 3-month 
Standard-Cured Strength. Portland Cement 
Assn. tests plotted on for comparison. 


Heavy lines represent data from Iowa State College- 
Plotted points and light lines are from P.C.A. tests. 


to the air after one day moist lie some- 
what above the corresponding A D curve, 
as would be expected from the slower 
drying out of the larger 6 by 12-in. 
cylinders. The AD curves flatten out 
only as drying progresses far enough to 
produce a moisture shortage sufficient 
to halt curing action (hydration). 

While Gonnerman and Shuman did 
not immerse their air-cured specimens 
prior to test, as would have been desir- 
able, they did frankly recognize that 
their dry-tested strengths were not prop- 
erly comparable with their standard- 


cured strengths for they state: “The 
data for the different curing conditions 
are not directly comparable since the 
moist-cured specimens were tested damp — 
while the specimens cured for a time in 
the moist room and then in air in the 
laboratory were either partially or well- 
dried when tested. The extent of the 


drying depended on the duration of air 
storage” (8, p. 547). 


coment 4- bag mixture 
° Finest cement, 4-bag mixture | 
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Percentage of 3-Month Standard-Cured Strength 


0 30 60 90 
Age at Test, days 


Fic. 3.—Plotted Data for Some of the Nor- 
mal Portland Cement Concretes Reported in 
the Paper with Probable SD and AW Curves 
Added. 


After about 15 yr. of repeatedly point- 
ing out the really significant differences 
between wet-tested and dry-tested 
strengths, it is discouraging to find these 
differences being so generally disregarded 
and unrecognized by those actively en- 
gaged in concrete testing and research. 
Only a few weeks ago it was reported 
to the writers, presumably on the best 
of authority, that a leading commercial 
laboratory still “stores” many of its 


control samples in the air of the labora- 
tory and claims that the difference 
between the strength secured that way 
and by moist curing is negligible. 
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In the accompanying Fig. 3 are shown 
the plotted data for the coarsest and 
the finest cements of the author’s 4-bag 
mixture, the two intermediate curves 
being from the author’s data and the 
top and bottom curves representing 
reasonable loci for the conditions that 
were not investigated. Thus, the 
standard portland cement which was 
in air after one day moist actually 
developed at 3 months something less 
than 60 per cent of the standard- 


= 120 ro a fe 
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| 

0 30 60 90 
Age at Test, days 
Fic. 4.—Plotted Data for Some of the High- 


Cement Concretes Reported in 
the Paper with Probable SD and AW Curves 
Added. 

cured 3-months strength. While, there- 
fore, the beneficial effect of moist curing 
is qualitatively what the findings 
indicate, its quantitative value is ap- 
preciably understated for anyone not 
realizing that dry-tested concrete is from 
15 to 30 per cent stronger than the same 
concrete would be if saturated just prior 
to test. 

The accompanying Fig. 4 shows the 
corresponding data for some of the high- 
early-strength concretes of these tests. 
While for high-early-strength cement the 


DISCUSSION ON LEAN CONCRETE MIXES 


beneficial effect from prolonged curing 
is much less than for ordinary portland 
cement, there is still present in the dat, 
of the paper a misleading inference, the 
actual difference being considerably 
greater than the apparent 5 or 10 per 
cent differential between the dry-tested 
air-exposed concrete and the moist. 
tested standard-cured concrete. 


Comparison of Cements on Basis of 
Curing Needs: 


One of the most interesting features 
of this paper, which is illustrated and 
emphasized by comparing the relative 
positions of the AD curves in the accon- 
panying Figs. 3 and 4 is the essential 
difference between a high-early-strength 
and an ordinary portland cement with 
respect to continued curing. Obviously, 
a relatively short period of moist curing 
for high-early-strength concrete will net 
a high percentage of the ultimate pos 
sible gain. 

As has been generally recognized for 
some time, the finer a cement is ground, 
the more of the characteristics ofa 
high-early-strength cement does it ac- 
quire, due presumably to the greater 
percentage of fine particles which ar 
highly active. The plotted data of Fig. 
3 and Fig. 4 do not indicate a great 
difference due to fineness of grinding 
but the difference is a quite consistent 
one in favor of the finer-ground cemet! 
of both the regular portland and the 
high-early-strength varieties. 


Modulus of Elasticity: 


The modulus of elasticity is discuss! 
briefly in the last section. prior to tht 
conclusions. The first two  sentencé 
convey a misleading and what must bt 
an impossible implication that “secat! 
moduli were calculated at 800 psi.” fs 
“all mixes, all cements and all curl 
periods.”” Not a few of the mixturé 
had ultimate strengths well under 5 
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psi. at all ages, as can be noted by refer- 
ence to Tables II to VI inclusive. 

While the technique described could 
obviously have been applied only to the 
stronger concretes, the writers still feel 
that the choice was not a happy one for 
two reasons: (1) For a wide range of 
strengths, such as these tests included, 
400 psi. falls high on the stress-strain 
diagram, well into the curved portion, 
for some concretes and relatively near 
the origin for others. (2) The true 
origin for a stress-strain diagram is a 
highly uncertain point. Because of 
instrumental lag, and lag within the 
specimen as well, no doubt, the first 
few observations of strain are likely to 
be the least dependable of those on the 
entire stress-strain diagram. 

To have drawn in a mean straight line 
through the plotted points up to 25 or 30 
per cent of the ultimate strength of each 
concrete (without attempting to pass it 
through the zero point) would have given 
more dependable and comparable values 
for the slope that defines the modulus. 
After studies of stress-strain data for 
concrete extending over from ten to 
eighteen years, the writers have not yet 
evolved what they consider to be a fully 
satisfactory technique for the deter- 
mination of the slope of the line that 
evaluates Young’s modulus. Some of 
these investigations constituted the basis 
for a recent publication (8), in which 
attention is focused upon some of the 
other problems involved in comparing 
varied stress-strain data. 

Referring now to the plotted data of 
Fig. 13, the writers contend that the 
dotted extensions of such curves are not 
Justified and tend to make the relation- 
ship appear to be more precise than is 
teally the case. Actually, most of the 
constellations shown in Fig. 13 are 
rather short, wide bands that do not 
define relationships which are nearly so 
definite as one is apt to infer from glanc- 


criticism, if it be considered as such, 
does not apply to these tests only, for 
the author’s data show a better relation- 
ship between the ultimate strength and > 
Young’s modulus of elasticity than do 
most of the many other tests which the 
writers have seen, including their own. 
The writers feel that, for the present, 
the following and little more can safely 
be said relative to the relationship of 
these two important properties: “As_ 
many other investigations have also 
indicated, the compressive modulus of 
elasticity of a concrete is roughly pro- 
portional to its ultimate compressive 
strength, but the trend is rather general — 
and not narrowly defined. As strengths 
rise above about 4000 psi., the value 
of the modulus increases but little.” 
Many tests, not only by the writers 
but by others such as those of Thoman _ 
and Raeder (9, p. 236), confirm the 
indications of the tests reported in _ 
paper that the convenient and widely | 
used assumption that Young’s modulus" 
of elasticity is approximately equal to’ 
1000 times the compressive strength 
of the concrete, is approximately true 
only for the low-strength concretes and 
not at all applicable to the usual current 


mixtures. This relationship will gen- 
erally give too high a value for the 
modulus. 

The writers, in closing, congratulate 
the author upon the excellent job which 
he has done, and express the hope that 
their comments and references may so 
supplement the author’s work as to en- 
hance, rather than to detract from, the 
value and interest of the data presented. 

Mr. Durr A. Aprams* (by letter).— 
This investigation covers a range of 
lean concrete mixes, concerning which 
little was known. I wish to compliment 


4 Consultant on Concrete, New York City. —, 


ing at the figure or at Table X. This oe | 
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_ Mr. Gruenwald on the comprehensive 
program of tests on which his conclusions 
are based. One finds it difficult to 
disagree with conclusions which are 
based on approximately 10,000 skillfully 
made tests. Attention is called also to 
the fact that a preliminary exploratory 
series of 166 hand-mixed batches was 
studied before beginning the main series 
of machine-mixed batches. The prac- 
tice of basing conclusions on a number 

” of parallel tests made on different days 

is recommended for the consideration 

, of all experimenters on the properties 

_ of concrete and cement. 
It is gratifying to see that the water- 
_ ratio-strength relation has been verified 
; for the wide range of mixes, types of 
- cement and ages covered by these tests. 
The curves in Fig. 4 give added con- 
fidence in the validity of this relation- 
ship, which is still being disputed in 
certain quarters. Out of some 300 tests 
in Fig. 4, only a few points depart 
appreciably from the smooth curves. 

Within the usual range of water-cement 

ratios, large quantities of inert filler 

cause only minor departures from the 
parallel curves for cement only. 

The writer was particularly interested | 
~ in Mr. Gruenwald’s conclusion that the 
water-cement ratio is a satisfactory 
criterion of concrete durability as meas- 
ured by repeated freezing and thawing. 
Mr. Gruenwald has properly called 
attention to the changes in concrete 
_ strength since the writer announced the 
_ water-cement-ratio law in 1918. The 
1 28-day strengths which were considéred 
_ satisfactory 21 yr. ago are not now a 
{ safe guide to concrete durability when 
q they are obtained with a too low cement 
factor. This is no criticism of the 
_ validity of the water-cement-ratio law, 

_ but comes about from two causes: 
1. The 28-day strength is a purely 

. a arbitrary basis for design purposes and 
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does not reflect the ultimate quality oj 
the concrete. 

2. The vastly improved 28-day cop. 
crete strength resulting from properly 
manufactured modern cements is dy 
largely to a change in cement compos 
tion which naturally could not have 
been foreseen 22 yr. ago when the water. 
cement-ratio law was being formulated. 
Some improvement has resulted from 
finer grinding. 

The 28-day concrete strength of prop- 
erly manufactured cements of the pres 
ent day is about twice that of the 
average cement of 1916-1918. If; 
comparison had been made on the basi 
of strengths after moist curing for 1 yr, 
the difference between the 1918 ani 
1938 cements would not have been 
great. 

A few months ago, the writer had «- 
casion to make some searches in the 
literature with reference to the changing 
compound composition of America 
portland cements, and found that the 
principal change was in the amount ii 
tricalcium silicate; average values wer 
found to be about as follows: 


Year Tricalcium Silicate, per cest 
22 
42 
52 


The advancing percentage of tric! 
cium silicate was, of course, accompanie! 
by a corresponding reduction in @ 
calcium silicate. The researches 
Bogue and others have shown that tle 
tricalcium silicate is the princip! 
strength-giving compound up to 28 days 

During the period 1895 to 1910 ce 
tain well-known brands of cemet 
which were imported from Germat) 
and England, showed tricalcium silica 
content 10 to 15 per cent higher thi 
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the average American cements; this 
difference in compound composition was, 
no doubt, largely the cause of the de- 


srvedly high reputation of these 
European cements among American 
users. 


Mr. ErnNsT GRUENWALD* (author’s clo- 
sure by letter).—While Mr. Elliott’s com- 
ments are concerned more with sources of 
information on concrete than with the 
paper under discussion, it should be noted 
that the Proceedings of the Society, as 
well as those of the American Concrete 
Institute, provide a wide range of readily 
available material. In addition, tech- 
nical data published by the Portland 
Cement Association and by individual 
cement manufacturers, while ex parte in 
origin, must stand the test of use; it 
follows, therefore that information from 
these sources must be reliable or else 
fail in its primary purpose of building — 
good will for the product concerned. 

With reference to the discussion of | 
H. J. Gilkey and Glenn Murphy: The 
results of the shrinkage tests were some-— 
what surprising. It is generally as-_ 
sumed that a reduction in cement 
content is accompanied by a decrease in | 
shrinkage. This is true when comparing 
extremely rich mixes containing from 
6 to 10 bags of cement with 5- or 6-bag 
mixes. The lean mixes of this investi- 
gation show no benefit, as far as shrink- 
age is concerned, from the reduction in 
cement, because of the increased water 
requirements. On the other hand, the 
richest mix contained only 6 bags of ce- 
ment which were not sufficient definitely 
to bring into play the effect of greater 
quantities of cement on shrinkage. 

The slight shrinkage shown by water- 
cured specimens is not in accordance 
with other published tests but the re- 


New Yor City. ncor”’ Division, Lone Star Cement Corp. 


sults seem not unreasonable. All the 
principal cement compounds in hy- 


drating display a tendency toward 


shrinkage. The volume of the hydrated 


compounds is less than that of the dry 


compounds plus mixing water. Recent 
studies in our laboratory by M. A. 
Swayze and L. S. Brown disclosed the 
facts that the principal compounds also 
adapt themselves to their surroundings 
by formation of the hydrate on surfaces 
in open areas rather than by direct 
reaction of water in place. With richer 


mixes than those employed in these tests, 
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Fic. 5.—Strength per Unit Cement Content. 7 


the tendency for expansion in water 
will, of course, be greater due both to 
the greater number of expanding grains 
per unit volume and to the greater 
particle interference in the denser paste. 
However, we have just completed 3- 
month tests on one of our high-early- 
strength cements which still shows 0.001 
per cent shrinkage with a 7}-bag mix. 
The shrinkage with a 3}-bag mix 
amounted to 0.004 per cent. 

With reference to the statement of 
H. J. Gilkey and Glenn Murphy that 
the given amount of cement is rela- 
tively more effective in a lean mixture 


| 
of | 
con- 
perly 
due 
posi- 
have 
vater- 
ated. 
from 
prop- | 
pres- 
f the 
If 2 
basis 
1 yr, 
and 
ad 
in the 
anging 
rerical 
at the 
unt 
S wert 
ermal! 
1 silicate 
ver that 


850 


than in a rich one, I have plotted the 
accompanying Fig. 5 which shows com- 
pressive strength in pounds per square 
inch obtained per pound of cement in 
mixes containing from 2 to 6 bags of 
cement. It is seen that the strength 
return per pound cement is at a maxi- 
mum for cement contents between 5 and 
6 bags and decreases rapidly for mixes 
leaner than 5 bags, indicating a very 
low efficiency of cement in the leaner 
mixes. The leaner mixes require a 
large amount of water, producing a paste 
of low cementing value. In the ex- 
tremely rich mixes the advantage of a 
low water-cement ratio paste is partially 
offset by the thickness of the cementing 
medium, so that after an optimum is 
reached the efficiency in the rich mixes 
decreases slightly. 

In laying out our program, we were 
well aware of the effect that wetting 
—air-cured specimens has on compressive 
strength, but we decided to test the 


(1) H. J. Gilkey, “Special Problems in the De- 
sign of the Concrete for Boulder (Hoover) 
Dam,” Iowa Engineering Society Bulletin, 
Vol. XI, No. 4, October, 1936, pp. 39-48. 

(2) A. G. Timms, “Effect of Duration of Moist 

a Curing on the Principal Properties of 
Concrete,” Proceedings, Am. Soc. Testing 
Mats., Vol. 34, Part II, p. 329 (1934). 

(3) J. L. Savage, I. E. Houk, H. J. Gilkey and 
Fredrik Vogt, “Engineering Foundation 
Arch Dam Investigation,” Vol. IT. 

(4) H. J. Gilkey, “A Method for Predicting 
Concrete Strengths with Increased Pre- 
cision,’ Proceedings, Am. Concrete Inst., 
Vol. XXIV, pp. 149-176 (1928). 

(5) H. J. Gilkey, “Water Tables and Curves 
for Use in Designing and Estimating 

Concrete Mixtures,” Proceedings, Am. 
4 Concrete Inst., Vol. XXV, pp. 292-313 
(1929). 
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specimens as cured. This was prompted 
by the thought that concrete beams 
columns, etc., in reinforced concrete 
structures, for example, may never come 
in contact with water after the curing 
period is completed. To test speci. 
mens supposed to represent the strength 
of these dry structural members in , 
wet condition seemed to us to be wrong 
The test specimens when wetted ar 
under strain due to differences in wate 
absorption from the surface to the cen. 
ter, while the concrete member is free 
from such strains once it comes to. 
uniform condition. 

The amount of strain developed in 
air-dry cylinders by 24-hr. water soaking 
must be variable, since permeability 
must vary with cement content, cement 
fineness, and perhaps even with cement 
composition. 

We have cylinders for test at 1,5 
and 10 yr. and the study of the effect o/ 
curing will be continued. 
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A STATISTICAL ANALYSIS OF COMPRESSION TESTS ON MORTAR 


CYLINDERS, CUBES AND PRISMS* 


By H. W. Leavitt! anp H. A. Pratt! 


A study has been made in recent years C-1 on Cement and C-9, in general, 


to determine the best standard form of Subcommittee IX on Specifications and 
test specimens for measuring the com- Methods of Tests of Aggregates of Com- 
pressive strength of mortars. Among mittee C-9 has for the past few years 
the forms, or types, of test specimens been attempting to standardize certain 
under consideration, and which are here- details in connection with the testing of 
in discussed, are the 2-in. cube, the 2 by sands in compression. This fact led 
2 by 4-in. prism, and the 2 by 4-in. _ to the inclusion in this report of a series 
cylinder. The performance records of of tests relating to commercial sands. 
these three types of mortar specimens In brief, this report covers a statis- 
vary so little that only through the use _ tical study of three series of data. The 
of statistical methods can the data be first two series relate to compression 
properly evaluated. ‘This study of spec- tests on portland cements, and the third 
imen forms has been linked with the series relates to compression te$ts on 
testing of portland cement,? and also commercialsands. Each series involved 
with the testing of commercial sands for 60 repeat tests on 60 different days, on 
use in portland cement concrete.* which extreme care was taken to make 
of Con In order to evaluate properly the each day’s work identical. OO 
rd, Vo different types of test specimens, reason- 7 
pp. 63) ably large numbers of specimens are Descriprion or Tests — 
rs required. As in previous cases,* this 
mee fact brought the problem to the atten- 
tion of Subcommittee XI on Evaluation 
of Data, of the Society’s Committee 
C-9 on Concrete and Concrete Aggre- 
gates. 
In addition to the interest shown by 
members of the Society’s Committees 


The specimens used in the three series 
of tests were 2-in. cubes, 2 by 2 by 4-in. 
prisms,’ and 2 by 4-in. cylinders. Three 
hundred and sixty specimens (six each 
day) of each type were fabricated in the 
laboratories of the Maine Technology 
Experiment Station by Horace A. Pratt, 


Assistant Engineer of the Station. One- 


* This paper was prepared from a report of compression : : 

mortar tests made for Subcommittee XI on Evaluation of 
Data of the Society’s Committee C-9 on Concrete and Con- 4 Standard Method of Test for Structural Strength of 
crete Aggregates by the Maine Technology Experiment Fine Aggregate Using Constant Water-Cement-Ratio 
Station. Its presentation at the annual meeting wasspon- Mortar (C 87 - 36), 1936 Book of A.S.T.M. Standards, 
sored by Committee C-9. Part IJ, p. 355. 
Mai Secretary, and Assistant Engineeer, respectively, Federal Specification for Aggregate; (for) Portland 
Maine Technology Experiment Station, University of Cement Concrete (SS - A - 281), April 4, 1933. 

> Orono, Me. f Standard Method of Test for Structural Strength of 
, Report of Investigation of Pebble Mortars by Four- Sand to Be Used as Fine Aggregate in Concrete (Method 
an Laboratories, Proceedings, Am. Soc. Testing Mats., T-71), Standard Specifications for Highway Materials 

“3, Part I, p. 267 (1938). and Methods of Sampling and Testing, Am. Assn. State 
the Comt Gilkey, “Cylinder versus Cube versus Prism as Highway Officials, p. 109 (1935). 
sl ompression Test Specimen for Mortars,’?’ ASTM Standard Specifications for Fine Aggregate for Port- 

He No. 71, December 31, 1934, p. 5. . land Cement Concrete Pavement or Base Course, Highway 
Differ J. Gilkey and H. Walter Leavitt, “Comparisons of _ Bridges and Incidental Structures (Specification M - 6), 
Types of Specimens for Compression Tests of Jbid.,p.18. 
Py Proceedings, Am. Soc. Testing Mats., Vol. 35, 5 For Soe of prism molds see paper by H. J 
» D. 281 (1935). Gilkey and H. W. Leavitt, loc. cit., pp. 284, 285. 
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half of the specimens were tested at the 
age of 7 days, and the remaining speci- 
mens at the age of 28 days. 

The first series of tests were made on 
360 specimens fabricated according to 
the methods outlined in A.S.T.M. Ten- 
tative Method of Test for Compressive 
Strength of Portland-Cement mortar 
(C 109 — 37 T),° the aggregate consisting 
of graded Ottawa sand. 

The second series consisted of the same 
number of specimens. These were made 
of coarser aggregate as outlined in the 
report of the investigation on pebble 


mortar.2. The method which was used 


TABLE I.—BASIC MIXE SFOR THE THREE SERIES. 


Series 
C 87 
Mix 


L ow absorption gravel (% 
in. to No. 4), g..... : 

Standard Ottawa sand 
(Nos. 20 to 30), g F 

C 109 gand (graded Ot- 
tawa),g 

Ottawa banding sand, g... 

Cement, g 

c/w (cement- water ratio) | 
by weight. . 

w/c cement ratio) 


Water, ml. 


Maine commercial sand, g. Enough to 


produce 
flow of 
100 + 5° 


: @ Limits for these 60 Maine sands were found to be 1293 
é to 1986 g. 


_in this series was known as the “Pearson 
mix” and included non-absorptive aggre- 
gate ranging from 0 to # in. 

The third series of tests involved 60 
different commercial State of Maine 
sands tested at the same ages and in the 
same types of specimens as the two 
previous series. 

The exact proportions of materials or 

‘= mixes used in each of the three 
series of tests are givenin TableI. _ 


Series I: 


All the tests in series I were made in 


* Proceedings, Am. Soc. Testing Mats., Vol. 37, Part I, 
. 726 (1937); also 1938 Book of A.S.T.M. Tentative 
tandards, p. 476. 


LEAVITT AND 


accordance with A.S.T.M. method 
C 109-37 T. Test specimens consisted 
of 2-in. cubes, 2 by 2 by 4-in. prisms, and 
2 by 4-in. cylinders. Separate batches 
were hand-mixed for each type of test 
specimen, and six specimens of each type 
were made from each batch, three for 
testing at the age of 7 days and three for 
testing at the age of 28 days. The 
entire program was repeated 60 different 
times on as many days. All specimens 
in series I were made between November 
5, 1937, and January 24, 1938. Batches 
were made on successive days as far as 
possible, when Sundays and _ holidays 
would not interfere with the mixing, 
cleaning, or testing. The data are 
presented for analysis in their entirety, 
as no attempt was made to disregard 
extraneous results. Temperature and 
humidity conditions were kept within 
the A.S.T.M. requirements. A slum 
test was made each day upon one of the 
batches. 

Although no statistical use is reported 
herewith, additional information was 
obtained in the form of consistency 
measurements. The first of these, 2 
slump test, was made in accordance with 
A.S.T.M. Tentative Method of Test for 
Consistency of Portland-Cement con 
crete (D 138-327), except that the 
cone was half size (2 by 4 by 6 in.) and 
was filled in two layers and tamped with 
a bullet-pointed rod % in. in diameter 
In addition to the slump test, each day: 
second batch was tested for workability 
by means of the Burmister flow trough 
as modified by Lewis H. Tuthill.* The 
modification of the Burmister trough we 
as follows: The dimensions of the troug! 
were one-half those of the larger Bur 
mister trough. It was mounted on! 
block of wood 4 by 4 by 15 in. by meats 
of trunnions on the back of the troug! 


7 Donald M. Burmister, ‘‘The Concrete Flow Trough 
Proceedings, Am. Soc. Testing Mats., Vol. 31, Pat! 
p. 554 (1931). 

8 Testing Engineer, The Metropolitan Water Distt: 
of Southern California, Banning, Calif. 
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and supports attached to the block. 
The open end of the trough was lifted 
{in. and dropped by means of a cam and 
crank attached to the block. Addi- 
tional workability tests were made: on 
one of the batches from each day’s work, 
using the 10-in. flow table (A.S.T.M. 
Method C 87 — 36).° 

The cement used was from the stand- 
ard stock supply of the Maine Tech- 
nology Experiment Station laboratory. 
The portland cement met all of the 
requirements of A.S.T.M. Standard 
Specifications. for Portland Cement 
(C9-38).!° The method of molding 
the cube was as follows: A layer of 
mortar about 1 in. in depth was placed 
in each of the six cube molds. The 
mortar was then tamped 32 times in 
each mold in about ten seconds and in 
four rounds of eight tamps. The pres- 
sure applied to each stroke was about 
150 g. The tamper had a cross-section 
of 3 by 1 in. and was approximately 
6 in. in length and made of medium 
hard rubber. Each round was made at 
right angles to the previous round and 
consisted of eight adjoining tamps over 
the, surface of the specimen. Four 
rounds of tamping (32 tamps) were made 
upon each cube before going to the next 
cube. When the tamping of the first 
layer of the six cubes was completed, the 
forms were filled with the remaining 
mortar and again tamped as specified 
for the first layer. The mortar was 
then leveled off, great care being taken 
to leave the mortar slightly above the 
tops of the molds. The tops were then 
finished flush with the top of the molds, 
using a trowel (in order to facilitate the 
troweling, it was found convenient to use 
the rubber tamper as a squeegee to clean 
the mortar from the tops of the molds 


and to remove some of the excess 
mortar). 


wet cit., see footnote 4. 
‘ . Supplement to Book of A.S.T.M. Standards, 


The prisms were filled and tamped 
with the same tamper by exactly the 
same method as for the cubes, with the 
exception that twice as many tamps were 
used per layer on each prism specimen, 
due to the area of the tamping surface 
being twice that of the 2-in. cubes. 

The cylinder molds (2 by 4 in.) were 
filled in three successive layers and 
tamped with 25 tamps per layer. For 
filling these molds, a metal tamper was 
used. This tamper had a total length of 
about 63 in. and was 1 in. in diameter 
for 1, in. of the tamping end, the re- 
maining 5} in., which served as a handle, 
being 3 in. in diameter. The tamper 
weighed approximately three-fourths of 
a pound." 

The molds used for the cubes and the 
cylinders were of brass, whereas the 
molds used for casting thé prisms were 
of polished steel. In connection with 
the steel prism molds, it was found 
desirable to coat the steel base plate 
with paraffin wax to prevent adhesion 
of the specimen. A mineral oil was 
found adequate to prevent adhesion of 
the specimen to the other parts of the 
steel mold, and sufficient for all the 
parts of the brass molds. The molds 
were not sealed to the base plates.’ 

Details of curing and testing were in 
accordance with A.S.T.M. requirements. 
None of the specimens was capped, with 
the exception of one or two of the cylin- 
ders which were found to have very poor 
upper bearing surfaces. The cubes and 
prisms were all tested in a direction at 
right angles to the direction in which 
they were molded. The cylinders were 
tested in the same direction in which 
they were molded. All specimens 


1 Standard Method of Making Compression and Ten- 
sion Tests of Fine Aggregate for Concrete (Method T - 35) 
Standard Specifications for Highway Materials an 
Methods of Sampling and Testing, Am. Assn. State High- 
way Officials, p. 107 (1935). 

12H. W. Leavitt, “‘A Study of Plastic Mortar Cubes,” 
Proceedings, Am. Soc. Testing Mats., Vol. 37, Part I, 
p. 321 (1937). In this report the sealing of the molds to 
the base plates was found to have no appreciable effect 
on test results. 
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Fic. 1.— Study of 7 and 28-day Compressive Strength Results. 


were taken directly from the storage 


water before testing. =a 
Series IT: 


The methods used in series II corre- 
sponded exactly with those used in series 
|. However greater difficulty was 
found in connection with smoothing off 
the tops of the specimens made from the 
“baby concrete” due to the §-in. pebbles. 
All tests in series II were made in con- 
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Methods of Tests of Aggregates. The 
intent of Jackson’s revision was to unify 
the existing specifications of A.S.T.M., 
A.A.S.H.O. Method T-71 (M-6), and 
the Federal Specifications SS-A-281, 
SS-D-181a and SS-C-158." 

The amount of water each sand would 
absorb was estimated by the Pratt 
method." In brief, this method utilizes 
the physical properties of the sand to 
estimate the amount of water which 


TABLE II.—_SUMMARY OF TEST RESULTS. 


7-Day* 


28-Day® 


mon, 
and Individuals 


Variation 
Within Daily 
Batches 


Variation 
Among All 
Individuals 


Variation 
Within 
Daily 
Batches 


Specimen 


psi. 


Mean Compressive 
Strength, psi. 


Vor 
S.D., $.D., |100 S.D.| 
Mean ps 


| 


Vor | 


Strength, psi. 


S.D. 


Mean Compressive 


Mean 


‘SERIES I—C 109 -37T Mix (Prastic Mortar) 


Cubes....| 360 | 2163 
Prisms. ia 360 | 1898 
| Cylinders. | 360 | 1642 


repeat tests 
on same ma- 
terials 


80.5 | 3.7 
91.6 | 4.8 
110.9 | 6.7 


Series II—PEarson’s M 


Ix (“Bapy Concrete”) 


@ repeat tests | Cubes....| 360 
on same ma- 
teriais 


| 3530 | 273.5 | 7.7 
Prisms...| 360 2986 | 242.5 8.1 
Cylinders. | 360 2635 | 310.7} 11.8 


Cubes....| 360 | 2846 | 339 | 11.9 
Prisms...| 360 | 2453 | 276 11.3 
| Cylinders.| 360 | 2370 | 286 | 12.1 


Tests on 60 dif- 
ferent Maine 
sands 


* S.D. = Standard Deviation or the root-mean-square of deviations from the mean. 


SERIES III—ComMeERCIAL SAND 87 36) 


| 174.1 | 4.9 
| 176.8 | 5.9 
| 211.9 | 8.0 


V = The coefficient of variation expresses the Standard Deviation as a percentage of the mean. This makes possible 


the comparison of the different standard deviations. 
See second reference of footnote 3. Gilkey and Leavitt 


ues. 
V: For cubes 7.2, for prisms 10.0, and for cylinders 8.0. 


junction with series I. It should be 
noted that each of the 60 days of work 
involved the same number of batches for 


The methods used in series III on the 
60 Maine commercial sands were those 
outlined in A.S.T.M. Method C 87 — 36, 
with slight revisions as outlined in a 
letter of March 24, 1938, by F. H. Jack- 
son, Chairman of C-9, to members of 
Subcommittee IX on Specifications and 


Series IIT: 


(Table IX, p. 295) obtained the following comparable 


13 Jackson’s recommendation for changes in A.S.T.M, 
standard C 87 - 36: 

Section 2.—In Footnote 2 change 359 cc. to 360 ml. 

Change the third sentence to read as follows: A sample 
of sand of known weight? which has been placed in a 
saturated surface-dry condition* by means of the procedure 
specified in Section 3 of A.S.T.M. tentative standard 
C 128 - 36 T shall be, etc. 

Insert footnote 3 reading as follows: If the absorption 
as determined by A.S.T.M. Tentative Standard C 128 - 36 T 
is known, sand may be prepared for test by adding to a 
known weight of dry sand the amount of water it will 
absorb, and permitting the sand to stand in a covered pan 
for 30 min. before use. 

Section 3.—Insert after first sentence: The flow table 
with the attached shaft shall weigh 9 + 1 lb. The frame 
of the table shall be attached rigidly to a concrete pedestal 
which in turn is attached rigidly to the floor. he con- 
crete pedestal shall be at least 8 in. in diameter and 25 in. 
in height and shall weigh at least 100 lb. 

« H. A. Pratt, ‘A Quick Method for Estimating the 
Absorption of Fine Aggregate,” Bulletin No. 35 Maine 
Technology Experiment Station (1939). 


> 


| 
| 
5.9 | 6.3 3638 | 254.3 7.0°| 193.5| 5.3 
0.5 6.3 3127 | 155.9, 5.0°| 135.4) 4.3 
4.1 | 10.0 2726 | 264.4) 9.7°| 216.5| 7.9 
5863 | 375.2) 6.4 | 344.2) 5.9 
4882 | 363.9, 7.4 | 305.5| 6.2 
4320 | 387.8 9.0 | 317.4) 7.3 
4815 | 453 | 9.4 | 3.4 
4275 | 387 | 9.1 | 2.4 
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would be absorbed by the given sand. 
A series of tests were made upon 60 
different sands according to A.S.T.M. 
Tentative Method C 128 - 36 T. 

The curing and testing of the speci- 
mens in series III were identical with 
those of the two previous series. It 
should be noted that in series III 60 
different types of sands were involved, 
whereas in each of the former series only 
one type of material was examined. 
The laboratory work on this series was 
performed between June 23 and Novem- 
ber 2, 1938. 


INTERPRETATION OF RESULTS 

A study of the 7 and 28-day compres- 
sive strength results on each type of 
specimen was made for each of the three 
series. Some of the results are shown 
graphically in Fig. 1, and a summary of 
the results for all three series of tests is 
given in Table II. The frequencies 


shown in Fig. 1 give a picture of the 


spread or variation of the results from 
the means of the series. Even a casual 
observer will note that the spread or 
distance of the extreme results from the 
mean of the series in each case is notice- 
ably large. One unfamiliar with data 
of this kind might expect to get results 
which would not spread to any such 
degree as shown in this figure. In fact,a 
closer agreement of daily results would 
be expected because in series I and in 
series II the materials were identical 
throughout the 60 repeat tests, labora- 
tory temperatures, moisture and _ all 
details affecting the mixing and curing 
periods being kept as constant as pos- 
sible. However, this extreme spread 
has been noted in former studies, and 
further discussion of this phase of the 
investigation is given later in this report. 

One of the primary objects of this 


specimens. At the present time, many 
testing engineers prefer the 2-in. cube 
to the standard 2 by 4-in. cylinder. Pro. 
fessor Gilkey has for several years in. 
vestigated the properties of the 2 by 
2 by 4-in. prism.* It was hoped, there. 
fore, that this study might develop facts 
leading to the choice of one of these forms 
of test specimens. 

Reference to Table II indicates that 
in both series I and II for the 7-day tests 
the value of the coefficient of variation | 
is less (indicating better concordance) 
for the cubes than it is for the prisms or 
for the cylinders. For the 28-day tests 
of series I, the coefficients of variation 
indicate slightly less variation for prisms 
than for cubes or cylinders. This is 
true both for the variation among all the 
180 specimens and for the variation 
among the three specimens of each daily 
batch. In series II, the 28-day coefi- 
cients of variation indicate that the cubes 
are slightly superior to prisms and 
cylinders as regards the variation both 
among all the individuals and within the 
daily batches. In all cases, the cylin 
ders were found to be the most variable, 
so that the adoption of either the cube 
or the prism as a standard type o 
compression test specimen would be an 
improvement over the present 2 by 4in. 
cylinder. 

Table II also presents the data for 
series III. This series involved # 
different grades of commercial sands od 
various compressive strengths. It is 
evident that the strength variations it 
these sands will be included in the varia- 
tion among all 180 specimens for each 
age and type of specimen. Although 
the data presented do not afford a direct 
independent measure of these sail 
effects, it should be clear that the differ 
ences in the sands affect the variation 
between daily batches rather than the 
variation within the three specimens © 


study was to evaluate the testing 
characteristics of the three forms of 


856 
eacl 
with 
for ¢ 
Si 
rept 
to e 
type 
C 8; 
in p 
the 
TABI 
Se 
Tests 
bate 
Batch 
cess 
Relat 
Tests 
bat 
Batch 
cess 
Relat 
Fe, 
Tests 
bat 
Batch 
cess 
Relat: 
1.44 is 
would 
once 
Snede 
Varia: 
II, 1 
pris! 
cylin 
men 
with 
mix! 
men 
for 
mig! 
in tl 
-¢ 4 | : 


n the 
-ylin- 
iable, 

cube 


On ANALYSIS OF COMPRESSION TESTS _ 


each batch. Therefore, the variations 
within each batch may be compared 
for each type of specimen. 

Such a small number of sands as here 
represented (60) could not be expected 
to establish a basic law in regard to the 
type of test specimen under method 
C 87-36. However, the data are here- 
in presented because they also bear out 
the conclusions drawn from series I and 


TABLE III.-ANALYSIS OF VARIANCE BETWEEN 
AND WITHIN BATCHES. 


Mean Squares 
Degrees 
Source of of | 7-day Tests | 28-day Tests 
Variation | Free- 


dom | Series | Series | Series | Series 
I I I II 


| 


Tests of same | 

batch.........} 120 6490} 30305, 37445 118457 
Batches on suc- 

cessive days... 59 | 42 801 165 304 119974) 186 302 
Relative ratios, 

|: eS | 6.59 | 5.45 | 3.20 | 1.57 


Prisms 


Tests of same | 
batch.... 

Batches on suc- | 
cessive days...) 59 

ratios, 


120 | | 31267 18335 93 304 
26 983 | 114894) 36513 211921 


3.22 | 3.67 | 2.00 | 2.27 


CYLINDERS 


Tests of same | | | 
120 12 301 | 44892 46886 100769 
Batches on suc- 


cessive days... 59 56 693 201607, 116776 251231 
ratios, | 


4.61 | 4.49 2.49 


2.49 


° Ratio of larger mean ape to smaller mean square. 
1.44 is significant, 1.65 is highly significant. These values 
would be expected purely by chance only five times and 
once, respectively, in one hundred trials (See George W. 
Snedecor, “Calculation and Interpretation of Analysis of 
Variance and Covariance,” Joc. cit.). 


II, namely, that either the cube or the 
prism would be an improvement over the 
cylinder type of compression test speci- 


men. ‘The relatively smaller variations 
within the daily batches for the C 87 — 36 


mixtures may indicate that an improve- 
ment in the concordance of the data 
for the other two types of mixtures 
might result either from an improvement 
in the grading or from a change in the 


consistency of the first two series. 
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Another interesting statistical study 
involving the analysis of variance" for 
the data of series I and II was made. 
As previously noted in this report, the 
concordance, or checking ability, of 
compressive strength results was found 
to be very poor. Ina former report by 
this same committee” it was reported 
that laboratory operators seemed to be un- 
able to make comparable batches of plastic 
mortar on successive days. Another way 
of expressing this surprising condition 
is to state that the compressive strength 
results on identical mixes of plastic 
mortar made on successive days varied 
more than would random samples from a 
population having a variance of the 
individual test results. The results of 
this investigation are presented in Table 

From Table III it will be noted that 
the differences indicated by the relative 
ratio, F, are highly significant except 
in one case (28-day cubes, series II) in 
which case, however, the value would be 
termed significant. 

The application of the analysis of 
variance method to these data, therefore, 
bears out the conclusions obtained in the 
above-mentioned previous study of plas- 
tic mortar cubes.’* Even though ex- 
treme care is exercised in an attempt to 
use identical materials and methods of 
fabrication, unaccountable variations be- 
tween and within daily batches still 
exist, a fact which indicates a pressing 
need for the standardization of labora- 
tory materials and techniques in the 
testing of plastic mortars. 


CONCLUSIONS 


1. Cubes and prisms gave less varia- 
tion in their strength results than 2 by 


18 Variance, according to R. A. Fisher, ‘Statistical 
Methods for Research Workers,’’ 1933 Edition, Oliver & 
Boyd, Edinburgh, denotes the square of the standard 
deviation, that is, (S.D.)?. See also George W. Snedecor, 
“Calculation and Interpretation of Analysis of Variance 
ne Covariance,”’ pp. 1-96, Collegiate Press, Inc., Ames, 
owa. 
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4-in. cylinders. Consequently, either 
the cube or the prism would be preferable 
as a type of compression test specimen 
for mortars. 

2. general, the compressive 
strength results of the cubes had less 
variation than the corresponding 

_ sttengths of the prisms for the C 109 — 

37 T (plastic mortar) mix and for the 
Pearson (“baby concrete’”’) mix. Cubes 
would be preferable as test specimens 
also for reasons of economy in the use of 
materials. 

3. The prism gave less variation than 
the cube as a type, or form, of compres- 
sive strength test specimen in the case 
of the C 87 — 36 tests on 60 Maine com- 
mercial sands. In accord with the well- 

established use of a slenderness ratio 
of 2 for compression test specimens, the 
prism would also seem to be preferable 
to the cube. 


techniques. 


6 


we, 


4. The data seems to indicate that 
the C 109-37 T (plastic mortar) mix 
is somewhat preferable to the Pearson 
(“baby concrete”) mix as a standard 
method of test because 

(a) The variations in compressive 
strength results are less (as measured 
by the coefficient of variation, V). 

(6) The test specimens are more 
easily fabricated. 

5. In accord with the results of former 
investigations, undesirably large varia- 
tions in test results occurred, even 
though laboratory conditions were main- 
tained as nearly constant as possible. 

6. Unaccountable variations between 
and within daily batches were found to 
exist in these data as well as in former 
studies, a fact which points to the need 
of further standardization of laboratory 
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DISCUSSION 


Mr. A. T. Go_pBeck.' should like 
toask whether a variation in the method 
of capping the cubes, prisms and cylin- 
ders has not affected the results. Were 
the prisms molded on their sides and 
were they capped in the same way as 
the cylinders? 

Mr. H. W. Leavitt.?—No test speci- 
mens were capped. The prisms were 
molded on their sides and tested on the 
end, and the cubes the same way. I 
might say that the base plates in all 
these molds were very carefully kept 
smooth and oiled. ‘There was one fur- 


1 Engineering + om National Crushed Stone Assn., 
Inc., Washington, D. 

Secretar Technology Experiment Station, 
University o Maine, Orono, Me. 


ther trouble encountered in connection 
with the prisms. To those who may 
start to construct a cheap form for 
prisms, I might say that we used a steel 
plate for the base of these prisms; and > 
employing the same oil that we used for 
the other specimens, we got considerable 
adhesion. ‘This troubled us quite a bit, © 

and we examined the plate with the 
microscope and found that, although it > 
appeared smooth to the naked eye, un-— 


did any of the work reported in this’ 
paper, by rubbing a cake of paraffin wax _ 
over the base plate. We got no adhe- 
sion whatever after that very simple 
way of doing away with adhesion. 


) 
ner 
ven 
ain- 
een 
d to 
need 
tory 
i. 
ry 
| ae 
| | 
859 


fror 

altl 

wat 

side 

rati 

beet 

seen 

SOME OBSERVATIONS OF THE WATER VAPOR PERMEABILITY in 1 
OF CONCRETE?! thro 

catic 


By H. J. Barre’ 


A, 


‘The purpose of this paper is to present briefly the results of some preliminary 
and simple tests demonstrating the water vapor permeability of concrete. 
Two methods of test were employed. In one method, small concrete tanks 

constructed from special precast units were filled with water and subjected to 
conditions of ordinary room temperatures and humidities. The inside sur 
faces of some of the tanks were treated with different kinds of paints. ‘The 
water in the tanks especially in those without treatment disappeared with 
surprising rapidity, although no liquid moisture was apparent on the surface. 
_ A considerable amount was also lost in some of the tanks with waterproofing 
treatments. 
In the other method, concrete specimens 1} in. in thickness were subjected 
to a difference in vapor pressures on the two faces of the specimen. ‘The 
amount of moisture permeating the specimens was condensed on a cold surface tank: 


and collected. ‘The results show that even high-strength concretes are per- these 
meable to water vapor, although it is known that they are impermeable to tiven 


SYNOPSIS 


liquid moisture even under high liquid pressures. 
A brief review of water vapor permeability measurements including those 
_ of other materials is also given. Desc 


reduc 


Ea 


The observations presented herewith studied thoroughly without due con- were 
were made in connection with the initial sideration of the water vapor per concr 
stages of a study of the accumulation of | meability of the materials of which the to fc 
moisture in fill type insulation (1),> wall is constructed. botto 
particularly as it relates to various types Two groups of observations were of cor 

_ of wall construction and treatments of made: (a) observations with concrett of bo 
wall surfaces to make them impermeable _ tanks, and (6) water vapor permeability Th 
to water vapor. The problem of con- measurements of concrete specimens using 
‘iin of moisture in walls cannot be These will be discussed in the order 4 par 
named. by ve 


of 


* The presentation of this paper at the annual meeting OBSERVATIONS WITH SMALL machi 
was sponsored by Committee C-9 on Concrete and Con- ee . 
crete Aggregates. CONCRETE TANKS forms 
ment Station, Ames, lowa, Project No. 541. M > Aliminarv tests wi sma ec 
; ? Research Assistant Professor, Agricultural Engineer- Some preliminary tests with ales " 
ing Section, lowa Agricultural Experiment Station, Ames, tightly covered concrete tank together The 
owa. : 
+The boldface numbers in parentheses refer to the re- with other general observations seemed follow 
ports and papers appearing in the list of references ap- : . lost Ta 
pended to this paper, see p. 865. to indicate that water may be los . 
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from a concrete container of this sort 
although there was no evidence of liquid 
water appearing anywhere on the out- 
side surface, after apparently all evapo- 
ration losses from within the tank had 
been eliminated. A natural inference 
seemed to be that the water was lost 
in the form of vapor which diffused 
through the concrete. Further verifi- 
cation of such losses was obtained by 
tests, described below, on small concrete 


tanks. An additional objective during 
these tests was to determine the effec- 
tiveness of waterproofing treatments in 
reducing such losses. a 
Description of Tanks: 

Each of five small tanks (Figs. 1 and 2) 
were made by mortaring together two 
concrete L-blocks, size 43 by 8 by 16 in., 
to form a four-wall enclosure. The 
bottom of the tank was the same kind 
of concrete as the walls. ‘The thickness 
of both was 13 in. 

These blocks were cast in steel forms 
using a concrete mix of 1 part cement, 
+ parts sand and 1} parts pea gravel 
by volume with a water-cement ratio 
[7 gal. per sack. The concrete was 
machine mixed and vibrated in the 
rms. ‘The age of the blocks at the 
me of test was over five months. 

The respective tanks were given the 
following waterproofing treatments: 
Tank No. 1.—Only the joints on the 
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The Small Concrete Tanks Under Test. 


inside treated with two coats of liquid 
coating asphalt. 

Tank No. 2.—Two coats of liquid 
coating asphalt applied over the inside 
surface. 

Tank No. 3.—Two coats of cut-back 
asphalt applied over the inside surface. 

Tank No. 4.—-Two coats of aluminum 
powder in asphaltum applied over the 
inside surface. 

Tank No. 5.—No treatment. 


Tubing for 
Filling 


~Ends Sealed 
with Wax 


Glass Cover 
Sealed with 


Air Vent 
Tubing 


Slab for 
Bottom of Tank 


‘Mortar 
Joints 


Detail of Tank Constructed with _ 
Concrete L-Block Units. 


2. 


Glass covers were sealed in place with 
paraffin to permit visual inspection of 
the inside surfaces and the water level. 
Two j-in. copper tubes were placed below 


the cover to permit easy filling of the 
tanks. 


Test Method: 


The tanks were placed in a room in 
which the relative humidity of the air 
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varied from about 30 to 40 per cent and 
the temperature from 65 to 75 F. The 
tanks were weighed periodically to 
determine the loss of water. The open- 
ings of the copper tubes were sealed with 
wax to eliminate evaporation losses 
through them. 


Results: 


The amounts of water remaining in 
the tanks after filling, as determined 
by the weighings, are presented graphi- 
cally in Fig. 3. These results show the 
surprising rate at which water is lost 
from tank No. 1 and through the 
waterproofing treatments in tanks Nos. 
2and 3. The treatment with two coats 
of aluminum paint on tank No. 4 was 
very effective in reducing the rate of 
moisture loss. The water in tank No. 5 
with no treatment was lost in a very 
short time due to a leaky mortar joint 
and the data for this tank are not 
included. 

Although a number of these tanks 
were losing water at a comparatively 
rapid rate, there was no evidence any- 
where of liquid water on the surface 
of the tanks except No. 5 and a slight 
moist condition on part of a mortar 
joint in No. 3. 


WATER VAPOR PERMEABILITY MEASURE- 
MENTS OF CONCRETE SPECIMENS 


Brief Review Deter- 
_minations: 


of Permeability 


Numerous determinations of the per- 
meability of such materials as paint 
films (4), and wrapping and packaging 
- materials (2) have been made by differ- 
ent investigators. More recently meas- 
urements have also been made on 
building plasters, ‘papers, and boards 
including moisture-proofing treatments 
(1, 6), but to date only a few results 
have been reported. None, however, 
i". has been reported on concrete. 
The various methods employed and 
the factors influencing water vapor 
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permeability measurements of materials 
other than those for building materials 
have been reviewed by Carson (2) 
of the National Bureau of Standards, 
Although the test conditions, procedure, 
and units of water vapor permeability 
used vary widely, the methods are rela- 
tively few. In all methods the specimen 
must necessarily be subjected to a 
difference in vapor pressures, and the 
amount of water vapor passing through 
the specimen from the side of the higher 
to that of the lower vapor pressure 
measured. 


12 


¥ 
Tank No.4 Treated with 8. Aspha/tum 
10 | | plus Aluminum Powder (2 Coats) 


Tank No. 2 
Treated with liquid Coating 
Asphalt (?Coats) 


Tank No.3 Treated with 


Cut back Asphalt 
(2 outs) — 


Weight of Water, |b. 


Tank No./ 
Joints Treated Only 


10 15 20 25 x” 
Days 


Fic. 3... Amounts of Water in Concrete Tanks 


After a Filling with Water. 


A simple and common method of 
making water vapor permeability meas- 
urements of materials such as papers 
and light building boards, is to seal the 
specimen on to the top of a tray or shal- 
low pan of light metal. Water or some 
reagent is placed in the pan to give the 
desired relative humidity or vapor 
pressure on the lower side of the speci- 
men. ‘The pan with its contents is then 
usually placed in a constant temperature 
humidity cabinet or room, to provide 4 
constant vapor pressure on the lower 
as well as on the upper side of the speci 
men. The amount of moisture passing 
through the specimen can be determined 
by the loss in weight of the pan and its 
contents. The vapor pressures cal 
readily be determined from the tet 
peratures and relative humidities 
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each side of the specimen from published 
tables on saturated vapor pressures of 
water. 

The transfer of moisture M through 
materials has been found within certain 
range of test conditions, to be propor- 
tional to the difference in vapor pressures 
P, to the area A and time ¢ after steady 
flow has been established. Hence, the 
transfer of moisture through a specimen 
is often given by the relation 

M = KAPt 


where K is the coefficient expressing 
the property of the material for the 
thickness under consideration, and is 
usually referred to as the water vapor 
permeability. 

The value K for papers by Charch 
and Scroggie (3) has been found to vary 
with the relative humidity on the high- 
pressure side of the specimen. For 
relative humidities up to about 75 
per cent K was observed to be constant, 
but for humidities above 75 per cent 
it was found to be higher, especially for 
materials of low permeability. A simi- 
lar variation was also observed in 
measurements of building boards by 
the author (1). 

There are a number of other variables 
to be considered in the measurement 
of water vapor permeability of ma- 
terials, including time of conditioning 
to obtain steady flow, edge leakage and 
variation of the vapor pressure across 
intervening spaces of still air. For a 
more detailed discussion of different 
methods of measurement and the in- 
fluence of various variables in the 
determination of water vapor per- 
meability, the appended references 
should be consulted. 

Test Method: 

The apparatus used for measuring 
the water vapor permeability of concrete 
slabs is shown in Fig. 4. In principle, 
this method differs from the common 
a described above, in that the 
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difference in vapor pressures on the two 
sides of the specimen is created by 
cooling the funnel shaped condensing 
surface to a temperature below the dew 
point of the air above the specimen. 
The amount of moisture passing through 
the specimen is collected as condensate 
in beakers, which can be weighed at 
desired intervals. 

A preliminary test of a 1}-in. concrete 
specimen by a similar method indicated 
that appreciable amounts of moisture 
may pass through concrete with ordinary 
room conditions above the concrete 
and a temperature of the condensing 
surface of 32 F. In this method the 
condensing surface was in a form of a 


concrete Specimens 


Fic. 4.— Water Vapor Permeability Apparatus. 


shallow tray, and the apparatus was so 
constructed that it was not possible to 
weigh the condensate until the termina- 
tion of the test. 

In order to determine how the water 
vapor permeability might vary with 
rather widely varying properties of 
concrete, 1} by 10 by 10-in. specimens 
with the mixes shown in the following 
table were cast and cured for 28 days 
under moist conditions: 


Water-Cement Ratios 

Specimen 

Gal. per Parts by 
Sack Weight 


9} 


* Pozzuolanic admixture. 
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The specimens were sealed in the 
apparatus (Fig. 4) with equal parts of a 
mixture of melted beeswax and rosin. 
A constant vapor pressure of 0.214 psi. 
above the specimen was maintained by 
placing the apparatus in a constant 
temperature humidity room at 50 per 
cent relative humidity and a tempera- 
ture of 75 F. With the temperature of 
the condensing surface maintained near 
32 F. with a mixture of ice and water, 
the vapor pressure across the specimen 
was 0.125 psi. The beakers were 
weighed at intervals of every day or two 
during the entire test period of 28 days. 
Since a small break in the seal of 
specimen No. 3 developed a few days 
after the beginning of the test, the 
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These results indicate that the higher 
strength mixes as well as those of lower 
strength are permeable to water vapor, 
although to less degree, even though 
they are known to be impermeable to 
liquid water under high pressure. The 
nature of the flow of condensate is in 
all probability responsible for the irregu- 
lar character of the curves in Fig. 5, 

CONCLUSIONS 

Moisture losses from untreated sur- 
faces of concrete tanks which emerge in 
the form of vapor raised the question 
as to the method by which moisture 
passed through concrete. The latter 
tests clearly indicated that the concrete 
was permeable to water vapor even 


~ 
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Accumulated Condensate, g. 


2 4 6 


20 22 2 26 


Fic. 5.—Accumulated Amounts of Moisture Transmitted Through Concrete Specimens. 


results for this specimen were discarded 
and are therefore not given. A period 
of about 8 to 10 days appears to be 
required to establish appreciable flow. 


Results: 

The accumulated quantities of con- 
densate shown in Fig. 5, indicate that 
the water vapor permeability of the 
specimens of different mixes do vary. 
From an average slope through the 
observed values of each specimen after 
flow had been established, the rates at 
which the moisture passed through the 
specimens were as follows: 

Permeability, 
g. per sq. ft. per hr. 
0.0156 


0.0224 
0.0274 


when no liquid was in contact with the 
surface. Other correlated tests clearly 
showed that this same concrete would 
permit the passage in the amount by 
the action commonly referred to 4s 
capillarity. This series of tests seems 
to have the value in establishing at 
least tentatively the magnitude of vapor 
and capillary resistance of the type 
tested under conditions of these tests. 
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METHODS FOR MEASURING THE PASSAGE OF WATER 
THROUGH CONCRETE* 
SYNOPSIS 


There is a need for correlation of knowledge about the permeability of 
concrete and how to test this property. Permeability implies fluid passage in 
liquid form, as capillary-evaporation moisture, and by water vapor move- 
ment. ‘This paper presents the beginnings of a correlation of data concerning 
these methods by which, moisture moves through concrete. In it are pre- 
sented (1) a discussion of permeability, (2) some tests of the same concrete 
tested for water passage under all three conditions, (3) tests of identical speci- 
mens at low heads alone and for capillarity, and (4) a proposed method to 
compare high-head liquid flow of water to capillarity. 

The new information secured by tests in this study is that capillary move- 
ment of water through concrete may be of a greater magnitude than that of 
free liquids at ordinary heads; it is shown that for that reason permeability 
tests which operate at such heads (less than 10 ft.) measure mostly capillarity. 
‘Thus low-head tests may show concrete containing water-repellent materials 
to be more resistant to capillarity than standard portland cements because 


their surface tension characteristics have been altered. Such tests do not 
necessarily measure the ability of these concretes to resist the passage of 
liquid water. Vapor diffusion treatment contained in this paper and that 


of H. J. Barre® are intended to supplement each other. 


The author, as a member of Subcom- 
mittee VIII on Permeability Tests of 
Concrete of the Society’s Committee 
C-9 on Concrete and Concrete Aggre- 
gates, accepted the assignment of mak- 
ing a comparison of methods for measur- 
ing the permeability of concrete. The 
present paper is a report on that assign- 
ment and represents the status of the 


* The presentation of this paper at the annual meeting 
was sponsored by Committee C-9 on Concrete and Con- 
crete Aggregates. 

1 Associate Professor of Theoretical and Applied 
Mechanics, lowa State College, Ames, Iowa. 

2 See p. 860. 


investigation as it now stands. Addi- 
tional information is being secured and 
will be reported. 

It was the intent of C. H. Scholer, 
former Chairman of Subcommittee VIII, 
that this group publish a report in which 
methods for measuring the permeability 
of concrete be shown and compared. 
The conclusion was reached, however, 
that a comparison of equipment for 
making such tests was of little value 
unless accompanied by comparative test 
data from each method of test. N 
directly comparable test data of th 
nature were available. 
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This author began his study by in- 
vestigating studies made in other fields 
for analogous situations. He found 
them to be about as follows: 

1. In studies of the flow of free liquid 
through granular matter such as soils 
and gravels, considerable information 
was available. No data were available 
to compare testing methods nor to con- 
trast materials except in a general man- 
ner. 

2. Capillary forces have been the sub- 
ject of extensive study on the part of 
soil and earth physcists. Some rela- 
tionships are available in that direction 
for such inert materials as soils (6). It 
is in these studies that the true magni- 
tude of capillary potential is presented. 

3. Vapor movement through struc- 
tural materials is receiving added atten- 
tion in recent years because of demands 
for humidity control. New data are 
available in that direction and new em- 
phasis is placed upon this phenomenon 
as a source of moisture movement. 
Vapor pressure differences demand a 
place in any consideration of perme- 
ability (7). 

For any condition under which water 
passes through a given material a general 
equation may be written between the 
forces acting and the resulting flow. 
Such an equation takes into account the 
fact that the amount of flow of fluids 
through any permeable medium is a 
function of three variables: (1) the 
inherent property of the material to 
resist flow, (2) the area subject to per- 
meability and (3) the forces tending to 
produce flow. ‘This relationship is rep- 
resented by a general equation known 
a8 Darcy’s law. 

(a) Stated for the flow of liquids (sat- 
urated flow) it may be applied to con- 


: *The boldface numbers in parentheses refer to the 
eports and papers appearing in the list of references ap- 
vended to this paper, see p. 879. 


DUNAGAN ON PASSAGE OF WATER THROUGH CONCRETE 


crete as was done by Ruettger, Vidal 
and Wing (1) 


(1) 


where Q = discharge quantity, unit 


volume in unit time, 


H = head of fluid, 
L = percolation length, 


A = gross area subject to per- 
colation, and 
K’' = permeability coefficient for 


concrete under considera- 
tion. 


(6) For capillary movement of mois- 
ture this same relationship may be 
stated as was done by Richards (6) for 
soils g = — K VY, which when expressed 
in similar terms as above becomes 


Q= AV@ 


Where V® is the total water-moving 
field or the total field tending to pro- 
duce motion of the water, for example 
the pressure gradient force and gravity. 
(c) Applied to vapor permeability 
situations, the formula may be used as 
was done by Barre (9) in the form 


Q=K"A—........ (3) 


where dP is the vapor pressure differen- 
tial causing vapor movement. 

Any adequate summary of the per- 
meability of portland-cement concrete 
will include a comparison of the three 
coefficients K. The author took tests 
of these phenomena from other sources — 
and attempted to correlate them with 
published test data for portland-cement 
concrete so as to derive such values. He 
was compelled to conclude: Laws de- 
veloped relative to moisture movement 
for inert materials such as soils or sands — 
cannot be applied directly to portland- 
cement _concretes. Portland-cement 
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concrete has as its fundamental in- 
gredient a material which changes in 
pore characteristics with each incre- 
ment of combined moisture (1), and 
changes in volume with each increment 
of loss or gain of moisture. The fa- 
miliar curve showing reduction in flow of 
liquid water through concrete with time 
of exposure to water pressure (10) has a 
logical basis other than such explana- 
tions as silting of pores, etc. To vindi- 
cate such curves the author made a 
series of tests as shown in Fig. 1. 
The most comprehensive information 
about permeability to be printed since 
this study began is that of the Bureau 


Water Pressure 50 psi 


— 
e ~J--Concrete lest Block 
@ 
“Co apper tubing. Opening 
Gage No./- )Gage af end in concrete 
ion flexible wire in tube 
Three Pressure“ this wire removed 
6 hours after casting 


Fic. 1.-—Device for Studying Pressure Gradient 
of Concrete Subjected to 50-psi. Liquid Pressure. 


of Reclamation (1). Data from many 
sources are here assembled and com- 
pared. The conclusion is reached that 
the flow of liquid water through mass 
concrete follows the normal law of vis- 
cous flow: 
VQ = KA Tr (Darcy)..... (1) 

They develop values for K for various 
conditions, chiefly variations in ratio of 
water to cement and maximum aggre- 
gate sizes. 

The test report published by Ruett- 
gers, Vidal, and Wing (1) is a classic 
work. It will doubtless serve for many 
years as a basis for estimating the per- 
meability of concrete to liquid (satu- 


rated flow) when subjected to great 
heads. It is this author’s opinion that 
these test results are of great value for 
the purposes for which they were found, 
but that the method of test employed 
could not well be advocated for general 
use nor the test results applied generally 
to every day low-head conditions and 
kinds of concrete. 

Since the publication of the foregoing 
paper others have appeared. Notable 
is that by Wiley and Coulson (2) and a 
very competent discussion of it by S. P 
Wing (5). With the exception of Wing’s 
discussion, permeability is treated t 
mean the passage of water in any form 
through concrete. 

Among the problems that make it 
desirable for a study to be made of 
permeability tests as to the property 
which they actually measure is that 
caused by the practice of adding “water 
repellents” to portland cement for the 
purpose of increasing water-tightness 
The Bureau of Reclamation tests (1 
were made under conditions to promot 
actual liquid flow of water under great 
heads for sufficient time to hydrate all 
cement; lesser heads promote flow which 
is chiefly that occasioned by capillarity 
and evaporation. Such tests as those 
of the Bureau which measure liquid 
permeability or saturated flow might 
not be influenced by the presence of 4 
water-repellent; tests made at low heads 
will be so affected. 

These papers, along with some pre 
liminary tests of his own, led the author 
to the following conclusions: 

1. Saturated flow of water through 
conerete, ordinarily called percolation 
is rare, occurring only in weak concretes 
or under very great heads. Most avail- 
able studies have not separated such 
flow from low-head flow which is not! 
liquid form. 

2. Since no data were available 1 
which tests had been made simul 
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TABLE I.-SUMMARY OF TESTS MADE TO COMPARE THE PASSAGE OF WATER THROUGH CONCRETE 


BY VARIOUS MEANS. 
P | | Special Feature Water Passage, ml. per hr. per sq. ft. 
’ Cement | Water, ° ad | Water 
1 Mix Ratio, | percent | Aggre- 28 days, Liquid at C4Pillary,| by Vapor 
Paste psi. no head 2+ | Diffusion 
gal. gate, Type 50 Ib., 50- 00- Box Test, Rat 
] max. hr. rate * | §00-hr. | 
| rate | 
MES: coxxsniedsncs 5.25 0.21 34 1 4360 0. 0.54 0.50 | 0.0156 
SNE 9.25 0.21 34 1 1800 0.65 1.10 1.40 0.0224 
we 5.25 0.19 | % 3 4950 0. 0.20 0.35 x 
9.25 0.19 84 3 2260 0.13 0.60 1.25 | 0.03247 
ee 4 eee 5.25 0.21 34 2 5890 0 0.15 0.30 | Not run 
le 9.25 0.21 2 3110 | 0.85 1.60 | 
5.25 0.19 | % 4 6040 0 | 0.20 0.40 | 
a 9.25 019 | % 4 3350 0 0.43 1.10 
0.21 2 4350 | | 0.85 | 1.20 | 
6.6 0.205 | | § 4200 | 0 0.35 0.40 
7.2 0.19 | | 4 4770 | O | 0.65 0.90 | 
6.6 0.19 | 6 3980 | O 0.22 0.25 | 
m 29 
SA ree 6.6 | 0.18 | 4 1 2555 0.10 |; 0.60 | Not run | 
it “Ss eS | 66 | 0.2 | % 3250 | 0.05 | 0.70 | 
5.7 0.16 | 4050 0 | 
of | 5.9 | 0.19 | % 3500 0 
0.18 | 1500 | Heavy 1.1 | 
ty | 5.6 0.18 44 | 3300 | 0.20 
No. 47 | 4.7 0.18 | 4750 0 | 0.10 
at SSR | 9.1 0.18 | % | 1500 Heavy | 1.0 
5.6 0.22 % 3000 «| | 0.10 
ter No. 50 4.6 0.22 % 5400 0 | 0.08 
he = 1 = Standard portland cement used. 
2 = High-strength portland cement used. 
3 = Pozzolith added to standard cement. 
] 4 = Pozzolith added to high-strength cement. 
5 = Cement used contains a water repellent. 
ote 6 = Water repellent cement plus pozzolith. 
eal 
al TABLE II.-PERMEABILITY TESTS OF CONCRETE AT LOW HEADS. 
The data are plotted in Fig. 7. 
ich 
rity | | Water Passage, ml. per hr. per sq. ft. 
ose Strength, | Period | Period |Period | Period Period |Period |Period |Period 
id | Ratio, |maximum| 78 days, | 3 | 5 | 6 
ight No | 2-ft. | No | 2-ft. | No | 2-ft. | No | 2-ft. 
f head | head head | head | head | head | head | head 
Ol a a 
10 114 2.6 | 24 | 1.0 | 085} 05 | x 
au No. 167. 10 | 1% 1505 2.5 1.3 | 1.6 1.1 | 0.7 | 0.95 | 0.8 1.0 
No. 14. 10 % 1605 2.4 1.5 £5 | 1.1 | 0.8 xX x 
pre- No. 179 10 4 1565 4.2 2.2 | 2.2 | 1.3 | 1.0 | 1:2 | 0.6 | 0.5 
thor No. 15 10 % 1450 4.8 3.0 | 2.0 | 3.0 | 1.3 | 2.5 | 0.8 | 0.85 
No. 18%. 10 % 1500 5.0 2.4 ee | 48 1 45 0.8 0.8 x 
ugh ee ree 7% % 3640 1.1 | 0.30 | 0.8 0.4 0.1 0.6 | 0.4 x 
a4 3580 | 1.8 | 0.05 | 0.17 | 0.35 | 0.05 | X | 0.13] X 
tion, No. 5% 3790 0.8 0.55 | 0.6 0.2 0.01 | 0.3 | 0.01) X 
retes 54% % 4530 (0.6 0.60 xX x | X 
/ | aS 5% | 34 4300 | 0.2 0.10 0.6 0.33 | 0.05 | 0.07 | 0.05 | X 
vail- ans 514 % 4250 0.2 0.25 | 0.35 | 0.05 | X | 0.05| X x 
such 5600 | (0.55 x 0 
ot in | 4% a4 6030 0.05 0.05 | 0.15 | 0.02 | X | 0.30) 0.27 | X 


; Indicates the use of pozzolith, an admixture to reduce the water required in the mix. ' , 
X indicates faulty test. Wax seal could not withstand more than a 2-ft. head for long period of time. _ 
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taneously of the same concrete for these 
characteristics, it was necessary for the 
author to make such tests as his facilities 
would permit in order to arrive at some 
definite values for such characteristics 
as “capillary” movement of water and 
resistance to vapor diffusion. 

In consequence of these conclusions a 
large number of tests were made. Not 
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relationship between cut and cast speci- 
mens, the thickness of specimens and 
other factors was studied in relationship 
to capillarity. 

3. Mixes 20 to 29, Table II, were pre- 
pared to demonstrate the effect of 
capillarity as compared to a 2-ft. head. 
At the same time, aggregate size, water- 
cement ratio and the effect of a water- 
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Fic. 2.—Complete “Box Test” Record from Tests of Four Concretes (Mixes 1 to 4, ‘Table I) 


Upper curve in each case is water added to the box. | 


Lower curve is water lost from the box. 


all are included here. Those reported 
may be divided into three groups: 

1. Twelve concretes in which speci- 
mens were tested to “correlate proper- 
ties” (mixes 1 to 12, Table 1). These 
were tested (a) for permeability by a 
box test, (6) for capillarity by a pan 
test, (c) for liquid permeability at 50- 
lb. pressure, and (d) mixes 1 to 4 for re- 
sistance to vapor diffusion (H. J. Barre 
(9). 

2. A series (mixes 41 to 50, Table I) 
in which the effect of aggregate size, the 


Difference between curves is water absorbed. 


} 


reducing agent ‘‘pozzolith” were ob 


served. 

Tests MADE 

— 
1. Tests to Investigate Pressure Gradient 
Several concrete specimens were 
mounted with tubes embedded as show! 
in Fig. 1. A pressure of 50 lb. was 
applied at the surface with pressure 
gages at the depths indicated. The 
behavior of the pressures may be ge! 
eralized as follows: In the case of con- 
cretes having a strength above 3000 ps. 
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Standard Portland 
Standard Portland + 


Pozzuolith 


2-25 gal. 


5.25 gal. 


(2) 


Early Strength 
Cement 

High Early Strength 

ement + Pozzuolith 


“Mix No. 5 | 


—e— Pozzuolith Used 


_ Mixes Nos. 9 and i! - High oot Strength 
ement 


Mix No.9 


No. I! 72 gal. 
Mix No, /0 
Mix 6.6 gal. 


a 
© 
= 
© 


Mixes Nos. lO.and - Water repellant 
| | | Cement | 


200 400 400 500 600 
Duration of Test, hr. 


_ Fic. 3.—Water Loss Through Sides of Box in Box Test. 
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no pressure reached gage No. 1 ({-in. _ ball. (This pressure remained until crete 
embedment); for a concrete of strength the specimen was permitted to dry out.) do tl 
; about 2000 psi. gage No. 1 reached a ‘These tests seemed to bear out two con- and 
maximum of 26 psi. in about 24 hr. and clusions: (1) The flow of liquid water Se’ 
then began to recede. It wasimpossible through concrete will be at a reducing were 
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1G. 4.- Complete “Pan Test” Record of Capillary-Evaporation Test. ing af 

the si 
~ to again obtain more than 15 psi. (with- rate as water reaches the grains 0! one q 
out drying the specimen and retesting cement and hydrates them. (2) Con- peate 
it). When the 50-psi. pressure was stants for flow of liquid water through kinds 
released from the surface, the 15-psi. concrete can be developed only for 4 Table 
pressure on cell No. 2 maintained itself condition in which all of the cement has meth 
for a long period of time as though the been hydrated, which means that water gage 
concrete were “pumped up” like a foot- has percolated entirely through the con- could 
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crete for a sufficient period of time to 
do this, a period varying with the kind 
and amount of cement present. 
Several tests similar to the foregoing 
were performed. It is regretted that 


they did not lend themselves to presenta- 
tion in the form of quantitative data or 


in graphic form. 
2. Tests by Use of Box Method: 
H. J. Barre (9) reports a series of tests 


in which he studied one aspect of per- 


Water added to hold head 
constant at level of hook gage. 
Entire assembly weighe 

at intervals 


Hook Gage 


Head to be zero 4 
for Capillarity -+-Water 

Tests 

Plastic Seal 


-Metal Pan 


_Capillarity Head 


Air Temperature 
Relative Humidity 55 


Purpose of test : To 
distinguish the water 
caused to pass through 
the specimen by the head 
H from that flowing 
through as a result of 
the action of capillarity 
and evaporation at the 
surface. (Using same 
specimen) 


Fic. 5. -Equipment Used in Tests for Capil- 
larity and for Low Head Flow Study. 
Pan only used to test for capillarity. 
See Figs. 4 and 12. 
Head from bottle added for tests shown in Fig. 7. 


meability by the use of a box composed 
of two L-shaped blocks. In his pre- 
liminary tests Barre studied only the 
effect of various materials as waterproof- 
ing agents upon the water resistance of 
the sides of the box. Since he used only 
one quality of concrete, the author re- 
peated his tests using twelve different 
kinds of concrete (see mixes 1 to 12, 
Table I). For this series, Barre’s test 


method was revised to include a hook 
gage within the box so that the water 
uld be maintained at a constant level. 
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These new boxes were made by clamping 
the blocks together and sealing all con- 
nections with wax. They were then 
placed on rigid metal plates and all 
except 1 sq. ft. of interior and exterior 
surface was painted with aluminum 
paint. The water necessary to maintain 
the level was recorded and the entire 
assembly weighed at intervals. Figure 
2 is a complete record of such a test; 
Fig. 3 is the rate of water loss only from 
the box for all of the concretes tested by 
this method. 

It will be noted that the rate of loss 
decreases with time to a constant rate 
at about 500 hr. Water was lost from 
all boxes regardless of the quality of 
concrete. The box wall thickness was 

5 in. the same as that used for all other > 
permeability tests. 
3. Capillarity Tests of First Series: 

Disks 6 in. in diameter, 1} in. thick, 
were made of this same concrete. They 
were tested for capillarity by a pan test 
in which the specimen is under no head 
(see Fig. 5 for pan used). There was a_ 
consistently greater loss from the box 
than from the disks with concrete from 
the same mix and same thickness (Table 
I). It was because of this difference in 
moisture loss that the author attempted 
to determine the effects of low heads 
upon concrete as compared to capillary 
loss only. 

These later tests indicated that this 
difference was due to other causes such 
as curing or placing differences or even’ 
of imperceptible leakage from the box. 


4. Capillarity Compared to Low Head 
Flow (2-ft. head): 


Fourteen concrete disks were placed 
in devices such as that of Fig. 5, and 
tested for a long period of time. The 
tests were alternated between no head 
(capillarity) and 2-ft. head. A small 
fan kept air movement over the surfaces 


be 
¥ 
y 
| 
sing 
Concrete. 
i 
| 
| 
fet 


874 


to insure normal evaporation. Com- 
plete results are tabulated in Table II 
and plotted in Fig. 7 

It was clearly shown that any losses 
resulting from the application of 2-ft. 
head could not be detected by this 
device. Some specimen holders were 
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in several cases; it may be due to in- 

creased water of absorption. 

5. Test of Slices Sawed from Cast Con- 
crele: 


Some 6 by 12-in. cylinders of these 
concretes were sawed into slices and the 


(a) No static head uch that all \ 


water passing through the concrete doe 
capillarity and evaporation. 


ob ecause of the force 


(b) 2-ft. static head 


Fic. 6. 


capillar 


imperfect so that edge leaks developed, 
but in the majority of tests no increase 
in flow was noted when heads were in- 
creased. In several cases actual de- 
creases in rate of loss was noted with 
each application of the 2-ft. head. This 
will be left unexplained but was noted 


tion the water passing through the concrete doe 
{ capillarity, evaporation and of the 2-ft. he 


—Comparison of Two Methods for Testing the Watertightness of Concrete. 


Disks 114 in. thick by 6 in. in diameter were sealed into metal pans. 
action alone and to capillary action plus the controlled static head. 
method to distinguish between the capillary characteristics of the concrete and its permeability 
to liquid water at such heads. 


of the combined 


The samples were exposed to alternate tes 
It was hoped by this 


pieces tested for their permeability 
No consistent difference could be de- 
tected in the resistence of cut disks and 
of cast concrete disks when subjected to 
50-lb. pressure. In both cases, only the 
concrete of less than 2700 psi. strength 
permitted the passage of liquid water 
-f 
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No. 


Period No./ 
Period No.3 
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Period No.9 


(6-in. disks) 
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Fic. 7..—Permeability Tests of 134 in. Thick Disks Exposed to Alternate “0” and 2-ft. Heads. 


For additional tests see Table II. : 
Specimen No. 14 shows tendency to permit greater loss. 
Tests in air of laboratory in normal conditions of temperature and humidity. 


Concrete made using | 
aggregate 


Ww 


Ls) 


Rate of Loss, ml. per hr. per sq. ft. 


100 200 
Duration of Test, hr. 
«@ : Fic. 8.—Capillarity by Pan Test (See Fig. 5). 


1!4-in. cast disks compared to disks sawed from 6 by 12-in. cylinders of the same concrete. 


es 

875 
250 
Y 
20 

50 / Mix gal-y 

| 
— — 
\% 

| 
de- + Mo, Mix No 46 (5 6 /) 

to 600 

the 

ngth 
vater 
| 


$76 


under 50-lb. pressure. However, in 
many cases the disk cut from the top 1} 
in. of a 6 by 12-in. cylinder was quite 
“permeable,” containing channels 
through which the pressure caused the 
water to flow freely. This seems to be a 
characteristic of the top inch of concrete 
cylinders placed with more than 2 or 
3-in. slump. The channels are probably 
due to the upward displacement of 
water (ordinarily called “bleeding’’). 
Such open channels carry large amount 
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6. Tests of the Effect of Thickness of 
Specimen upon Capillarity: 
Slices 1} in. thick and 4 in. thick 
were sawed from the 6 by 12-in. cylin 
ders. In four cases the 4 in. thick speci- 
men was tested for capillarity in com- 
parison with a 13-in. specimen. In each 
case the rate of leakage at 200 hr. for 
both thicknesses was nearly identical. 
However, at 500 hr. the 4 in. thick 
specimen lost water at a lower rate 


of water under pressure. However, they (see Fig. 9). 
¢ | | | 
| | | 
| | 
£ Mix No.42, Vx | ny, | 
/3 mick 6 gal.) 
= + Mix No.42,- | 
4’ thick (66ga/) | | ~~~] 
| 
Mi / 

Mix No. ix No. 4l, ‘thick (6.6 gal.) 
|_| 

0 = 200 300 400 500 600 


Duration of Test, 


Fic. 9.—Capillarity by 


hr. 
Pan Test (See Fig. 5). 


Effect of thickness of specimens sawed from 6 by 12-in. cylinders of dimensions shown. 


do not seem to affect the capillarity. 
This may be one reason why capillarity 
test results are more uniform than 
those for liquid flow of water. 

The test results shown in Fig. 8 in- 
dicate that a disk sawed from a cylinder 
will show less capillary water passage 
than one cast of the same concrete. 
This may be due to the fact that the 
evaporation surface of a sawed slice is 
plane whereas a trowelled surface is 
rough and presents more area for evap- 
oration. This result is in direct contrast 
to those of Ruettgers, Vidal and Wing 
(1) which indicate a ‘“‘surface effect,” 
causing a reduction of liquid flow for 
cast specimens. 


7. Test to Compare High-head Liquid 
Flow with Capillarity: 


Since it is shown by Ruettgers (1 
that under certain conditions the flov 
of water through concrete did follow t 
law of viscous flow (1) and in this paper 
it is shown that it does not follow this 
law at low heads, this author made an 
attempt to discover where this diver- 
gence begins. 

A test was made using the devic 
shown in Fig. 10. This is a modificatior 
of a method proposed by Cloyd M 
Chapman (8). Chapman’s scheme is 
here modified to include a method for 
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amounts and a method for measuring 
variations in this pressure. 

Two specimens were cast as shown 
in Fig. 10. In each the cavity was 
filled with water and they were exposed 
to the air of the laboratory and weight 
losses recorded at intervals of time. 
With one specimen a force was applied 
to the plunger until the gage reached a 
desired amount; the packing nut was 
then firmly tightened and a record kept 
of the time-pressure relationships on 
the gage. With the other specimen no 
pressure was applied. 


TYPICAL 
Concrete ai: 6 gal. per bag, 34-in. gravel aggregate. 


Duration of test, be. 0 5 10 15 20 30487 48) w 


Gage reading, pei... 35, 22) 20 16 15,15 || 4g 15 


Weight loss | Weight losses identical in both 


specimens. 


* At this point the pressure was released, the packing 
out retightened and the test continued. With no addi- 
tonal application of force the gage again assumed a 
pressure of 15 psi. Such pressure evidently came from 
that “stored up”’ in the concrete from the original pres- 
sure. This seems to indicate that no water movement 
was occurring below a pressure of 15 psi., consequently 
_ system was not following the normal law of viscous 
ow. 


The indications of these tests are that 
agiven concrete will sustain some max- 
imum water pressure without permitting 
the flow of liquid water, in this case 15 
psi., but as this pressure is exceeded flow 
will progress according to some form of 
Darey’s Eq. 1. Since this maximum will 
depend upon the hydration of the cement 
particles, such a test will require a long 
lime for completion. Such tests are 
till in progress. 


‘. Tests of the Same Concrete for Liquid 
Flow and Vapor Diffusion: 

As indicated by remarks elsewhere in 
his paper and shown in Table I, four 
concretes were tested for resistance to 
the liquid flow of water and to vapor 
‘ifusion. The vapor diffusion study 
vas made by H. J. Barre (9). A presen- 
ation of the results of the study is made 
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by the use of Fig. 11. It will be observed 
that the liquid flow under 50-lb. pres- 
sure followed the usual reducing rate of 
flow, reaching an approximately con- 
stant rate at about 50 hours, while a 
much longer period was necessary in 
order to promote vapor diffusion through 
these 15 in. thick specimens. Moisture 
was not collected on the cold side of 
the specimens tested for vapor resistance 
until a lapse of 200 hr. and after this 
period it seemed to appear at a con- 
stant rate. 


“Rod Plunger 
Stee/ Cylinder 


Threaded / Pressyre Gage 
Packing Nut-~ + j 
Packing - a 


~-Hole Bored in 


ressure to Gage 


Cavity Cast by 
Using Ottowa 
Sand in Rubber 
Balloon 


Concrete; | 
Cinder cay 


Fic. 10.—Device for Comparing High Head 
Flow with Capillary Losses Using Same Speci- 


men. 


Pressure applied by plunger and losses recorded 
over period of time. 

Pressure varied and losses noted for equivalent 
periods. 


CONCLUSIONS 


1. Since present literature contains 
no cross references to correlate the 
properties (a) liquid percolation, (d) 
capillary action, and (c) vapor diffusion, 
more data are necessary before adequate 
conclusions can be reached relative to 
testing the permeability of concrete. 
An adequate comparison of methods of 
test cannot be made without a com- 
parison of fundamental data secured by 
Because of this lack the 


each method. 
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reconnaisance tests of this study were of an invading liquid. Then the fabric by th 
made. in a sense calls “Halt” to the invasion by va 
2. The presence of water repellents of the liquid to any degree whatever, § willh 
in portland cement causes a reduction Water-repellent processes, on the other when 
in capillary movement of moisture’ hand, raise the surface tension of a flow. 
through concrete. This may be ex- fabric to some degree, and the amount § streng 
plained as for other materials by the of resistance a cloth has to wetting will show! 
reduction of surface tension (4). Tests depend upon the degree of tension se- 
” 
such as the box tests of this paper or cured.’’) 
Temperature 70F. Tests of 4 Concretes 
Relative Humidity 55 for Vapor Permeability 
--~Vapor Movement 
— Cold Water 
>~-Condensation, Temperature 33F. 
Relative Humidity /00 
‘Condensed Vapor 
220 T T 
= 4 
é 0 100 200 300 400 500 600 700 - 
Duration of Test, hr. 
Mix No.4 at 0./3ml. per hr per sq.ft. Water of 50-/b.Pressure 
Mix No.2 at 0.65 mi. per hr. per sq ft. ‘y f 
Mixes Nos./ and 3 at Oml. per hr. per sq. ft 
50 | "p0zzo. 
2 |/ | nixing 
g 0 | in ceme 
0 50 100 Liquid Flow inj 
Duration of Test, hr. Only any 
Tests of Same 4 Concretes for ary res 
Liquid Permeability at 50-Ib. Pressure ing the 
Fic. 11.—Tests of Four Concretes for Vapor Permeability and Liquid Permeability. strengt} 
other low-head tests will indicate such 3. High-strength cements in_ thes 
concrete to be more impermeable than tests seemed to increase watertightness 
concrete of the same strength without in all forms of flow measurement (wil! i 
the added water repellent. (In her heads less than 100 ft.) in proportio! 1) Art 
article on waterproofing Margaret Dana to the amount in which they increase 
(4) says “Waterproofing is no more nor — the compressive strength of the concrete : 
less than a treatment which raises the 4. With the same water-cement rati0, I 
natural energy of a fabric to the point a change in the water percentage (spat \ 
at which it at least equals the tension occupied by water at the time of mixing) 3 
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by the use of water-reducing agents or 
by varying the aggregate characteristics 
will have little effect upon watertightness 
when measured by low-head (liquid) 
fow. This leakage varies with the 
strength of the concrete. In the tests 
shown herein, a commercial admixture 
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explained by assuming that this material 
contained a water repellent. (An as- 
sumption found to be erroneous after the 
preparation of this paper.) 

5. As a method of test for perme- 
ability to liquid water, low-head pres- 
sures applied to concrete specimens do 


Fic. 12. 


tocapillary movement of water with increase in strength. 
an added improvement. 


‘pozzolith” permitted a reduction in 
mixing water; this permitted a reduction 
incement content for the same strength. 
An improvement was noted in the capil- 
ary resistance of the concrete contain- 
ing the pozzolith (even at the same 
trength) (see Fig. 12); this might be 


1) Arthur Ruettgers, E. N. Vidal and 
5. P. Wing, “An Investigation of the 
Permeability of Mass Concrete with 
Particular Reference to Boulder 
Dam,” Journal, Am. Concrete Inst., 
Vol. 31, March—April, 1935, p. 
382. 
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IxeS 4 an. 
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Rate of Water Passage at 500 hr.,ml.per hr. per sq. ft. 
Plotted Summary of Capillarity Tests (See Pan Test Fig. 5). 


Since all tests were made from concrete of plastic consistency, these data indicate an improvement in resistance 


Relationship between 28-day strength and rate of water loss at 500 hr. 


Pozzuolith, used because it reduced water requirement, made 
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Mr. M. O. Wituey.'—This is an 
admirable piece of work that is reported 
upon in this paper. There is just one 
matter that strikes me as questionable, 
and that is the relation of permeability 
tostrength. We have had nearly every 
property of concrete related to its 
strength, but I hope that before he 
fnishes Mr. Dunagan will be able to 
relate his findings to other physical 
characteristics of the material. For 
instance, he says that there was no 
relation between flow or vapor trans- 
mitted to density. Was there any 
relation of the leakage or vapor trans- 
mission to i 
I think it is proper to show these rela- 
tionships to strength, but we are often 
led to misinterpret them. Hence, it is 
advisable to find other relations if they 
exist. 

Mr. W. M. DwunaGan? (author’s 
losure by letter).—It was because of my 
agreement with Mr. Withey’s reasoning 
that my tests tabulated in Table I, were 
organized as they were. The third 
column of this table indicates the per- 
centage of water required to bring each 
of the mixes used to the same work- 
ability; since these mixes were at the 
same workability and since they are 

ompared at the same water-cement 
ratios, the cement contents and densities 


c 
——., the cement void ratio? 


me of Mechanics, University of Wisconsin, 
n, Wis. 

,, Associate Professor of Theoretical and Applied 
"echanics, Iowa State College, Ames, Iowa. 
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(amounts of solid present) will be found 
to vary with this water requirement. 
The water required for mixes Nos. land 2 
(0.21) is more than that for Nos. 3 and 4 
(0.19) because a water reducing agent 
“Pozzolith” was used in the latter. The 
water required for No. 41 (0.18) is less 
than that for No. 42 (0.21) because the 
aggregate maximum size was changed 
from 7 in. to ? in. The author chose 
these two methods for securing con- 
cretes having the same water-cement 
ratios but varying in densities hoping 
for some significant information. Care- 
ful interpretation of the strength and 
watertightness data led to the following 
significant conclusion: regardless of the 
method used to alter the water require- 
ment of these mixes the strength varied 
with the water-cement ratio for mixes 
using similar cements and the resistance 
to the passage of water in all forms 
varied with the same variable. For 
this reason the watertightness was not 
shown in its relationship to density 
since such a correlation would have been 
a duplication. 

Despite other attempted correlations 
a consistent relationship was shown 
between strength and watertightness as 
measured by these methods. All data 
relative to the mixes are available in 
Tables I and II; if density comparisons 
are desired they may be easily deduced 
if it is realized that the water percentage 
given in the third column is a significant 
figure. 
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_ MODIFIED PROCEDURE FOR TESTING CONCRETE AGGREGATE 


SOUNDNESS BY USE OF MAGNESIUM SULFATE*— 


By CHARLES E. WUERPEL!' 


The program of tests conducted in the 
Central Concrete Laboratory” on meth- 
ods of testing the soundness of concrete 
aggregate by means of a crystallization 
test® resulted in the formulation of a 
method of test which provides numerous 
improvements over the present A.S.T.M. 
Tentative Method of Test for Soundness 
of Aggregates by Use of Sodium Sulfate 
or Magnesium Sulfate (C 88 - 37 T).‘ 
The modified method is appended to this 
paper.® 

The departures from the present 
tentative method are so great that Com- 
mittee C-9 on Concrete and Concrete 
Aggregates suggested its publication as 
information pending opportunity for 
study of the results obtained from a 
proposed cooperative series of tests on 
various methods of testing the sound- 
ness of aggregate. 

The advantage of the modified method 

Be test lies in the improved concordance 
_ of results obtained by its use. A brief 
discussion of the principal modified 


* The presentation of this paper at the annual meeting 
was sponsored by Committee C-9 on Concrete and Con- 
crete Aggregates. 

! Engineer in Charge, Central Concrete Laboratory, 
_ U.S. Military Academy, West Point, N. Y 

q 2 North Atlantic Division, U.S. Engineer Department 
3 Charles Wuerpel, ‘‘Factors Affecting the Testing of 
f Concrete Aggregate Durability,’’ Proceedings, Am. Soc. 
Testing Mats., Vol. 38, Part I, p. 327 (1938). 
* Proceedings, Am. Soc. Testing Mats., Vol. 37, Part I, 
a p. 804 (1937); also 1937 Book of A.S.T.M. Tentative 


Standards, p. 645. 
5 See p. 885. 


features of the method and the reasons 
for their adoption are given below. 

The method is restricted to the use of 
only one salt, magnesium sulfate, with 
the elimination of sodium sulfate, be- 
cause no advantage could be found in 
having two mediums of crystallization 
under one test procedure. Magnesium 
sulfate was chosen because of its lesser 
sensitivity to temperature change 
greater severity of attack, ease of 
acquisition and cheapness in cost. N 
compensatory disadvantages are known. 

Figure 1 shows the solubility curve of 
magnesium sulfate and sodium sulfate 
The low solubility and great thermal 
sensitivity of sodium sulfate are obvious. 

The scope of the method has been 
revised in the interests of standardiza- 
tion and in order to eliminate the 
nullifying effect of the phrase “... the 
test method should not be used as a! 
arbitrary basis of rejection; it should be 
used only to furnish information t 
indicate whether or not the materials 
require further investigation of their sound 
ness’’ (theitalicsaretheauthor’s). What 
other investigations does this phrase 
contemplate? The scope in its preset! 
form raises the method to the dignit) 
of an acceptance method. 

Provision is made for a standard ty} 
of specimen container. One of the 
greatest sources of variables in the exist: 
ing method is the absence of a container 


and immersion tank specification. 1h 
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note to Section 2(c)® further vitiates the 
existing method. 

The principle of the test method is 
changed from a saturated solution to a 
solution of constant salt concentration. 
The latter is preferable because it may 
be readily achieved, whereas a saturated 
slution is very difficult to maintain 
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In short, it reduces extraneous variables 
to a minimum. 

The results obtained are lower in 
percentage of specimen weight loss when 
the less-than-saturated constant concen- 
tration solution is used than are obtained 
with the so-called saturated solution, 
but the action of the salt crystallization 


a 
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MgSO, 
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Parts of Salt per 100 Parts of Water 


{ 
60 
al Nay 
40 50 60 70 80 90 100 120 
Temperature , deg. Fahr. 


1G. 1.— Comparison of the Solubility of So 
from cycle to cycle of the test. ‘The use 
ofa solution of constant concentration 
minimizes the effect of moderate labora- 
lory temperature fluctuation upon the 
results of the test and minimizes the 
possibility of specimen cementation or 
“taking” during the progress of the test. 


*“Nore.—No standard form of container is recom- 
mended since different practices will be most convenient 
various laboratories...” 


= 


dium and Magnesium Sulfate in Water. 


is restricted to the interior of the speci- 
men, where it belongs, and results of 
repeated tests are more concordant. 

The use of centrifugal force is intro- 
duced in the removal of excess solution 
from the samples of fine aggregate. 
This is done to minimize the tendency 
toward cementation of the sample by 
salts precipitated on the surfaces of the 
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particles during the repeated drying 
cycles. The amount of centrifugal force 
permitted by the test method is limited 
to preclude the expulsion of solution 
from the capillaries of the specimen 
particles. 

There has been some criticism of 
magnesium sulfate on the basis that it 
will react with calcareous materials and 
thereby introduce an undesired chemical 
action in the test. Studies conducted 
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in this laboratory indicate that mag. 
nesium sulfate will react with some 
insoluble calcium compounds to ap 
appreciable degree at elevated temper. 
tures, but the extent of the reaction js 
negligible under the conditions of this 
test method. The period during each 
cycle of the test during which the salt 
is chemically active is so short that the 
physical results are not appreciably 
affected. 
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APPENDIX 


4 | q PROPOSED METHOD OF TEST FOR | 
SOUNDNESS OF AGGREGATES BY USE OF MAGNESIUM SULFATE 


Scope 


1. This method describes the proce- 
dure to be followed in testing aggregates 
to determine their resistance to disin- 
tegration by an aqueous solution of 
magnesium sulfate. It furnishes in- 
formation helpful in judging the sound- 
ness of aggregates subjected to 
weathering action, when dependable 
service records of the materials are not 
available. In view of the delicacy of 
the test it is important that the proce- 
dure be followed exactly. 


Apparatus 


2. The apparatus shall consist of the 
following: 

(a) Sieves.—Sieves with square open- 
ings of the following sizes conforming 
to the Standard Specifications for Sieves 
for Testing Purposes (A.S.T.M. Desig- 
nation: E 11) of the American Society 
for Testing Materials,! for sieving the 
sr in accordance with Sections 4 
and 5: 


i 
Fine Series 
No. 100 (149 micron) _ 

No. 50 (297 micron) 
No. 30 (590 micron) 
2380 micron) 
4 (4760 micron) a 


2 in. 
4 in. 
# in. 
1 in. 
13 in. 
2 in. 
24 in. 


Coarse Series 


| Proceedings, Am. Soc. Testing Mats., Vol. 38, Part I, 


. 1289 (1938): al 
1938 Book of A.S.T.M. Tentative 


(b) Containers.—Containers, for im- 
mersing the divided samples of aggre- — 
gate in the solution, consisting of wire- 
mesh baskets? of any desired shape, but 
of a size at least sufficient to hold the © 
sample with not less than # in. clear dis- 
tance from the top of the inundated © 
sample to the top of the basket. The 
meshes of each basket shall be as follows: | 


Basket | Grain Size of Sample 


FINE AGGREGATE 


8-mesh No. 4 (4760-micron) 

16-mesh No. 8 (2380-micron) 

30-mesh No. 16 (1190-micron) 
50-mesh No. 30 (590-micron) 
100-mesh No. 50 (297-micron) 
100-mesh No. 100 (149-micron) 


CoaRsE AGGREGATE 
4-mesh | 


any size 


(c) Immersion Tanks.—Suitable tanks 
for holding the magnesium sulfate solu-- 
tion in which the divided samples of 
aggregate are suspended during the im- 
mersion period. The tanks may be of 
any desired shape and constructed of 
any material not susceptible to action by 
magnesium sulfate, but the size of the 
tank shall be sufficient to accommodate 
the amount of solution specified in Sec- 
tion 6 (Note). 


2 Copper or brass wire-mesh baskets are recommended 
for fine aggregate and galvanized-iron wire-mesh baskets 
for coarse aggregate. 


ome & per’ 1 .* | 
salt 
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Note.—Separate immersion tanks are recom- 
mended for fine and coarse aggregate since the 
container size for the two will be quite different. 


(d) Balances.—Balances of appro- 
priate capacities shall be provided for 
weighing the separate grain-size samples 
before and after testing. The balances 
shall be accurate to 0.02 per cent of their 
capacity. 

(e) Drying Oven.—The drying oven 
shall provide a free circulation of air 
through the oven and shall be capable of 
maintaining a temperature of 105 to 
110 C. (221 to 230 F.). 

Nore.—A large size oven may be inexpen- 
sively constructed of sheet metal lined with 
asbestos board; the heating provided by ordinary 


strip heaters, and temperature controlled by 
bimetallic thermostats. 


(f) Reagent.—Supply of a saturated 
solution of c.p. barium chloride (see 
Section 9 (a)). 


Sulfate Solution 


3. (a) The aqueous solution shall be 
prepared by dissolving a U.S.P. or 
equal grade of crystalline magnesium 

sulfate (MgSO,-7H:.O) (Epsom salts) in 

water at a temperature of 15 to 27 C. 

(60 to 80 F.) in the proportions necessary 

to bring the solution to a specific gravity 

of 1.275 at 21 C. (70 F.) (Note). The 
mixture shall be thoroughly stirred dur- 
ing the addition of the salt and the solu- 
tion shall be stirred at frequent intervals 
for 3 hr. and permitted to stand over- 
night at a temperature of not less than 
15 C., before its initial use. 


U.S.P. salt to 1 part of water by weight and 


Note.—This mixture requires 1 part of 
4 a saturated solution at 14 C. (57 F.) 


(b) The aqueous solution shall be 
maintained within the temperature range 
of 15 to 27 C. (60 to 80 F.) throughout 
the period of the test. 

(c) The specific gravity of the solu- 
tion shall be checked with a satisfactory 
hydrometer (range 1.150 to 1.350) be- 
fore each sample immersion period. 
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The specific gravity of the solution shall 
be maintained during the test between 
1.265 and 1.285 by additions of water or 


salt, as required. i 


Samples 


4. (a) Fine Aggregate.—Fine aggre. 
gate for the test shall be passed through 
a 3-in. sieve. The sample shall be of 
such size that it will yield not less than 
100 g. of each of the following sizes, 
which shall be available in amounts of § 
per cent or more, expressed in terms of 
the following sieves: 


Retained on Sieve 


No. 100 (149-micron) 
No. 50 (297-micron) 
No. 30 (590-micron) 
No. 16 (1190-micron) 
No. 8 (2380-micron) 
No. 4 (4760-micron) 


Passing Sieve 

No. 50 (297-micron) 
No. 30 (590-micron) 
No. 16 (1190-micron) 
No. 8 (2380-micron) 
No. 4 (4760-micron) 

%-in. 

(b) Coarse Aggregate.—Coarse aggre- 
gate for the test shall consist of mate- 
rial from which the sizes finer than the 
No. 4 (4760-micron) sieve have been 
removed. The sample shall be of such 
a size that it will yield not less than 
the following amounts of the different 
sizes (Note), which shall be available 


in amounts of 5 per cent or more: 


Size (Square- 
Hole Sieves) 


{to in. .. to 1000¢. 

to 24 in. to 1500 ¢ 


Nore. When coarse aggregate consists 0! 
heterogeneous glacial or alluvial gravels the 
amounts used for the different sizes should be 
the maximum practicable in order to minimix 
errors due to nonrepresentation.. 


(c) Should the samples contain les 
than 5 per cent of any of the sizes spec 
fied in Paragraph (a) or (6), that siz 
shall not be tested, but, for the purpo* 
of calculating the test results, it shall b 
considered to have the same loss # 
magnesium sulfate treatment as tht 
average of the next smaller and the net 
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larger size, or if one of these sizes is 
absent, it shall be considered to have the 
same loss as the next larger or next 
smaller size, whichever is _ present. 
Gravel pebble sizes larger than 23 in. 
shall be treated in the manner described 
for ledge rock (see Section 5 (c)). 


Preparation of Test Sample 


5. (a) Fine Aggregate-——The sample 
of fine aggregate shall be thoroughly 
washed on a No. 100 (149-micron) sieve, 
dried to constant weight at 105 to 
110C. (221 to 230 F.), and separated 
into the different sizes by sieving, as 
follows: 

Make a rough separation of the graded 
sample by means of a nest of the stand- 
ard sieves specified in Section 4 (a). 
From the fractions obtained in this 
manner, select samples of sufficient size 
to yield 100 g. after sieving to refusal 
(Note). (In general, a 110-g. sample will 
be sufficient.) Fine aggregate sticking 
in the meshes of the sieves shall not be 
used in preparing the samples. Sam- 
ples consisting of 100 g. shall be weighed 
out of each of the separated fractions 
after final sieving and placed in separate 
containers for the test. 

(b) Coarse Aggregate-—The sample of 
coarse aggregate shall be thoroughly 
washed and dried to constant weight at 
105 to 110 C. (221 to 230 F.), and shall 
be separated into the different sizes pre- 
scribed in Section 4 (b) by sieving to 
refusal (Note). The proper weight of 
sample for each fraction shall be weighed 
out and placed in separate containers for 
the test. In the case of fractions coarser 
than the 3-in. sieve, the number of par- 
ticles shall be counted. 


Notr.—“Refusal” shall be considered 
reached when not more than 0.1 per cent by 
weight passes the particular sieve in 1 min. 
of continuous shaking. 


(c) Ledge Rock.—For testing ledge 
tock or pebbles of gravel larger than 


24 in., the sample shall be prepared by 
breaking it into fragments reasonably 
uniform in size and shape and weighing 4 
approximately 100 g. each. The test 
sample shall weigh 5000 g. + 2 per. 
cent. The sample shall be thoroughly — 
washed and dried previous to test as 
described in Paragraph (6). 


Storage of Samples in Solution 


6. The samples shall be immersed in 
the prepared solution of magnesium sul- 
fate for 16 hr. in such a manner that the ’ 
solution covers the material to a pol 
of at least } in. Each sample shall be 
immersed in a volume of solution suffi- 
cient to keep the volume ratio of solution — 
to sample not less than 5 to 1 for coarse 
aggregate and not less than 7.5 to 1 for 
fine aggregate (Note). 


Note.— The maintaining of a definite volume — 
ratio prevents the precipitated salts on the — 
surface of the dehydrated aggregate particles — 
from increasing the specific gravity of the solu- 
tion by more than 0.005 when they are dissolved. — 


Drying Samples After Immersion - 


7. (a) Fine Aggregate.—After the 16- 
hr. immersion period the baskets con- 
taining fine aggregate shall be removed > 
from the immersion tank and permitted — 
to drain for about 10 min. but not more 
than 1 hr. After draining they shall be 
spun centrifugally (Note 1) until the 
solution is essentially removed from the 
sample (Note 2). The sample shall a 
be placed in the drying oven for 6 hr. 
The temperature of the oven shall have 
been brought previously to 105 to 110 C. 
(221 to 230 F.). After the drying pe- 
riod the samples shall be removed from 
the oven and permitted to cool to room 
temperature for approximately 1 hr., 
when they shall be again immersed in 
the prepared solution as described in 
Section 6. Care shall be used to avoid 
the loss of aggregate particles during the 
various phases of the test. 
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Nore 1.—The centripetal acceleration exerted Quantitative Examination 


by centrifugal spinning shall not exceed 5500 ft. 
per sec. per sec. 

Centripetal acceleration may be calculated 
as follows: 


where: 
A = centripetal acceleration in feet per sec- 
ond per second, 
_ V = peripheral speed in feet per second, and 
R= radius in feet. 
Equivalent acceleration may be calculated 


as follows: 
4 

R = effective radius in feet. 

Norte 2.—No particular means of obtaining 
the centrifugal force application is specified. 
This may be accomplished by various types of 
centrifuges, slings, or other improvised means. 
However, it is important that the fine aggregate 
contain not more than 4 per cent solution in the 
form of free moisture by weight when the sample 
is introduced into the drying oven. 


(b) Coarse Aggregate—After the 16- 
hr. immersion period the baskets con- 
taining coarse aggregate shall be re- 
moved from the immersion tank and 
permitted to drain for about 10 min. 
and then placed in the drying oven. 
The temperature of the oven shall have 
been brought previously to 105 to 110 C. 
(221 to 230 F.). Care shall be exercised 
to avoid loss of any of the aggregate 
particles coarser than the No. 4 sieve. 
The samples shall be dried for 6 hr. at 
the specified temperature. After dry- 
ing, the samples shall be allowed to 
cool to room temperature, when they 
shall be again immersed in the prepared 
solution as described in Section 6. 


Cycles 
8. The process of alternate immersion 
and drying shall be repeated until the 
required number of cycles is obtained. 


681 
VR 


Revolutions per minute = 


where: 
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(Note) shall be made as follows: 


cycle, and after the sample is cooled, 
the sample shall be washed free from the 
magnesium sulfate as determined by 


barium chloride (BaCl.). 


of the sample shall be dried to constant 
weight at 105 to 110 C. (221 to 230 F) 
weighed; and, except in the case of 


9. The quantitative examination 


(a) After the completion of the final 


the reaction of the wash water with 


(6) After the magnesium sulfate solu- 
tion has been removed, each fraction 


ledge rock, sieved over the same sieve 
on which it was retained before the 
test. The particles retained on this 
sieve shall be weighed, and the weight 
recorded. 


Note.—In addition to performing the opera- 
tions described in Paragraphs (a) and (b), it is 
suggested that additional information of value 
will be obtained by examining each fraction 
visually in order to determine whether there is 
any evidence of excessive splitting of the grains. 


(c) In the case of ledge rock the loss 
in weight shall be determined by sub- 
tracting from the original weight of the 
sample the final weight of all fragments 
which have not broken into three or 
more pieces. 


¢ 
Qualitative Examination 


10. (2) The qualitative examination 
and record shall consist of two parts: (/) 
Observation of the effect of the action 
(Note) by the magnesium sulfate solu 
tion and the nature of the action upo 
the portion of the sample retained after 
final sieving at the end of the test, ané 
(2) counting of the number of particles 
affected. 


Note.—Many types of action may be & 
pected. In general, they may be classified # 
disintegration, splitting, crumbling, crackin 
flaking, etc. 
While only particles larger than the jin 
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size are required to be examined qualitatively, 
it is recommended that examination of the 
smaller sizes be made in order to determine 
whether there is any evidence of excessive 
splitting. 


Report 


11. The report shall include the fol- 
lowing (Note): 

(a) Weight of each fraction of each 
sample before test. 

(b) Except in the case of ledge rock, 
material from each fraction of the 
sample, finer than the sieve on which the 
fraction was retained before test, ex- 
pressed as a percentage by weight of the 
fraction. 

(c) Weighted average calculated from 
the percentage of loss for each fraction, 
based on the grading of the sample as 
received for examination, or preferably, 
on the average grading of the material 
from that portion of the supply of which 
the sample is representative. 


TABLE I. —SUGGESTED FORM 
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(d) In the case of particles coarser 
than } in. before test: 
(1) Number of particles in each frac- 
tion before test, and 
(2) Number of particles affected, 


Classified as to number disin- 
tegrating, splitting, crumb- 
ling, cracking, flaking, etc. 
(e) In the case of ledge rock: 

(1) The percentage of loss calculated . 
as described in Section 9 (c), 
and 

(2) The number of pieces affected, — 
classified as to number disin- 
tegrating, splitting, crumb-— 

ling, cracking, flaking, etc. 
Note.—Table I, shown with test values in- 


serted for purpose of illustration, is a suggested — 
form for recording test data. . 


Reproducibility of Results 

12. The results of duplicate tests made 
in the same laboratory should agree 
within 20 per cent of the percentage loss 
for both fine and coarse aggregate. 


FOR RECORDING TEST DATA. 


Sieve Size 


Passing Retained on 


Percentage | Weighted 
Coating f of Passing Finer} Average 
Sieve After | (Corrected 
Sample, tions Before Test (Actual per cent 
per cent Test, g. per cent Loss)| Loss) 


Sounpness Test oF FINE AGGREGATE 


No. 100 (149-micron) 


No. 50 (297-micron).......... No. 100 (149-micron)....... 
No. 30 (590-micron).......... No. 50 (297-micron)........ 
No. 16 No. 30 (590-micron)........ 
(2380-micron) .. .| No. 16 (1190-micron)....... 


. 8 (2380-micron)........ 
Yo. 4 (4760-micron)........ 


100 3.5 0.40 
26.0 100 4.2 1.09 
25.2 100 4.8 1.21 
17.0 100 8.0 1.36 
10.8 | 100 94.2 1.21 

14.2” 0.52 


inimum amounts; larger samples may be used. 


° The percentage loss (11.2 per cent) of the next smaller size is used as the percentage loss for this size, since this 
size contains less than 5 per cent of the original sample as received (see Section 4(c)). 
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DISCUSSION 


Mr. IRA Paut.'—I see two points at 
issue in the revised method of test for 
soundness of aggregate proposed by 
Mr. Wuerpel. 

The first is that in the centrifuge 
method, the author proposes to elimi- 
nate the surface salt solution on the 
aggregate in order to control caking of 
the samples during the drying cycle. 
In doing so he is probably unaware of the 
fact that he is removing the salt solution 
absorbed by the aggregate. With silice- 
ous aggregates the centrifugal method 
will not have any appreciable effect on 
the final test results, because there is 
very little or no penetration of the salt 
within the aggregate. However, the 
method will affect the results on soft 
and friable aggregates. Not only is the 
surface solution removed, but .some of 
the absorbed salt solution as well. As 
a result, lower test values are obtained 
on questionable or poor aggregates, and 
in some cases very little or no differen- 
tiation can be made between a good and 
a questionable aggregate. 

Secondly, by using a less than satu- 
rated solution of magnesium sulfate, a 
less amount of salt crystals will be ab- 
sorbed by the aggregate. The activity 
of the reduced amount of salt crystals 
will result in correspondingly lower losses 
or breakdown of a poor aggregate. 

- Since 1931 the New York State 
Laboratory, where the magnesium sul- 
fate accelerated soundness test was first 
developed, has had practically no diffi- 
culty in obtaining reproducible tests 


1 Associate Laboratory Engineer, New York State 
Department of Public Works, Albany, N. Y 
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with the Tentative Method of Test for 
Soundness of Aggregates by Use of 
Sodium Sulfate or Magnesium Sulfate 
(A.S.T.M. Designation: C 88 - 39T): 
The 5-cycle test has given us a wide 
scale of differentiation between good and 
poor aggregates. Caking of the test 
fractions after the drying cycle has in 
no way interfered with the dissolving of 
the crystals during the immersion period 
in the saturated magnesium sulfate 
solution. 

Mr. CHARLES E. WUERPEL* (author's 
closure by letter).—The possibility of 
expulsion of some or all of the absorbed 
solution from the particles of fine ag- 
gregate, during the centrifugal spinning 
of the specimen baskets, was considered 
and investigated during the research 
program‘. The centripetal acceleration 
used in the test, and recommended in 
Note 1 to Section 7(a) of the proposed 
method of test, was found to be insufi- 
cient to disturb the solution absorbei 
by the particles. The centrifugal force 
is used only to remove the major por- 
tion of the surplus solution held by 
surface tension in the voids between the 
individual particles of aggregate in the 
test container. 

Reference to Table II of the report 0! 
the Research Program‘ will indicate 
that clear differentiation is obtaine’ 
between good and questionable aggre 
gate when the “centrifuge’’ method » 

? 1939 Book of A.S.T.M. Standards, Part Il, p.* 

Engineer in Charge, Central Concrete Laborato 
U.S. Military Academy, West Point, N. Y. af 

4 Charles E. Wuerpel, ‘Factors Affecting the Tests 


of Concrete Aggregate Durability,’’ Proceedings, Am.° 
Testing Mats., Vol. 38, Part I, p. 327 (1938). 
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ysed. The data shown in Table II are 
supported by test of fine aggregate from 
more than 100 sources in the north- 
eastern United States during the past 
2 yr. 

The “centrifugal” method using the 
less-than-saturated solution of magne- 
sium sulfate does produce lower losses 
than other methods with so-called sat- 
urated solutions, but the results are far 
superior in concordance and, in any case, 


1g of 


hor’ 
y of 
hed 
ag: 
ning 
lered 
parch 
ation 
ed in 
posed 
orbed 
force 
por- 
d by 
n the 
n the 


v 
= 


ort 
dicate 
agere 
|, p 


DISCUSSION ON CONCRETE AGGREGATE SOUNDNESS 891 
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the percentage of loss is only relative in 
value. 

Prior to the development of the pro- 
posed test method, the results of the 
soundness tests of aggregate varied con- 
siderably and were used with = 
hesitancy by this laboratory as a basis 
for acceptance or rejection of an ag- 
gregate. During the past 2 yr. the. 
new method has been used with con- 
fidence and reproducibility. 
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= ‘W LABORATORY METHOD FOR DETERMINING THE ORGANIC 


MATTER IN WASHED 


By Ira 


The Society’s Method a Test for 
Organic Impurities in Sands for Concrete 
(C 40 — 33)? states in its scope: “This 
test is an approximate method for deter- 
mining the presence of injurious organic 
impurities in natural sands which are to 
be used in cement mortar or concrete. 
The principal value of this test is to fur- 
nish a warning that further tests are 

necessary before they are approved for 
use.” In other words the Abrams- 
_ _Harder colorimetric test itself gives no 

definite information to the testing en- 
-gineer about organic impurities likely 
to be present in a fine aggregate which 
may or may not affect the strength of 
cement mortar or concrete. 

The organic impurities in a fine ag- 
4 gregate, in general, are derived from the 


decomposition of vegetable matter usu- 
ally present in the topsoil or stripping of 
a sand bank. Upon leaching, some of 
these organic soluble acids and salts of 
complex nature will percolate through 
the soil stratum. If the subsoil is of 
such a nature as to react with these acids 
or salts, an interchange or direct com- 
bination will take place. For example, 
the organic acids resulting from the 
decomposition of tree roots, bark, or 
other vegetable matter will, on percola- 
tion through the soil, react with the basic 
compounds of the sand of alkaline or 


* The presentation of this paper at the annual meeting 
was sponsored by Committee C-9 on Concrete and Con- 
crete Aggregates. 

1 Associate Laboratory Engineer, New York State 
Department of Public Works, Albany, N. Y. 

2 1936 Book of A.S.T.M. Standards, Part II, p. 350. 


FINE AGGREGATES* 


alkali earth nature to form soluble or 
insoluble organic compounds as a result 
of their interaction. Such organic con- 
pounds as are soluble in water will 
usually be removed by a washing process 
such as a concrete sand is usually given. 
On the other hand, the insoluble com- 
pounds remaining in the aggregate after 
washing may on further test by the 
Abrams-Harder method give the typical 
color reaction. However, physical tests 
made on such sands for tension, compres- 
sion, or flexure, provided the sands are 
properly graded, may show no reduction 
in strength ratio in the 7 or 28-day 
period. 

The colorimetric caustic soda method 
is an attempt to measure the amount of 
organic material in the sand, but it 
gives no indication as to the nature of 
the organic matter and _ its possible 
activity with cement. In some ir 
stances, pronounced dark colored solu- 
tions may be obtained in the colorimetric 
method, yet such sands show no reduc 
tions in strength tests. Such color. 
actions may be due to the solubility 0 
iron salts of complex organic acids it 
the caustic soda solution. Salts like iron 
tannate, ferric oxalate, ferric tartrate, 
etc., when dissolved in caustic sod 
solution give typical color reactions 
The question then resolves itself hor 
is the testing engineer in the laborator) 
to determine in a relatively short perio! 
of time the value of the fine aggregatt 
in so far as organic impurities are cor 
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cerned by a method other than the 
physical test. 

The loss in strength ratio of a fine 
aggregate that is well graded, structur- 
ally sound and one that has been 
properly washed to remove the required 
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The glass electrode consists of two units. 
The outer one is the unit that is sensitive 
to pH changes. The inner unit com- 
prises a mixture of quinhydrone and HCl 
solution, contained in the bulb and elec- 
trically connected to the potentiometer. 


Ic amount of silt and loam may be due to The calomel electrode is alsoconnected to 
the presence of organic material. In the potentiometer. Both electrodes dip 
view of the fact that these organic im- into the unknown solution. The quin- 
purities which react with the cement hydrone - HCI solution of course has a 

e oF paste are present in relatively small definite pH, and is thus a reference unit. 

sult amounts, it is practically impossible to The calomel reference electrode also has 

‘0M- determine these by the ordinary chemi- a definite pH, so that the pH-sensitive 

will cal methods. The organic acids present 

yess in soils are of a very weak character, in- 

ven, capable of measurement by ordinary 

com- extraction or titration methods. These 

after organic acids will react chemically with 

the the lime liberated during the hydration 

pical of the cements. To measure this chemi- 

tests cal reaction effectively, the hydrogen ion 

pres- apparatus is very well adapted for use 

5 are with washed fine aggregate. 

ction The apparatus used for the hydrogen 

3-day ion determination consists of the usual 

Leeds & Northrup potentiometer-gal- 

sthod vanometer electrical equipment. The 

nt of galvanometer has a sensitivity of 0.0005 

ut it microampere and damping resistance of 

re of 10,000 ohms. Its deflections are read by 

ssible a spot of light, which is thrown by a 

> in lamp and scale, and reflected back onto 

solu- the scale of the same instrument. The , 

netric use of hydrogen gas is eliminated by the Fic. 1. 

educ- use of a special type of glass electrode — ; 

or Ie dip cell containing quinhydrone. The glass bulb is immersed in the solution 

ity o usual calomel electrode is used as a between two reference electrodes. No 

ids in reference tube. When properly con- quinhydrone or other chemical is added 

e iron nected and standardized this apparatus tothe unknown. Changes in its pH are 

trate, covers a range on the scales from 0 simply detected by the glass bulb and 

soda to 12.0 pH and is sensitive to values measured with the potentiometer in the 

“tions. within! 0.03 pH. usual way. The electrodes commonly 

f how The glass electrode is the assembly require attention only at intervals of 

ratory terminating in a bulb as shown in the several weeks. _ 

perio! attached illustrated Fig. 1. It is a The new procedure for determining 
regatt measuring electrode, and is used with the the organic impurities in fine aggregates 

ordinary calomel reference electrode, or is appended.’ 


half-cell, as shown in the illustration. 
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Artificially impregnated standard 
Ottawa sand was first prepared by add- 
ing known quantities of tannic acid to 
measure the quantitative effect on the 
pH values, its relation to the physical 
characteristics on mortar strengths, and 
the color reactions obtained with 3 per 
cent caustic soda solution. In the 
colorimetric test, a scale of colors from 
1 to 10 was used instead of the usual 
A.S.T.M. 5 color scale. This wider 


TABLE I.—EFFECT OF TANNIC ACID ON 1:3 
OTTAWA SAND, 2-IN. MORTAR CUBES. 


| 


7-Day | 
Tannic H 
Acid, Ratio Color Ca(OH): | 
per cent igtn, = 12.35 
psi. 

2525 100 | 1 | 12.26 | 0.09 
0.01 2569 102 | 4 12.11 0.22 
| ee 2069 82 | 6 11.34 1.01 
1919 76 7 10.80 1.55 
| 1481 59 8 7.94 4.41 
0.20.......| Disintegrated 0|\ 9 7.16 | 5.19 
0.30 ...| Disintegrated 0 | 10 6.83 5.52 
0.40.......| Disintegrated 0 | 10+ 6.63 | 5.72 
Disintegrated 0 | 10+ 6.34 6.01 


| 
| 


TABLE II.—EFFECT OF IRON TANNATE ON 1:3 
OTTAWA SAND 2-IN. MORTAR CUBES. 


7-Day | 
| compres: | PH | 
nate sive Ratio | Color | Ca(OH): fom 

mg. Strength, | = 12 08 

psi. | 

ae 2699 100.0 1 | 11.99 | 0.09 
2690 100.0 2 11.86 | 0.13 
See 2700 100.0 3 11.89 | 0.10 
Bicdisee 2710 100.5 4 11.89 | 0.10 
Risaseik 2720 101.0 5 11.84 | 0.15 
2784 103.0 6 11.84 | 0.15 
2828 105.0 7 | 11.81 | 0.18 
swans 3046 113.0 8 11.76 | 0.23 
2950 | 109.0 9 | 11.73 | 0.35 
85.......| 2700 | 100.0 | 10 11.38 | 0.70 


A study was then made to determine 
the effect of an iron salt of tannic acid on 
Ottawa sand. Again the Ottawa sand 
was impregnated with known quantities 
of iron tannate and quantitative pH 
values determined. Tests for color of 
the sand and strength of mortars were 
also made. 

The results show that the colorimetric 
effect of iron tannate indicated within 
the range of colors has very little or no 

TABLE III.—-EFFECT OF HUMUS ON 1:3 
LONG ISLAND SAND MORTARS. 


Tensile Strength | 
| } } 


3 | pH 
| | Color Ca(OH): PH 
| | = 11.08 
161/319) 3 
“ae 338 | 100 | 407 | 100 | 1 | 11.03 | 0.05 
A 410 | 121 | 515 | 126 1 | 11.05 | 0.03 
297 | 88 | 377 | 92! 10 | 9.38 | 1.70 
D 277 | 82 | 343 | 84! 9 | 9.68 | 1.49 
E 338 | 100 | 447 | 109 | 9 | 10.57 | 0.43 


TABLE IV.—EFFECT OF ORGANIC IMPURITIES IN 
NATURAL SANDS. 


| 


| Compressive | pH 
Sample | Strength Ratios | Color | Ca(OH): tad 

= 12.30 

| 7-day | 28-day | 
RES | 133 | 146 1 | 12.0 | 0.30 
CRS } 112 | 143 2 11.95 0.35 
tee | 127 157 3 11.94 | 0.% 
136 164 4 11.94 0.36 
ees 114 | 165 5 11.91 | 0.39 
117 «141 6 11.84 0.46 
es 139 142 7 11.64 0.6 
Se 135 | 146 8 11.89 0.41 
108 136 9 11.75 0.55 
| 113 10 | 11.64 | 0.66 


range of colors has permitted us to dif- 
ferentiate more closely the color reac- 
tions than that given in the present 
A.S.T.M. method. 

The results of the tannic acid test on 
the Ottawa sand indicate that when 
there is a reduction in pH of 1.0 and 
over in alkalinity of the limewater solu- 
tion there is a corresponding increase in 
the intensity of the color reaction with 
caustic soda and a reduction in strength 


ratios. 


4 


effect on the pH values of the saturated 
solution of limewater or on the com- 
pressive strengths of the standard 
Ottawa sand mortars. 

A further study was then made on 
the effect of decomposed humus mate- 
rial present in topsoil on a natural quartz 
sand from Long Island. Three samples 
of the Long Island sand were im- 
pregnated with 4 per cent humus. In 
sample C the sand was soaked with 4 
per cent humus for a period of 7 days 
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TABLE V._RESULTS OF TESTS ON COMMERCIAL TABLE V.—Continued. 
NATURAL AND ARTIFICIAL FINE = 


EGATES. | Strength Ratios 


Strength Ratios | Compres- 
sion 


Tensi 
Compres- Sample | ws 
sion 


Tension 


| Fineness Modulus 
| Fineness Modulus 


00 Go Rae | 
ae 


~ 


w 


Ne 


wr 


Cw 


| 3. 
2. 
3. 
3. 
3. 
3. 
3: 
2: 
2 
| 3. 
3. 
3. 
2: 


sssss sees: 


180 | 195 | 112 


me 


Artificial sands. 


and then dried. Sample D was impreg- 
nated for a period of 24 hr., and in 
sample E the humus was washed out 
after soaking for 24 hr. Samples A and 
B represent the Standard Ottawa sand 
and untreated Long Island natural 
quartz sand, respectively. The Long 
Island sand had a fineness modulus of 
3.02. 

Again we note that the pH loss in 
alkalinity of the original limewater solu- 
tion due to the Ottawa or Long Island 
sand is practically negligible within the 
checking accuracy of the test. A loss 
in strength ratio of mortars due to or- 
ganic humus material indicated in 
samples C and D gave a corresponding 
increase in intensity of color reaction 
and a reduction in pH value of over one 


esess sesso 


&w 


| 


895 
| 
olor 
| 
H Sample > 
| 206 | 190 | 140 | 127) 4 | 0.22 
126 | 131 | 136 | 122| 1 | 0.25 
154 | 148 | 139 | 135) 2 | 0.20 
ic 178 | 184 | 146 | 135 | 2 | 0.25 
No. 3 | 167 | 170 | 125 | 4 | 0.43 
10 11 6 
No. ¢ 2 
No. 
No. 
No. as Re 
No. 
No. 133 | 121 | 138 Bear 
| No. 129 | 132 | 116 a 
{ No. 126 126 119 | 115 | 3 ? 
5 No. 123 | 161 | 133 | 126 
No. 135 | 122 | 125 | 122 
| 
No. 132 | 175 | 159 | 145 
No. 126 | 129 | 134 | 151 
5 No. 133 | 164 | 139 | 126 
03 No. 176 | 164 | 139 | 129 
10 No. 103 | 125 | 118 | 100 
‘0 N 21 124 
‘3 No. 148 | 144 | 118 | 131 N 57 | 140 
a No. 103 | 115 | 115 | 126 22 | 130 | 1 
| No. 85.......| 2.89 | 102 | 112 | 108 | 107 | 
NO. 49 | 
IN No. 122 | 134 | 167 | 190 No. 86...... | 2.92 | 147 | 128 | 128 | 121 | 
No. 87.......| 3.06 | 186 130 | 110 
- No. 26.... 3.38 | 127 | 159 | 159 | 136 No. 88 ..| 2.69 100 | 
No. 27......., 2.73 | 146 | 155 | 138 | 158 No. 89 3.78 85 
| No. 28......| 2.91 | 168 | 165 | 116 | 138 No. 90 3.21 119 
: No. 29.......| 3.05 | 149 | 150 | 137 | 165 
No. 31.......| 2.68 | 132 | 121 | 149 | 16 
0 No. 32 2.74 | 152 | 172 | 137 | 
5 No. 33.......| 2.57 | 109 | 113 | 108 | 111 
, No. 34.......| 2.56 | 156 | 142 | 131 | 146 
6 No. 35.......| 2.84 | 142 | 120 | 104 | 119 
9 
‘ No. 36.......| 2.65 | 108 | 115 | 122 | 133 
4 No. 37.......| 2.77 | 141 | 133 | 138 | 148 
1 No. 38.......| 3.51 | 148 | 129 | 141 | 149 
No. 39.......| 2.74 | 119 | 131 | 104 | 118 
” No. 40.......| 3.07 | 106 | 128} 82] 65 
| | 134 | 89 | 
No. 42.......| 2.78 | 101 |.....] 90]. 
ed No. 43.......| 2.77 | 116 | 120 | 105 | 123 
No. 44.......| 3.02 | 128 | 139 | 105 | 141 
m- No. 45 ..| 3.06 | 122 | 118 | 114 | 124 : 
rd No. 46.......| 3.06 | 110 | 121 | 110 | 110 
No. 47.......| 2.56 | 111 | 127 | 103 | 140 
No. 48.......| 2.96 | 124 | 126 | 155 | 132 
No. 49.......) 2.99 | 143 | 138 | 120 | 134 
on No. 50... 137 | 145 | 145 | 145 
te- No. $1 154 | 143 164 | 151 
rts No, as 148 | 169 | 128 | 150 
a 53... 135 | 134 | 142 | 151 
les No. je 147 | 152 | 152 | 151 
“ No. 55... 134 | 146 | 114 | 135 
| No. 56 0.1 
No. 58... 
14 No. 59 
No. 4 
ays 0.4 
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full unit. However, sample E, which 
had the impregnated humus material 
washed out, failed to show a reduction 
in the colometric test, but the loss in pH 
did check the strength ratios obtained, 
because the pH reduction was only 0.43 
or less than one full unit. The probable 
reason for a high color in sample E is 
due to the presence of small pieces of 
twigs which will react with the caustic 
soda solution. 

A series of tests were then undertaken 
on natural washed sands found in dif- 
ferent sections throughout New York 
State which showed a similar range of 
colors in the colometric tests with that 
obtained in the iron tannate series. 
The ten samples were regraded so that 
all had the same fineness modulus of 
2.91. These sands were then tested 
for color by the Abrams-Harder method, 
pH values recorded with the new 
method, and compressive strength ratios 
determined on 2-in. cubes with a 1:3 
mix for 7 and 28-day periods. 

In Table IV again we note that al- 
though these natural sands showed color 
ranging from 1 to 10 the compressive 
strength ratios for 7 and 28-day periods 
showed no strength reduction, and 
similarly the pH loss in all showed values 
less than one full unit. 

Table V is a tabulation of results of 
tests over a period of four years on 
commercial natural and artificial fine 
aggregates submitted for cement con- 
crete construction work. The fineness 
modulus, compressive strength and ten- 
sile strength ratios, organic color test, 
and pH values are indicated. It will 
be noted there is practically no relation- 
ship between the Abrams-Harder or- 
ganic test and the new laboratory test 
method. Samples numbered 40, 41, 
42 and 89, which failed in the strength 
ratio tests and indicated unsatisfactory 
color tests, exceeded 1.0 pH loss in 
accordance with the proposed new test 


procedure for organic material in sands. 
Samples Nos. 14 and 87 with unsatis. 
factory color tests showed low pH losses 
and satisfactory strength tests. On the 
basis of organic tests reported in Tables 
I, 11, III, and IV this would indicate 
that the organic material in samples 
Nos. 14 and 87 is not reactive with ce- 
ment, while the organic material present 
in samples 40, 41, 42 and 89 would cause 
trouble in the concrete. 

The author feels that the proposed 
new laboratory test method for deter- 
mining the organic matter in fine ag- 
gregates gives the testing engineer a 
more accurate measurement of the effect 
of such impurities likely to be present 
in sands than the Abrams-Harder color 
test. 

In an investigation of some Oregon 
sands reported by C. E. Thomas and 
S. H. Graf of the Oregon State College 
Engineering Experiment Station, in Bul- 
letin No. 8, September 1937, the authors 
recommend the use of the pH method for 
determining the organic material in 
sands in preference to the color test. 


CONCLUSIONS 


1. There is a definite relationship 
between the new laboratory test method 
results and the strength ratio tests, 
provided the sand is properly graded 
and washed in accordance with the pro- 
posed method. Sands passing the 
strength ratio tests and showing a pH 
loss of less than 1.0 are indicative of 
containing non-injurious organic mate- 
rial. When the pH loss is in excess of 
1.0 the detrimental effect of organic im- 
purities manifests itself with unsatis 
factory strength ratio tests. 

2. The gradation or fineness modulus 
of the sand within the limits of our 
specification requirements does not af- 
fect the results in the pH test, provided 
the fine aggregate is properly washed. 

3. Test results in the new pH method 
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are not affected by the color of the 
alkaline solution of limewater. 

4, There is no relation between the 
Abrams-Harder color test and the new 
pH test. 

The advantages claimed in favor of 
the new test method are as follows: 

1. Within a period of 15 min. the 
laboratory technician can obtain reliable 
tests indicating the effect of organic 
impurities in fine aggregates by means 
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of the hydrogen ion apparatus (deter- 
mined as change in pH of standard lime 
solution). 

2. The personal factor is eliminated, 
and accuracy is assured. The hydrogen 
ion apparatus is very sensitive to any 
chemical change within a working range 
of 0.03 pH. 

3. The apparatus is usually found in 
any up-to-date chemical control labora- 
tory. 
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APPENDIX 


PROPOSED METHOD OF TEST FOR 


ORGANIC IMPURITIES IN LABORATORY WASHED SAND 
BY pH VALUE 


1. Scope.—This method covers a quanti- 
tative test for organic impurities in labora- 
tory washed sand as determined by the loss in 
pH value of a solution of known pH due 
to the activity of the organic matter pres- 
ent. The methed is only adaptable to 
sands from which silt and clay have been 
removed by washing. Its indications are 
inaccurate when silt and clay are present. 

2. Special Solution Required: Calcium 
Hydroxide Solution.—Prepare a fresh, satu- 
rated solution of lime water by adding c.p. 
lime (CaO) to freshly distilled water. Al 
low the lime to settle for a few minutes, 
decant a sufficient amount of the clear su- 
pernatant Ca(OH), solution into a 2-liter 
flask, and adjust to a pH value between 
11.0 and 11.5 by the addition of distilled 
water. 

3. Preparation of Sample._-Place a rep- 
resentative sample of sand weighing about 
500 g. in a full-height, No. 100 (149-micron) 
sieve 8 in. in diameter. Wash the sample 
throughly under the full pressure of tap 
water, rotating the sieve by hand until the 


washings are perfectly clear and free from 
any suspended matter. Dry the sample to 
constant weight at 105 to 110C. 

4. Procedure.—Weigh a 200-g. portion 
of the thoroughly washed and dried sample 
into a 250-ml. beaker (Note), and add 150 
ml. of the standardized Ca(OH), solution. 
Immediately stir the mixture thoroughly, 
and allow to stand for 10 min. Again stir 
the mixture thoroughly and allow to stand 
for another 5 min. At the end of this 15. 
min. period, very carefully immerse the two 
electrodes of the hydrogen ion apparatus 
in the sample solution, and record the pH 
value. Simultaneously take an exact pH 
reading on a 200-ml. portion of the Ca(OH); 
solution to which no sand has been added. 
The difference between this reading and the 
reading obtained on the solution containing 
the sample, represents the loss in pH value 
due to activity of organic matter present 
in the sand. 


Nore.— Keep the beakers containing the solu- 
tions covered with watch glasses throughout 
the test. 
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DISCUSSION 


Mr. Meyer believe 
that a method of test whereby there is 
additional washing of the sample in the 
laboratory after the washed sample is 
presented, presents a danger that in 
this later washing some material in the 
sample will be washed out which might 
affect the pH value and would then not 
give a clear indication of the soundness 
of the sample presented. Mr. Paul 
claims that unless this sample is washed 
again, you do not get a true indication 
of what the soundness is, because the 
pH test fails. Now, there is something 
wrong with the test when it is neces- 
sary to make it in a manner other than 
that in which the sand will be used, 
and I think this should be taken into 
consideration for a modification of the 
test, whereby any part of the sand that 
is presented for use in concrete will not 
be taken out of the sample to be tested. 


' Concrete Engineer, D. L. & W. R. R., Hoboken, N. J. 


Mr. IRA Pavut’ (author’s closure by 
letter).—If the fine aggregate is properly 
prepared by the producer, as called for 
in the N. Y. State Department of Pub- 
lic Works’ specification, which states 
“All natural sands shall be thoroughly 
washed before using,” no additional 
washing is necessary in the laboratory 
prior to making the pH test. If sands 
have to be treated in the laboratory it 
is clear evidence that they were improp- 
erly prepared at the washing plant. 
This is particularly noticeable in fine 
aggregates containing an excess of fines 
in the form of shale or clay. 

Water-soluble organic material can be 
eliminated by proper treatment at the 
washing plant. After such treatment 
the pH test can then detect the effect 
of other organic impurities to a more 
reliable degree than the Standard 
Method of Test for Organic Impurities 
in Sands for Concrete (C 40 — 33).’ 


2 Associate Laboratory Engineer, New York State 
Department of Public Works, Albany, N. Y. 
#1939 Book of A.S.T.M. Standards, Part II, p. 295. 
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A FLOW METHOD FOR THE DETERMINATION OF THE EFFECTS Of 


SOLUBLE CHEMICALS ON CONCRETE! 


MILLeR,? CHARLES F. RocGers,? AND PHILIP W. Manson‘ 


By Datron G. 


SYNOPSIS 


The conclusions of this paper are based on results obtained by allowing 
weak solutions of acetic and lactic acids to flow across flat slabs of concrete 
and mortar set nearly vertical (17 deg. departure). In most cases, paraffin 
dykes restricted the flow of acid to an area 14 in. wide and 14 in. long. In 
other cases, laboratory-made bars 24 by 3 by 15 in. were cast with slightly 
depressed 1}-in. lengthwise channels. The hydrostatic head on glass capil- 
lary tubes was adjusted to deliver to each channel 2 liters of acid every 24 hr. 
Each channel was brushed with a flat steel brush about the size and shape 
of a 1-in. paint brush, and the loosened material was caught in filter-paper 
lined funnels, oven-dried, and weighed. 

Concrete with a modulus of rupture from 800 psi. upward displayed re- 
sistance to corrosion of weak acids three times that of concrete with a 
modulus of rupture of 500 psi. under the conditions of exposure used in 
these tests. 

Mortar made of the least resistant of nine standard portland cements 
yielded a quantity of loosened material 1.6 times that released by mortar 


The test method as illustrated in Figs. 
1 and 2 and described in this paper was 
devised primarily to facilitate laboratory 
studies of the durability of portland- 
cement mortars and concretes exposed 
in farm silos to the corrosive action of 
silage. Because acetic and lactic are 
the common acids of corn silage, these 
acids were used to approximate the 
action of corn silage. It is believed 
that the general features of the test 


! University of Minnesota Paper No. 1713, Scientific 
Journal Series. 

*Senior Drainage Engineer, Bureau of Agricultural 
Engineering, U.S. Department of Agriculture, University 
of Minnesota, University Farm, St. Paul, Minn. 

_ * Assistant Biochemist, Division of Biochemistry, Ag- 
ricultural Experiment Station, University of Minnesota, 
St. Paul, Minn. 

‘Instructor, Division of Agricultural Engineering, 
Agricultural Experiment Station, University of Minneso 
and Assistant Engineer, Minnesota State Department o 
Conservation, St. Paul, Minn, 


made of the most resistant of these nine cements. 
Within the range of characteristics of the specimens used in the tests, the 
acid consumption was surprisingly uniform for all specimens. 


may be satisfactorily adapted for de- 
termining the resistance of concretes 
of various types to corrosive action of 


many soluble chemicals. 
Procedure: 


Concrete silo staves made of measured 
ingredients at two commercial plants 
and laboratory-made test bars were 
used. The specimens were set nearly 
vertical (17 deg. departure). Paraffin 
dykes were built lengthwise on half 
staves to confine the acid flow to an area 
13 in. wide and 14 in. long. The bars, 
which were 3 in. wide and 15 in. long, 
were cast with recessed panels, and the 
acid flow was likewise confined to an 
area 1} in. wide and 14 in. long. Spec: 
mens of both types were 2} in. thick. 
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A 1:3 mix of standard Ottawa sand 
mortar was used for the bars but with 
only 75 per cent of the quantity of water 
required for normal consistency, in order 
to have a consistency about that com- 
monly used in the manufacture of dry- 
tamped staves. These bars had an 
average modulus of rupture of 450 
psi., tested on a 12-in. span with load 
applied at the mid-point. The aggre- 
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capillary tubes calibrated to deliver 2 
liters of solution each 24 hr. A con- 
venient head for the setup was about 13 
in., and by experiment it was found that 
1-in. lengths of capillary tubing with an 
opening of 0.009 in. closely delivered 
the desired quantity. Only minor ad- 
justments of head were necessary to 
maintain a dropping rate of 10 per 37 
sec. aS was required to deliver 2-liter 


4 . 
} 


Fic. 1.—Apparatus for the Determination of the Effects of Soluble Chemicals on Concrete. 


gate grading used in the manufacture of 
high-quality dry-tamped silo-staves is 
about 75 per cent well-graded sand 
passing the No. 4 sieve and 25 per cent 
buckshot gravel retained on the No. 4 
sieve. This was the aggregate grading 
used in the staves of these tests. 

The solutions were applied to the 
specimens at the upper ends of the 
channels by a drip method using glass 


~ 


flow in 24 hr. Adjustments of head 
within the necessary limits were made 
by either raising or lowering the tip or 
the glass standpipe (see Figs. 1 and 2). 

The solution used in the tests was a 
0.093 N mixture of acetic and lactic 
acids consisting of 291 ml. of com- 
mercial acetic acid (56 per cent) and 
240 ml. of clear U.S.P. lactic acid 
(“85 per cent,” which actually was 73 


q 
& 
ired 
ants 
vere 
arly 
affin 
half 
area 
ars, 
ong, 
| the 
an 
peci- 


902 


per cent) to 54 liters of distilled water. 
The acidity of this mixture was pH 
2.5 at room temperature. Used singly, 
the above quantities would be doubled 
for each acid and the acidity of the 
solutions would be at pH 2.9 and pH 2.3 
for acetic and lactic, respectively. 

In order to suppress fungus growth and 
prevent clogging of the capillaries, 1 g. 
of mercuric chloride (HgCl.) was added 
to each 20 liters of the lactic acid solu- 
tions. Growth was slow in the clear 
lactic acid, and the addition of mercuric 
chloride was not necessary except for 


 Copillary Tube 


Fic. 2.—Side Elevation Showing the Essen- 
- of a Single Unit for Controlling the Rate 
of Flow. 


7 


the longer runs. Any growth in the 
acetic acid was negligible. 

Every 24 hr. each channel was cleaned 
of loosened material by brushing 78 
down strokes with a 1-in. flat brush of 
steel wire, the loosened material being 
caught in filter-paper-lined 6-in. fun- 
nels, oven-dried, and weighed. When 
brushing a channel, a small stream of 
water was applied to the top of it to 
wash the loosened material into the 
catching funnel. Brushing any channel 
more than 78 strokes did not appreciably 
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increase the quantity of loosened mate. 
rial, and for all practical purposes 30 
brush strokes would have been as satis. 
factory. In fact, well-made staves re. 
leased little material after 15 strokes 
of the brush. 

The apparatus devised for this test 
is relatively simple and the routine js 
not particularly exacting. It is believed 


400 : 

R- 590 psi. 
oR- 715 psi. 
eR- 840 psi. 


0-20 
Exposure 


0-10 0-30 0-40 


Period , days 


0-50 


Fic. 3.—Material Lost from Three Concrete 
Staves of Different Strengths. 


Ratios of Losses 


© R- 840 psi. 
10-20 20-30 30-40 40-50 
Exposure Period , days 


Fic. 4.—Ratios of Losses of Material from 
the Three Staves of Fig. 3. 


the data of Tables I and II show 4 
highly satisfactory uniformity of test 
results as indicated by the quantity of 
material loosened by each _ brushing. 

The off-flow of solution from each 
channel was weighed every 24 br. 
Because the specimens were kept 
glass-covered metal pans at all times 
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during the tests except when being 
brushed, evaporation losses were small. 
Only a few lean-mixed staves permitted 
the solutions to pass through them, so 
the quantity of off-flow from the channel 
in general closely checked with the on- 
flow. About 10 per cent of the applied 
solution passed through the most per- 
meable stave, while some solution passed 
through other low-grade staves. Pro- 
visions were made for collecting this in 
separate containers. Many pH deter- 
minations were made of the off-flow 
from all channels and of samples of the 
solutions collected at the quarter and 
mid-points of the specimens and of that 
which passed through the more per- 
meable staves. 


Results of Some of the Tests: 


The graphs of Figs. 3 and 4 are plotted 
from data obtained by flowing for fifty 
days 0.093 N solutions of a mixture of 
acetic and lactic acids across the faces 
of halves of three 2} by 10 by 30- 
in. concrete silo staves. The flexural 
strengths at 28 days of these staves were 
102, 124, and 146 lb. per inch of width 
(24-in. span and load applied at mid- 
point) and the moduli of rupture were 
590, 715, and 840 psi., respectively. 
The three staves, which were made at 
the same plant, differed only in the 
richness of the mix, with a slightly 
higher water-cement ratio for the 
lean mix in order to maintain the 
required consistency. The water-cement 
ratio for dry-tamped staves of the richer 
mixes is ordinarily about 3} gal. per 
sack of cement. The stave with a 
modulus of rupture of 590 psi. was 
from a lot made 12 staves per sack of 
cement while the staves with moduli of 
rupture of 715 and 840 psi. were from 
lots made 9 and 7 staves, respectively, 
per sack of cement. The accumulated 
.. losses of material at 10-day intervals are 
shown in Fig. 3 while loss ratios for 


each 10-day period are shown for the 
three staves in Fig. 4. 

The graphs of Fig. 5 show the relative 
resistance to a 0.093 N mixture of acetic 
and lactic acids of 26 silo staves as 
indicated by the quantity of material 
loosened after 30 daily brushings, 
Eleven staves were made at plant A, 
thirteen at plant B, and two at plant C. 
The plant A and plant B curves are 
similar. The losses were greater for 
the staves from plants B and C than 
for those from plant A when considered 
on a strength basis. The behavior of 
the staves from plant C is readily ex- 


o—e PlantA 
o----0 PlantB 
4 PlantCc 
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800 1000 1200 
Modulus of Rupture, psi. 


Grams Lost After 30 Days 


Fic. 5.—Material Lost from 26 Concrete 
Staves of Widely Different Strengths. 


_ Note that losses of material did not increase for mod- 
uli of rupture above 850 psi. 


plained because the aggregate used at 
that plant carried 33 per cent shale 
while that used at the other two plants 
carried less than 4 per cent. The 
differences in losses displayed by the 
staves from plants A and B are not % 
readily explained and are not considered 
in this paper which deals with a test 
method rather than with test results. 
It is obvious that the lower ends of the 
graphs of Fig. 5 are constructed from 
meager data because few points were 
available for staves with a modulus 0 
rupture in excess of 850 psi. It 
evident, however, that the break in the 
direction of the curves must come some- 
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the where below a modulus of rupture of min., following oven-drying at 240F., 
1000 psi.; therefore these graphs as progressively decreased as the flexural 
tive drawn cannot be much in error. strengths increased to 140 lb. per inch 
etic 
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“7 Fic, 6.—Experimental Curves Showing Relation Between the Consumption of Acid as Used in the 
7 Tests and Potentiometer Readings. 
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test Fic. 7.—Effect of Brushing on Acid Consumption. 
ults. Each point is the average for four staves. 
the 
from It has been found® that the regain of of width, while the gain was about con- 
were water by dry tamped concrete silo stant between 1 and 2 per cent for staves 
1s of staves of this type after soaking for 10 testing stronger than 140 lb. This flex- 
it is ural strength represents a modulus of 
) the Dur palten &. Miller, “Factors Which Influence the rupture of about 800 psi. and appar- 
ome- crete Inst, March-April, 1998 A™- ently marks a critical change in density 
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of the staves. It so happens that in the 
plant processes ordinarily used in making 
concrete silo staves it is difficult to 
manufacture staves with a modulus of 
rupture of 800 psi. except by the use of 
rich mixes with a cement-void ratio 
approaching 1.00. In the tests as con- 
ducted, when this ratio decreased, the 
resistance of the staves to the acids 
became less. Tests have been made 
on only a few staves with a cement- 
void ratio in excess of 1.00, but such as 
have been made do not indicate greatly 
increased resistance to acid corrosions. 
Keeping in mind that some loss must 
always follow exposure of concrete to 
acid under the routine of the test herein 
described, a study of Fig. 5 will show 
that the possibilities of greatly reducing 
the losses from the more resistant type 
of specimen used appear to be extremely 
remote unless by some means the density 
of the product can be appreciably in- 
creased or unless the cement itself can 
be made more resistant. 


Acid Consumption: 


The degree of acidity was determined 
for many samples of the solutions 
flowing over the surfaces of the speci- 
mens in order to study the possible 
correlation of the quantity of acid 
consumed with known characteristics 
of the concrete or mortar. To facilitate 
this phase of the studies, the experi- 
mental curves of Fig. 6 were constructed. 
As only four drops of a solution were 
required for a potentiometer reading, 
the whole operation of collecting a 
sample, reading, and recording the 
resistance was a matter of only a few 
minutes. Figure 7 shows the average 
percentage of acid consumed at various 
time intervals as determined for off- 
flow samples of a 0.093 N solution of 
acetic and lactic acids from eight silo 
staves. Each point is the average of 4 
staves from one of two plants. The 


moduli of rupture of the staves ranged 
between 530 and 840 psi. for flexura| 
strengths between 92 and 146 ]p 
The acid consumption dropped rapidly 
from 70 per cent for the first 15 min. 
to about 25 per cent at 5 hr., and 
thereafter the change of rate was slow. 

Reduction in rate of use was probably 
the result of accumulation of inert resi. 
due from the chemical action of these 
acids on the constituents of the cements, 
This layer was removed when the 
channel was brushed, and the rate of 
chemical action increased for a time, 
The amount of acid consumed during the 
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Fic. 8.—Relation Between Acid Consumption 
and the Strength of Concrete Staves. 


It is not apparent that there is any correlation unless 
it is indicated for the weaker concrete. 


first 12-hr. period was slightly in excess 
of 60 per cent of the total for 24 hr, 
indicating that brushing twice daily 
instead of once would increase the quan- 
tity of loosened material something like 
20 per cent. Brushing at hourly inter- 
vals might increase the loosened mate- 
rial as much as 100 per cent per day. 

From a study of Fig. 8, it appears 
that consumption of acid has no par- 
ticular relation to the quality of the con- 
crete unless greater acid consumption is 
indicated in extremely low-grade con- 
crete. As this test was applied, it would 
seem that the constituents of the cement 
available for the acid requirements wert 
about equal in all the specimens, al: 
though a greater quantity of aggregate 
was loosened by deeper penetration of 
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acid into the more permeable lean- 
mixed staves than was loosened in the 
rich-mixed and dense staves as shown 
in Figs. 3, 4, and 5. . 
The weaker specimens yielded about 
three times as much material as did the 
stronger ones. Stating it in another 
way, the depth of corrosion in the 
weaker specimens was about three times 
that of the stronger ones. A practical 
inference of this fact is that the low- 
quality specimens could not last more 
than one-third as long as those of high 


quality under conditions of exposure 


represented by these tests. 


Resistance of Cements to Acid: 


Nine standard portland cements and 
two high-early-strength cements were 
subjected to the flow test for resistance 
to a 0.093 N solution of acetic and 
lactic acids by use of the specially made 
2} by 3 by 15-in. bars. The order of 
listing of the cements in Table II is the 
same as the loss ratios after exposure 
for twenty days, taking as unity the 
quantity lost from the most resistant of 
the eleven specimens. The greatest 
difference in resistance of the nine stand- 
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ard portland cements was as 1.0 is to 
1.6. This difference is small compared 
to that of 1 to 10 which has been found 
in connection with specimens exposed to 
solutions of sodium and magnesium 
sulfate,® but is still large enough to be 
significant. 

Chemical analyses of these cements 
are not included in this paper because 
it is felt that no useful purpose would be 
served by any conclusions based on these 
limited tests. It may be of interest, 
however, to mention that the standard 
portland cements that made the best 
showing of resistance to acids generally 
were ones which have been found to be 
resistant to sulfates. The two high- 
early-strength cements included in the 
group gave results almost identical with 
those of their companion standard 
portlands. In Table II the standard 
portlands are numbered 735 and 737, 
while the companion high-early-strength 
cements are numbered 736 and 738, 
respectively. 


6 Dalton G. Miller and Philip W. Manson, “Laboratory 
and Field Tests of Concrete Exposed to the Action of 
Sulphate Waters,”’ Technical Bulletin No. 358, U.S. De- 
partment of Agriculture, p. 44. 
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Josnua L. test 
described in the paper is very interesting 
for several reasons. It is similar to a 
test method used for several years by 
Rengade of the LaFarge Cement Co. 
However, I believe that the authors’ 
procedure is an improvement. Whereas 
Rengade’s results were largely qualita- 
tive, the author’s method permits quan- 
titative measurements. Another in- 
teresting feature of the test is that it can 
be used for testing field-made as well as 
laboratory-made specimens. Also it can 
be used with natural solutions as well as 
synthetic laboratory solutions. 

The authors’ results emphasize the 
value of density. We all will agree with 
them that density is a fundamental re- 
quirement in the durability of any 
concrete. 

In connection with the use of solutions, 
I want to warn against the all too com- 
mon practice of using laboratory solu- 
tions in an attempt to predict what will 
happen in the field. Laboratory solu- 
tions are never the same as those en- 
countered in the field. The chemical 
reactions that take place with the 
natural solutions differed from those 
that take place when straight acids or 
synthetic jaboratory solutions are em- 
ployed. 

Mr. J. T. MacKenzie.2—Regarding 
a point of testing procedure, I would 
like to ask whether the authors deter- 
mined how much the brush would take 
off of those different concretes without 
Atlas Lumnite Cement Co., New York 

2?Chief Chemist, American Cast Iron Pipe Co., 


Birmingham, Ala. 


DISCUSSION 


the acid, or, as a further check, using 
plain water. It seems to me you would 
get some loss that way. 

Mr. Darton G. MILLER.*—We did 
run distilled water over a few specimens 
and the amount of material released 
within a period of satisfactory test, say 
20 days, was insignificant. In either 
of the tables there was scarcely any day 
but what there was released in the 
neighborhood of 2 g. of material, or 
considerably more, depending on the 
type of the specimen. Running dis- 
tilled water over a low quality stave of 
high permeability rarely ever released 
even as much as 0.1 g., an amount so 
insignificant that we dismissed it from 
consideration. 

Mr. J. C. Witt.*—I should like to ask 
whether the dissolved material was de- 
termined. 

Mr. Mititer.—The amount of acid 
consumed by any given channel, regard- 
less of the type of specimen, was about 
constant. Now that rather surprised 
us because, in advance, you might as- 
sume that the constituents of the 
cement would consume the most acid on 
those specimens from which the most 
material was released. The fact that 
the difference in the acid consumption of 
these channels was surprisingly constant 
indicates that, for the more permeable 
specimens which, as it happened in these 
tests, were the leaner mixed ones, the 
acid had to go to a greater depth in order 
to satisfy its requirements during the 


Senior Drainage Engineer, Bureau of Agricultural 
Engineering, U. S. Department of Agriculture, University 
of Minnesota, University Farm, St. Paul, Minn. : 

‘Technical Service Manager, Marquette Cemet! 
Manufacturing Co., Chicago, Ill. 
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DISCUSSION ON EFFECTS OF SOLUBLE CHEMICALS ON CONCRETE 


short time in contact, and this was about 
to the same degree for any cement or any 
specimen tested. This is about the only 
attempt we have made regarding the 
constituents removed by the acid flow. 
Does this answer your question? 

Mr. Witt.—Yes, that answers my 
question, thank you. The material 
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results of his tests are in agreement 
with those of the authors in that they 
indicate that stronger concretes are 
more resistant to acid, and that re- 
sistance to acid is affected by the cement. 
As for freezing-and-thawing tests, the 
chief problem in acid tests will lie in 
the interpretation of the data in terms 
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Fic. 1.—Results of Tests on 2-in. Cubes. 


dissolved should have a more or less 
definite relation to the insoluble mate- 
rial, but the analysis of the former would 
be of interest. 

Mr. C. A. Hucues® (by letter).—For 
the past 2 yr. the writer has been 
making acid tests of mortars for purposes 
similar to those motivating the authors, 
but has used a different procedure. The 


> * Associate Professor of Structural Engineering, Uni- 
ttsity of Minnesota, Minneapolis, Minn. 


of years of service or in terms of relative 
life under service conditions. 

In the writer’s tests, mortar cubes, 
either cast or cut from silo staves, are 
used as specimens. These are sub- 
merged in the acid solution for one day 
and stored in air for one day, and this 
cycle is repeated until the conclusion 
of the test. The acid solution is similar 
to that used by the authors except that 
the nominal normality is 0.16 instead of 
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(0.093. When submerged, the specimens 
are supported on a copper wire rack so 
placed that the tops of the specimens are 
about 1} in. below the surface of 12 liters 
of solution contained in 5-gal. crocks. 
Once a week the specimens are blown off 
with a standardized air stream and 
weighed. At the same time, the acid 
solution is replaced. The use of an air 
stream has been found in these tests, 
as in freezing-and-thawing tests, to be a 
very satisfactory method for removing 
loosened material and for surface drying. 

When submerged in acid solutions, 
mortar specimens change in volume but 
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The accompanying Figs. 1 and 2 sho 

a few data obtained from a series of tests 
on 2-in. cubes made by T. R. Klingel, 

graduate student working under the 
writer’s direction. Each point on both 
figures represents the average for two 
specimens. Cement A was a standard 
portland cement and cement B a high- 
early-strength portland cement made 
by the same company. Cement C wasa 
low-heat cement selected for these tests 
because it was high in iron. Half the 
specimens were made with a ratio of the 
volume of paste (cement plus water 
to the volume of voids in the aggregat 
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Compressive Strength after Initial Curing , psi. 


2. 


not in shape. Except for projecting ag- 
gregate particles, the corners of cubes are 
closely as square and the faces closely as 
plane at the end of the test as at the 
start. This behavior of acid specimens 
permits the use of the depth of scaling as 
a measure of the effect of the acid. The 
criterion of resistance to acid action is, 
then, the number of days treatment 
required to cause a given depth of 
scaling. 

The depth of scaling is a particularly 
useful criterion in that it is usually 
used in field surveys. The }-in. depth 
of scaling used by the writer as an end 
point corresponds to 33 per cent loss in 
weight for a 2-in. cube. 


Results of Tests on 2-in. Cubes. 


of 1.6 and half with this ratio 0.6. Those 
with a ratio of 1.6 were plastic and were 
cast in molds in the usual manner. 
Those with a ratio of 0.6 were nonplasti 
and were dry-tamped in a small stripper 
machine designed for this purpose 
With two water-cement ratios, there 
were four mixes for each cement. Four 
initial curings, as indicated on Fig. |, 
were used, after which the specimens 
were subjected to acid treatment until 
the depth of scaling was slightly i 
excess of } in. They were then washed 
with water, capped, and tested in 
compression. Companion specimens 
stored in the moist room during the 
period of the acid tests were tested at the 
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same time. Data for the compression 
tests are given in the accompanying 
Table I. 

Figure 1 clearly indicates that, when 
compared on a basis of similar propor- 
tions, some variation in acid resistance 
results from the useé of different cements, 
and that the degree of variation is 
affected by the initial curing. Using 
the averages for the four mixes, the ratios 
of the resistance to acid action for 
cements A, B and C are 1.0, 0.94, and 
1.0 for 7 days initial moist curing, and 
1.0, 1.15, and 1.17 for 28 days initial 
moist curing. Excepting the extreme 
cements, Nos. 740, 729, and 727 from 
TABLE I.-RATIOS OF COMPRESSIVE STRENGTHS 
OF CUBES AFTER ACID TREATMENT TO THE 
COMPRESSIVE STRENGTHS OF CUBES OF THE 
SAME AGE, BUT MOIST-CURED FOLLOWING 
INITIAL CURING. 


Initia! Curing 


Water- 1 day 
Cement | Paste- Moist, 
Cement Ratio, | Voids Moict 2 days 
gal. per Ratio 7 days 28 days 21 days i 
sack Moist Moist 2995) 
| . 4 days 
Air in 
Air 
{ 4% 0.6 1.07 | 0.80 | 0.91 | 0.98 
4 444 1.6 0.42 0.46 0.49 0.47 
ae 0.6 0.74 | 0.89 | 0.93 | 1.10 
x 1.6 0.49 0.43 | 0.52 | 0.78 


Table II of the authors’ paper, the ratios 
of the weights removed by brushing are 
1.0, 1.04, 1.05, 1.08, 1.06, 1.10, and 
1.185. The greatest difference caused 
by the cement in the writer’s tests was 
for the plastic mixes made with 43 
gal. per sack, and cured initially 7 days 
moist and 21 days in air. For this set 
the ratios for cements A, B, and C are 
1.0, 1.19 and 1.67, respectively. 

In Fig. 2, the number of days acid 
treatment for {-in. depth of scaling are 
plotted against the compressive 
strengths at the beginning of acid treat- 
ment. As in the authors’ tests, the 
stronger specimens are the more re- 
sistant. While the data are few and 


somewhat scattered, they appear to 
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indicate the trends shown by the dashed 
lines for cement C and B. 

In another series of tests, the data on 
specimens cut from 71 staves involving 
a large number of variables in propor- 
tions, materials, and plant show an ex- 
treme range in resistance of from 36 to 
63 days acid treatment, a ratio of 1 to 
1.75 for specimens Nos. 24 and 30, 
respectively. The moduli of rupture for 
the staves from which these specimens 
were cut were 476 and 1050 psi., respec- 
tively. These strengths correspond 
roughly to those for specimens having 
flexural strengths of 213 and 92 in Table 
I of the paper, for which the loss ratios 
are 1 to 3.13 at 20 days. Hence, while 
the two methods of test agree qualita- 
tively, there is considerable quantitative 
difference, which will become important 
only if these ratios are interpreted as 
indicating relative life in service. 

The quantitative difference in the two 
methods is believed to be due chiefly to 
difference in the penetration of the acid 
solution. It is stated by the authors 
that about 10 per cent of the solution 
passed through the most permeable 
stave. Presumably this fraction of the 
solution would be completely neutral- 
ized, whereas the run-off acid is shown 
by Fig. 7 of the paper to be less than 25 
per cent neutralized after the first 5 hr. 
With 10 per cent of the solution com- 
pletely neutralized, and 90 per cent one- 
quarter neutralized, the acid consumed 
is 32.5 per cent. This is an increase of 
30 per cent. The progressive loosening 
of aggregate particles, due to the perco- 
lating solution, would account for the 
increasing ratio of loss with time of 
exposure shown by Fig. 4 of the paper 
for the specimen having R = 590 psi. 
Permeability tests made by the writer 
indicate the probability that the 590-psi. 
specimen would be permeable under low 
heads, whereas there would be no out- 
flow from the 715 and 840-psi. specimens. 
The acid action for the latter specimens 
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would occur on the surface only, and 
therefore the ratios of loss should be 
constant throughout the test. Since the 
permeability of specimen No. 24 of the 
writer’s tests was 45 cu. ft. per hr. per 
sq. ft. at 15 min. under a 15-ft. head of 
water, and specimen No. 30 had zero 
outflow under the same conditions, there 
is little doubt that the ratio of 1.75 
would have been increased using the 
authors’ method. The above argument 
suggests that a change in slope of the 
specimens when under test would modify 
the authors’ ratios for permeable staves. 

The protection afforded the underlying 
concrete by the corroded surface layer, 
shown very nicely by Fig. 7 and dis- 
cussed by the authors, has also been 
noted by the writer. Cubes blown off 
every three weeks showed a depth of 
scaling 81 per cent of that of cubes 
blown off every week. 

The data of Table I were contrary to 
the expectations of the writer. Though 
difficult to explain, they do indicate that 
the strength of the residual concrete is an 
additional factor that should be con- 
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sidered when attempting to evaluate 
acid resistance. 

Mr. MILLER.—It has been a pleasure 
to review the discussion by Mr. Hughes 
and to note that in general there appears 
to be reasonable correlation between 
results obtained by the two test methods 
in so far as the bases for comparison are 
at all common. 

Mr. Hughes comments on the dis- 
crepancy of results indicated by his 
Fig. 1 and the test data of Table I of the 
paper. Referring to his Fig. 2, it is 
noted that the compressive strengths 
of the non-plastic mixes used in these 
tests are extremely low, ranging between 
500 and 2000 psi., whereas the strengths 
of the plastic mixes ranged upward from 
2000 to 12,000 psi. The thought occurs 
that the air stream may have produced a 
mild sand blast effect which mechan- 
ically removed material from the speci- 
mens of extremely low unit strengths 
slightly faster than it was fully released 
by the acid action, while the same air 
stream applied to the specimens of rela- 
tive high unit strengths may have had 
less relative mechanical effect. 
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STRESSES IN CONCRETE CYLINDERS 
~ 


The durability of concrete is determined by freezing-and-thawing, heating- 
and-cooling, and wetting-and-drying tests. 
of thermal stress produced in such tests. 
experimental data to determine an equivalent Biot’s modulus, a non-dimen- 
sional parameter giving the thermal boundary conditions. 
theoretical transient thermal stresses as functions of this modulus is given. 
It is found that these stresses vary widely with these test methods, being 
large enough in some cases to be a cause of concrete failure while negligible in 
It is believed that information as to the magnitude of thermal 
stresses in durability tests is important, and that sufficient theory has been 
developed to determine these stresses. 


other cases. 


This paper is concerned with the 
transient thermal stresses produced in 
concrete cylinders when subjected to 
laboratory durability tests, which tests 
involve temperature change. If the 
temperature range is from below to 
above the freezing point of water, the 
test is described as a freezing-and-thaw- 
ing test; if the temperature range is 
above the freezing of water it is called a 
heating-and-cooling test. Some tests 
in the latter temperature range are 
sometimes called wetting-and-drying 
tests. The name of the test indicates, 
to some extent, the commonly accepted 
reason as to why some concrete deterio- 
rates in the test; that is, in the freezing- 
and-thawing test it is believed that the 
expansion of water freezing internally 
1s the main factor causing breakdown. 
In the heating-and-cooling test the speci- 
mens are usually kept submerged in 


' Associate Professor of Applied Mechanics, Kansas 
State College, Manhattan, 


THE EFFECT OF BIOT’S MODULUS ON TRANSIENT THERMAL 


This paper investigates one type 
Theory of heat flow is combined with 


A solution for the 


water and any deterioration should be 
due to temperature change. In the 
wetting-and-drying test it is thought 
that the change of moisture content 
may be the controlling factor causing 
deterioration. In general, thermal 
stresses are of two kinds: first, those due 
to variable values of the coefficient of 
expansion; second, those due to tem- 
perature differences throughout the 
body. This paper deals only with the 
second kind of test, and only for cylin- 
ders. In more technical words, the 
thermal stresses to be considered are 
those produced in a homogeneous, 
isotropic cylinder due to temperature 
change. It is assumed that the elastic 
and thermal “constants”? are also in- 
dependent of temperature. Theoretical 
analysis shows that the stresses will 
vary with time and boundary conditions 
as well as throughout the body. The 
magnitude of maximum stress during a 
cycle of temperature change depends on 
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the shape of the body, the elastic con- 
stants, and Biot’s modulus. So far as 
is known, the mathematical derivation 
of stresses as functions of the latter fac- 
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1. 
Temperature versus time of center 
and surface of cylinder. 


tor have not previously been made. In 


all problems of mathematical physics, 


a most important consideration is the 
boundary condition. Biot’s modulus 
is a non-dimensional quantity giving 


PICKETT ON THERMAL STRESSES IN CONCRETE CYLINDERS © 


kt 
2.3cb* 
T = temperature 


considerable information about the 
boundary condition. 

It is assumed that all covering or ip. 
sulation, such as the rubber sack some. 
times used to keep specimens dry, sur. 
face films of air or liquid, etc., may all be 
considered equivalent to one film of 
conductivity k’ thickness b’, and negli- 
gible specific heat. Biot’s modulus js 


then defined by the equation 


k'b 
B= — 
kb’ 
where k = the thermal conductivity, 
and 
b = the radius of the cylinder. 


For a perfect insulator B = 0, and the 
other extreme usually assumed in ele. 
mentary Fourier heat-conduction prob- 
lems is that B = «. The exact value 
of B for a given test may not be known, 
but an equivalent B may be estimated 
by comparing experimental temperature 


curves with theoretical ones. Th 
method is explained later. 

The mathematical derivation 
stresses follows: Le 
Notation: 

r, 8,2 = cylindrical coordinates, 


b = radius of cylinder, 

b’ = equivalent thickness of cover- 
ing, 

1 = length of cylinder, 

a = linear coefficient of therm 

expansion, 

= thermal conductivity, 

k’ = equivalent thermal conduc 
tivity of covering, 


specific heat per unit volume, 

difference be 
tween an interior point até 
external medium, 

= initial temperature different 

assumed uniform in 


men, 
t = time, 
.. 
B= Biot’s modulus, 
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Fourier’s modulus, 

J(x) = on function of order n, 
8, =a root of the trancendental 
equation 6/;(8) = BJo(8), 

Fourier coefficient of Bessel’s 
function, 

A = Laplace operator, 
E = Young’s modulus of elasticity, 
u = Poisson’s ratio, 

S,, Sa, S: = radial, tangential 


lt 


> 


, and axial 
normal stresses, and ae A, = 
r = a coordinate, and : 


dr = a differential. 


When the conductivity and specific 
heat are independent of the temperature, 
the equation of heat flow becomes? 


The general solution® of Eq. 1 for a 
cylinder of infinite length is: 


n=1 b 

The 6’s are chosen to satisfy the 
boundary conditions at r = b, and the 
A’s are chosen to satisfy the conditions 
até = 

Equating the rate of heat flow per 
unit area through the protective covering 
or surface film to the rate of heat flow 
per unit area through the surface of the 
cylinder we have at r = b: 


Substituting Eq. 2 in Eq. 3 and using 
the fact that Eq. 3 is true, independent 


of t, we have: ork 
— 


k'Jo(Bn) 


b Bn), or 
Bn J\(By) 
Equation 4 shows that the #’s de- 
pend only upon Biot’s modulus B. As 
a special case, when B = ~, Eq. 4 be- 


2W. F. Osgood, ‘“‘Advanced Calculu 247, Mac- 
millan Co., New York City (1929). ailher 
” W. ,E. Byerly, “Fourier Series and Spherical Har- 
mics,” p. 15, Ginn and Co., Boston (1895). 


comes Jo (8,) = 0, and these ~’s may 
be found in any standard text on Bessel’s 
functions. 

The A’s are found in the regular way 
of obtaining. Fourier coefficients by 
making use of the orthogonality of 
Bessel’s functions. For the special case 


‘of uniform temperature 7) when t = 0, 


it can be shown that:4 


2BT» 
(B? + Jo(Bn) 


If we assume, as above, a cylinder of 
infinite length, the stresses are as fol- 


lows: 

b 1 r 

Trdr + sf Trdr— r| (6) 
0 


Substituting Eq. 2 in Eq. 6, and using 
the fact that 


r br r 
We obtain 
Ea 
b 


Ea A,e* Br 
So = 
+ - Bn Jo (6. i) | 


(5) 


> 
ll ll 
= 
Sle Sle 
& 
| 
~ 


(7) 


2 
Ea = Ane Pn 
Bn 
r | 
Ez BnrJo (4. | 
} 
4W. E. Byerly, “Fourier Series and Spherical Har- 
monics,”’ p. 229, Ginn and Co., Boston (1895). 


5S. Timoshenko, “Theory of Elasticity,” p. 368, 


McGraw-Hill Book Co., Inc., , New York City (1934). 
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b 
Solving for so as to make 2x S,dr=0 
0 


we find 

Ane 


n 


s Substituting Eqs. 4,5, and 8 in Eqs. 7 
we find 


_ 2EaTy pg? B 
Le (B? + p?) 
B b 1 Bn b 
BnJo(Bn) 
So 2EaT» FB? B 


83) 


rT rT (9) 
Jy (+, ) 
B b b b 


r 
B 2B Jo («, 


B+ 


RESULTS 


Equations 9 are the mathematically 
exact equations for stress at any point, 
at any time, for any Biot’s modulus. 
The actual stresses will differ from the 
above chiefly because of variation of the 
thermal and elastic coefficients. 

It is not easy to find the value of the 
stresses from the above equation. One 
could proceed as follows: first, from test 
conditions a value of B is selected, then 
a sufficient number of §’s are evaluated 
as roots of Eq. 4. In most cases, four 
or five 6’s are enough for good accuracy, 
but in some cases many more are re- 
quired. Finally, the desired F and r 
are chosen, and substitution may be 
made in Eqs. 9. 

Since the equations are not in a form 


that can be readily used, curves haye 
been prepared. Figure 1 shows cooling 
curves for the surface and for the center 
of a cylinder for various values of Biot’s 
modulus. A comparison of actual 
curves, obtained with thermocoupies, 
and these theoretical curves enables one, 
in most cases, to decide as to the ap 
proximate value of Biot’s modulus for 
the particular test. For example, B was 
found to be between 5 and 10 for a 3 by 
6-in. cylinder warmed or cooled by sud. 
den immersion in a tank of still water, 
B was found to be between 0.3 and 05 
for the same cylinder warmed or cooled 
in still air. These values would be 
raised, depending upon the relative in- 
tensity of the circulation of the water or 
air. When the cylinder is sealed inside 
an inner tube which is then submerged 
in liquid, B is approximately 3. It is 
evident from the above that the value of 
B varies widely with different methods 
of tests. 

The first several roots of Eq. 4 for 
various values of B are shown below: 


B A | B2 Bs Bs | Bs 

_ 0.441680 3.858 7.030 10.171 13.326] 16.47 

0.5........'0.940 (3.959 7.0865 10.222)13.361) 16.51 

1..........|1.25579 |4.0795 7.1555 10.269) 13.399) 16.5 

3 /1.7885 (4.463 7.408 |10.456 13.544) 16 

| | 

10 .........,2.1795 {5.033 7.955 10.936 13.958 17 
\2.381 5.465 8.567 11.675 14.784) 17.4 
2.402 5.515 8.645 11.780 14.916 18. 


2.4048 5.520 8.654 11.792 14.931 16.07 

The following general conclusions 
may be drawn from Eqs. 9 without ac 
tually computing values. 


When r = 6, S, = Oand S, = S; 
When T= 0, Be = So = 0.5 S, 


In general, S, will have a greater mag: 
nitude than either S, or S,. This may 
not be true in the vicinity of r = 0.10) 
b where S, is very small while 5 5 
positive and S, is negative. Since Wt 
are interested chiefly in maximum tél 
sile and compressive stresses, numerical 
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computations are made for S, only. For 
a positive To (cooling), the maximum 
positive value (tension) of S, is at r = 6, 
and the maximum negative value (com- 
pression) isatr = 0. These maximums 
occur at different values of F, depending 
on B. For the special case of r = b, and 
B = », the maximum occurs at F = 0 
and is equal to 


which reduces to a simple value 


2EaTy 2 
n=l] 
Figure 2 shows maximum stresses at 
the surface, center, and some intermedi- 
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Fic. 2.—Biot’s Modulus B. 


ate points in percentage of the stress 
for the above special case as a function 
of B. From Fig. 2 and what has been 
stated above, it must be concluded that 
warming or cooling in air produces only 
small stresses, compared with immersion 
In water. 

_Figure 3, showing longitudinal stress- 
me curves for various values of r for 
B = 3, gives a picture of what is taking 
place. At the beginning, the cylinder 
is Stress free. Very quickly, the surface 
r = 6 reaches its maximum stress. 
Most of the cylinder now has small 
negative stresses. A little later, the 
center reaches its maximum negative 
stress, after which all parts eventually 
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become stress free again. The ceeall 


in the vicinity of r = 0.707 b has very — 


little longitudinal stress at any time and 

although actual computations have not 
been made, the’author has reason to be-| 
lieve that the radial and tangential 
stresses are also small. 


CONCLUSIONS Je 


ta 
The special value of i 
— 
theoretical stress at the surface for B = 0 
has been known for a long time, as it 


can be derived in a very simple manner. 
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Fic. 3.—Variation of Stresses with Time at 
Given Values of r for B = 3. 


If we assume such a value of B possible, 
and taking E as 4,000,000 psi., a as 
0.0000065 per degree Farenheit, w as 
0.2, and T> as 80 F., we find the max- 
imum stress to be 2600 psi. In the 
case of cooling, this would be tension 
and far in excess of the tensile strength 
of concrete. The above can be of only 
theoretical interest because of the im- 
possibility of such a value of B. How- 
ever, B = 100 is possible with good 
circulation of water and, from Fig. 2, 
gives a stress at the surface 80 per cent 
as great. This stress seems to be chiefly 
a surface effect because one-tenth of the 
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radius beneath the surface we find only 


1—yp 

It is realized that it is folly to draw 
very many conclusions from the above 
theoretical analysis until more carefully 
controlled experiments have been con- 
ducted. However, from a study of the 
above curves, together with experimen- 
tal data obtained by others, the author 
suggests the following: 

1. Cooling in water and heating in air 
as has been done in wetting-and-drying 
tests should give about twice as great 
maximum tension for the same tempera- 
ture range as cooling in air and warming 
in water, as is usually done in freezing- 
and-thawing tests. This may be a fac- 
tor for the sudden deterioration of con- 
crete in some wetting-and-drying tests. 
Such analysis may be incorrect for at 
least three reasons: first, in wetting-and- 
drying tests the emphasis is not on tem- 
perature change, and if the specimens 
are allowed to remain in air at room 
temperature for a time after removal 
from the drying oven and before being 
placed in the wetting tank, the maximum 
tension may be greatly reduced. Sec- 
ond, the freezing of at least some of the 
water in freezing-and-thawing tests may 
cause severe stresses not accounted for 
in this paper. Third, the latent heat 
of fusion of water causes the tempera- 
ture distribution to deviate from the 
theoretical. 

2. In wetting-and-drying tests, the 
maximum tension occurs at the surface 
when placed in water. A few cycles 
may cause the surface to become inelas- 
tic, after which thermal stresses may 
become practically nonexistent due to 
the inelastic surface layer providing in- 
sulation for the interior. It is possible 
that this may account for observed de- 
crease in strength of specimens during 
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the first 50 or 100 cycles, after which 
there is no further decrease. On the 

_ other hand, deterioration in freezing. 

_ and-thawing tests may start from inside 
and progress outward during thawing in 
water. It is also recognized that the 
disruptive effect of freezing may show 
itself first on the surface. Therefore, 
in this case, it is expected that loss of 
strength would continue with increase 
of cycles. 

3. Stresses produced by heating and 
cooling in which the specimens are kept 
submerged in water and the cycles are 
produced by alternately injecting steam 
and cold water into the water tanks can- 
not be calculated by the formulas of 
this paper. A separate mathematical 
treatment would be required. Since 
the temperature of the surrounding 
water changes gradually, large stresses 
should not be expected. Experimental 
investigation shows that in many cases 
no difference can be detected between 
the strength of specimens subjected to 
this heating and cooling and control 
specimens from the moist room. Mar- 
imum tensile stresses would occur at the 
surface, and then maximum deteriora- 
tion, if any, should occur in the first few 
cycles, after which there may not be 
much effect. 

4. From all that has been said, one 
would certainly conclude that differences 
noted in the results of the above heating- 
and-cooling tests compared with free 
ing-and-thawing tests may be due 
chiefly to the manner in which the tests 
are conducted instead of the fact that 
one test is conducted above the freezing 
range, as has been assumed by inves 
tigators in the past. 

5. It must be recognized that the mait 
part of this paper is theoretical, the 
results are approximations and the cot 
clusions are tentative. 
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THERMAL VOLUME CHANGE AND ELASTICITY OF AGGREGATES 
AND THEIR EFFECT ON CONCRETE 


By T. F. Wiis! anp M. E. Reus! 
SYNOPSIS ? 


This paper describes the methods and results of exploratory tests made in 
preparation for an investigation of the elastic properties and thermal coeffi- 


- made from them. Included are: 


_of expansion of: 


stone, and 


In connection with a study of the 
deterioration of concrete, information 
was required on the thermal coefficient 
of expansion and the modulus of elas- 
ticity of concrete coarse aggregates 
commonly used in Missouri and of the 
influence of these characteristics of the 
aggregates on the properties of concrete 
made from them. Investigations of the 
durability of concrete have indicated 
that this may be of considerable 
importance. 

While a number of investigations of 
somewhat similar nature have been 
reported, neither the results nor the 
methods are applicable to our problem. 
Unfortunately, the variation in physical 
properties of rocks from different sections 
of the country, even though of similar 


tives esearch Engineer, and Junior Engineer, respec- 
Dene” Bureau of Materials, Missouri State Highway 
¢pt., Jefferson City, Mo. 


(b) Specimens of mortar, made from normal portland cement and crushed 7 
sands derived from limestone, chert and quartzite. : ne 
The results are discussed and indications pointed out. 


cient of expansion of concrete aggregates commonly used in Missouri, and of 7 
the effect of these characteristics of the aggregates on mortar and concrete 


1. A description of apparatus and methods used. 
2. A discussion of the accuracy of the measurements. 
3. Results of measurements of modulus of elasticity and thermal coefficient 


(a) Specimens of limestone, chert, quartzite, granite, basalt and a 


type and stratigraphical location, pre- 
cludes the possibility of assuming that 
values obtained by other investigators 
are applicable to the rocks of this 
geographical area. 

Also the studies of other investigators 
have consisted of the determination of 
the effects of the type of coarse aggre- 
gate on the thermal coefficient and 
modulus of elasticity of concrete. ‘There 
have been few direct determinations of 
these properties of the aggregate and 
their influence on the concrete, and as 
far as the authors know, no such determi- 
nations where the maximum size of the 
particles available for study was as 
small as that of one of the principal 
sources of coarse aggregate, stream 
gravel. Further, there is only inferen- 
tial information on the effect of these 
properties of sands on similar properties 
of mortar and concrete made from them. 
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Scope: 


As outlined, the investigation contem- 
plates the determination of the modulus 
of elasticity and thermal coefficient of 
expansion of the principal coarse aggre- 
gates used in Missouri, and a study of 
the effect of these properties of the 
aggregates on the same properties of 
mortar and concrete. However, this 
report covers only a description of the 
methods used and results of exploratory 
tests made in preparation for the major 
investigation. ‘Tests for thermal coeffi- 
cient and modulus of elasticity were 


TABLE I.—GRADATION OF SAND. 


Retained, 
per cent 


Tyler Screen 


made on 123 specimens from 7 types of 
aggregates obtained from 20 sources. 
Measurement of the same properties 
were made on mortar specimens manu- 
factured from a normal portland cement 
and 5 types of sand. 


PREPARATION OF SPECIMENS 


Aggregate.—The test specimens of 


aggregate consisted of cylindrical cores 
1 in. in diameter by 2 in. long drilled? 
from specimens of the aggregate to be 
tested. The ends of the cylinders were 
ground to smooth planes perpendicular 
to the axis. 

Mortar——Mortar cylinders were 
formed in cylindrical metal molds 1 in. 
in diameter by 2 in. long. The in- 
gredients of the mortar were a normal 
portland cement, sand manufactured 


? For drilling these cores a small ceramic drill, having 
a cylindrical brass drill bit and using emery dust paste as 
the abrasive, was found to be much faster than the dia- 
mond core drill. 


from the remainder of a specimen after 
drilling a core, by crushing and grinding 
so that it had the gradation shown jp 
Table I and water which was added jp 
sufficient amount to give the required 
water-cement ratio and to compensate 
for the 24-hr. absorption of the sand, 


MEASUREMENT OF THERMAL 
COEFFICIENT 


The apparatus designed and con- 
structed for measuring the linear thermal] 
expansion is shown diagrammatically in 
Fig. 1. The specimens are placed in an 
oil bath surrounded by a water bath, 
which in turn is surrounded by an in- 
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Transverse Sectior 

Fic. 1.—-Temperature Control Unit 
cal Levers Used for Measuring The 
Expansion. 

sulating box. The apparatus accommo 
dates two specimens at a time. Each 
specimen stands vertically in the bath. 
An optical lever (lever arm 1 in.) 
placed so that two of its legs (thos 
forming the pivot) rest on Nilvar posts 
and the third on the specimen? The 


2A microscope slide cover glass was interposed be 
tween the specimen and the leg of the optical lever, for @ 
order to obtain consistent results the legs of the opti 
lever must rest on surfaces which are absolutely plant 
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vertical movement of the specimen, 
which occurs as the temperature is 
varied, is measured by observing through 
a precise level the image, reflected by 
the mirror! of the optical lever, of a 
vertical scale placed 20 ft. from the 
mirror. 

Each specimen was tested over the 
range 37 + 3 F. to 140+ 5 F., and the 
change in scale reading from the initial 
reading plotted against temperature. 
Values for 40 and 140 F. were interpo- 
lated from this curve and the mean 
coefficient for this range was calculated 
from the equation: 


where: 


4 


7 in inches per inch per deg. 

Fahr., 

y = the deflection of the scale image 
in millimeters, 

| = the lever arm of the optical lever 
(1 in.), 

* = the normal distance from’ the 
mirror to a plane, parallel to 
the mirror, passing through 
the scale (232 in.), 


t = the rise in temperature in deg. 


Fahr., 

h = the height of the specimen in 
millimeters, and 

K = a constant. 


The constant K is equal to the coeffi- 
cient of expansion of Nilvar plus or 
minus any characteristic distortion of 
the apparatus caused by temperature 
change. Based on a number of measure- 
ments made on Nilvar specimens of 
known coefficient (5.0 X 107 1), K was 
found to be —2.0 & 10-7. 


ws ‘The front-surfaced mirrors of the original equipment 
a hot sufficiently plane to produce an_ undistorted 
a age in the iene, which had a magnification of 40 
‘ameters, and therefore 
tituted. 


selected plate glass mirrors were 
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C = the coefficient of linear — 
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Consideration of the possible errors 
involved in the measurements aie 
that the calculated coefficients are 
probably accurate to plus or minus 2.0 X 
10-7. This figure is in accord with the 
results of check determinations on the 
same specimen. 


MEASUREMENT OF MODULUS OF 


ELASTICITY 


Since it is difficult to obtain large 
representative specimens of a gravel 
aggregate on which the repented 
relationship may be measured, a method 
was devised for accurately measuring 
the deformation of an individual speci- 


W/4 
~Spherical 
Bearing Block 


Fic. 2.—Lever Type Compressometer. 


men on a gage length as short as 1 in. 
The method consists essentially of the 
microscopical measurement of the rela- 
tive movement of two lever arms, one 
pivoted and the other fixed on a cylindri- 
cal specimen, 1 in. in diameter. The 
design of the lever, which is of the 
compressometer type, is shown in Fig. 2. 
The upper arm is fixed to the specimen 
at three points while the lower arm, 
which transmits the average deformation 
of two opposite sides of the specimen to 
the brass plates at the end of the arms, 
is pivoted on the specimen. In order 
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to keep the sharp pointed screws from magnification, one graduation on the mine 
penetrating into the specimen and subse- drum of the filar micrometer is equal to decrei 
quently working loose, a thin piece of a deformation of 0.000003 in. in the gage tions 
watch spring steel is placed between the length of the specimen. In making For 
points and the specimen, thus giving a measurements the cross-hair of the eye. drum 
blunt point contact with the specimen piece is easily set to plus or minus one. in k 
but still allowing the lever to swing half drum graduation. throu 
freely. The rectangular ring serves as A Riehle briquet molding machine (see value 
the fulcrum of the lever system. assembly of apparatus in Fig. 3) is used the fc 


or m 
pouns 


Fic. 3.—Showing Assembly of Apparatus. 


The relative displacement of the brass for loading the specimen. The spec 
plates with respect to each other is mens are loaded to a total load of 
measured by means of a microscope kg. (1680 psi. for a specimen 1 in. in 
equipped with a vertical illuminator, an diameter), generally in increments of 10) 
8-mm. objective, and a filar micrometer | kg., except that the first two and the 
eyepiece. The total magnification of last two increments are of 50 kg. The 
the system is 1550, consisting of 4.95 load is applied manually at the rate of Ther 
times for the mechanical lever and 313 100 kg. every three minutes. The : 
times in the microscope. With this stress-strain relationships were deter Fc 
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mined for both an increasing and a 
decreasing load, and check determina- 
tions were made for each specimen. 

For each test, the deformation. in 
drum units was plotted against the load 
in kilograms, a smooth line drawn 
through the points plotted, and the 
value of the modulus calculated from 
the following formula: 


4 KLM 


E= kg. per sq. 


or multiplying by 1422 to convert to 
pounds per square inch, 


KLM 


= 1811 


= modulus of elasticity, 
load in kilograms, 
gage length in millimeters, 
= mechanical advantage of lever 
system (4.95), 
diameter of specimen in milli- 
meters, 
number of drum graduations, 
and 
value of one drum graduation 
(0.0004 mm.) 

Considering the magnitude of the 
possible errors in the various measure- 
ments involved, the probable error of 
the reported values of the modulus of 
elasticity does not exceed 3 per cent; 
and this figure is in accord with the 
results obtained by check determina- 
tions of the modulus, which have shown 
a difference for the value of the modulus 
as large as 15 per cent but on the average 


have shown a difference of only 5 per 
cent. 


DATA AND DISCUSSION 
AGGREGATES 
Thermal Coefficient of Expansion: 


For all the aggregate specimens, except 
some of the limestones, the linear expan- 
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sion plotted against temperature was 
essentially a straight line. The graphs 
of these exceptions were distinctly 
curves and some were curved sufficiently 
to indicate that the specimens have the 
peculiar property of exhibiting “mini- 
mum length.’”® In Fig. 4 the graph of 
the specimen having the greatest curva- 
ture is shown. 

The upper section of Fig. 5 shows the 
thermal coefficients of all the aggregate 
specimens tested, classified by type and 
source. 
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Fic. 4.— Illustrating the Maximum Curvature 
Observed for the Thermal Expansion Curve. 


It is noteworthy that all values for the 
three aggregate types, chert, quartzite 
and sandstone, composed essentially of 
silica fall in a narrow range, from 6 to 
7X 10°. In fact, a statistical analysis 
of these data, based on the assumption 
that they are all derived from the same 
statistical universe, shows the distribu- 
tion to approximate that predicted by 
the law of probability. In other words, 
it is indicated that the variation in the 
observed thermal coefficients of all the 
specimens of chert, quartzite, and sand- 
stone may be primarily due to instru- 

® The phenomenon of minimum length in tests of speci- 
mens of marble was observed by W. H. Souder and P. 
Hidnert, ‘“Thermal Expansion of Insulating Materials,’’ 


Scientific Paper No. 352, Nat. Bureau Standards, p. 411 
(1919). 
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mental errors and that the true values 
for all these highly siliceous rocks are, 
for all practical purposes, the same. 
With a few exceptions, the thermal 
coefficients of all the limestone specimens 
fall in the range of 2 to4 X 10°°, a very 
appreciable decrease from the values for 
the siliceous materials. Even the three 
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of the siliceous materials and the 
limestones. == 


Modulus of Elasticity: 

None of the materials dealt with in 
this investigation are truly elastic, the 
total deformation due to load being 
made up of plastic as well as elastic 
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Fic. 5.—Values of Modulus of Elasticity and 


Linear Thermal Coefficient of Various Aggregates 


(Each Point Represents One Specimen). 


thermal coefficients of limestones above 
this range are lower than the lowest 
coefficients exhibited by any of the 
siliceous materials. 

The other three rock types tested, 
basalt, granite and dolomite, which 
occur as minor proportions of the aggre- 
gates from a few sources, have thermal 
coefficients intermediate between those 


deformation.* However, when rate 
loading is constant, the relation of the 
unit deformation to the unit stress is 
comparable characteristic of each ms 
terial. The moduli of elasticity, * 


6 A majority of the specimens exhibited a straight ln 
for the stress-strain relationship upon the app 

load, but in practically every case more or less 

was noted upon the release of load; however, in@ few in 
stances full recovery of the deformation was achieved by 
those specimens which had the higher moduli. 
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called, reported in this investigation are 0.55. All specimens were cured one day 
the slopes of the tangents to the stress- in the moist closet and 27 days in water, 


the 


strain curves at a stress of 1680 psi. and tested at 28 days. 7 oe 
The values for this characteristic of the 
1 in various aggregates tested are shown in Thermal Coefficient: = 
the the lower section of Fig. 5. Itis obvious The tests for thermal coefficient of the 
cing that even for rocks of the same type and neat cement gave rather erratic results. 
Stic from the same source the modulus varies Neither the duplicate tests on the same 


over a wide range. Particularly is this specimens, nor the individual tests on 
true of the chert specimens. Specimens the different specimens of the same 
from one deposit varied from 5.0 to series, checked as well as the mortar 
18.0 X 10°. In all cases in which chert tests. The cause for this is being in- 
specimens showed a modulus of less than vestigated in a series of tests now under 
10.5 X 10°, the specimens were obvi- way. Based on the tests already made, 
ously porous. The aggregate from most the most that can be said is that for the 


deposits that are predominantly chert cement used and water-cement ratios 
would be composed largely of particles 


i modulus reater than TABLE II.—RELATION BETWEEN THERMAL 
8 COEFFICIENT OF MORTAR AND THAT 


OF PARENT MATERIAL. 
The limestone specimens also showed -dieeadiaeheiatiell 
considerable variation, although in gen- 


Parent Material | Thermal Coefficient of Mortar X 


Ther- |Mix (Abs. 
eral the moduli were somewhat more 
uniform than the cherts. Also these Type _Coef- |Water-ce- Avg. 
a ficient} ment ra- 
tests indicate that, taken as a group, the X10°| tio,..... 0.70| 0.70} 0.85 


| 
| 


limestone aggregates will have lower Quartzite...| 6. 


— of the Chert 6:6 6.4 | 6.3 | 6.7 | 6.47 
ol particles in agevere es Irom r imestone...| 4. 4.8 4 | 4. 4. 

P Limestone...| 2.9 3.9 | 3.6 | 3.8 | 3.77 


deposits. 


M R SP i 
ORTAR SPECIMENS of 0.40 to 0.55, the thermal coefficient 


For the mortar tests, five sands were jes in the range of 6.4 to 7.7 X 10-°. 
prepared by crushing specimens which The tests on mortars gave consistent 
had previously been cored and tested for results and showed that over the range 
thermal coefficient and modulus of tested (40 to 140 F.) the relation between 
elasticity. The parent material of these temperature and linear expansion is 
sands consisted of two limestones and essentially linear. The results of the 
two cherts (one of each having a low tests are shown in Table II. It is at 

ates modulus of elasticity and the other a once evident from the data that the 
high modulus) and a quartzite. Three characteristic thermal expansion of the 
series of tests were made with each of mortar is closely related to that of the 


e of these five sands, the proportions of the sand from which it is made; in fact for 
f the mortar being as follows: the mortars and sands tested, controlled 
dex (a) Mix 1:2.4, water-cement ratio 0.70 by it. The mortars made from the three 
> (b) Mix 1:3.6, water-cement ratio 0.70 siliceous aggregates have thermal coeffi- 


(c) Mix 1: i 5 
¢) Mix 1:3.6, water-cement ratio 0.85 cients almost identical with those of the 


Also tests were made of the neat cement aggregates and probably somewhat lower 
with a water-cement ratio of 0.40 and than that of the neat cement. The 
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coefficients of the mortars made from 
the limestone with the higher coefficient 
were also almost identical with that of 
the aggregate, and were definitely lower 
than that of the neat cement. The 
coefficients of the mortars, made from 
the limestone with lowest coefficient, had 
the smallest value of any obtained in 
the mortar series. However, they were 
materially greater than that of the sand. 
This would indicate that there is some 
minimum value for the thermal coeffi- 
cient of a mortar, regardless of how 
small the coefficient of the sand may be. 
Considering the average for all the 
sands, there is an indication from the 
very limited data available that the 
effect of the aggregate is increased as its 
proportion in the mortar is made greater; 
also that the coefficient for the wetter 
mixtures is greater. Neither of these 
points can be considered as proven. 


Modulus of Elasticity: 


As previously stated, the reported 
moduli of elasticity are those derived 
from the stress-strain relationship for 
the first loading, and for an increasing 
load. A statistical study showed that 
there was no difference between the 
results obtained from the first loading 
and those obtained from the second 
loading, provided the specimens were 
not stressed in excess of the elastic limit. 
However, it should be pointed out that 
there was a distinct difference in the 
results obtained from an increasing load 
as compared with those obtained from 
a decreasing load, the modulus being 
somewhat greater for a decreasing load. 

For the neat cement, the determina- 
tions of the modulus were much more 
consistent than were the determinations 
of the thermal coefficients. Good checks 
were obtained on companion specimens 
as well as on consecutive tests on the 
same specimen. For a water-cement 
ratio of 0.40, the modulus was 3.8 & 108 
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and for a water-cement ratio of 0,55. 
the modulus dropped to 2.7 « 10°, 
The results of the tests on mortar 
specimens also indicate that an increase 
of the water-cement ratio will cause a 
decrease of the modulus of the mortar: 
but the data indicate too, that the 
modulus of the mortar is influenced by 
the character of the sand from which it 
is made. The results of the mortar 
tests are shown in Table III. It is at 
once evident that the correlation be- 
tween the modulus of the mortar and of 
the parent material of the sand is not 
so good as in the case of the thermal 
coefficient. This lack of correlation 
may be partially due to the fact that two 
TABLE III.—RELATION BETWEEN MODULUS 


OF ELASTICITY OF MORTAR AND THAT 
OF PARENT MATERIAL. 


Parent Material Modulusof Elasticity of Mortar X 10+ 


Mod- (Abs. 
vol.).... 1:2.4 1:3.6 1:3.6 
Type Elas- Water -ce- Avg. 
ticity | ment ra- 
10-6 | 0.70, 0.70 085 
Chert 14.4 4.8 4.8 4.1 | 4.57 
uartzite 6.7” 4.2 4.2 | 3.6 | 4.0 
hert. 6.8% 4.1 | 3.6 | 3.7 | 3.8 
Limestone.| 11.2 3.8 | 4.4 | 3.8 | 40 
Limestone 6.0 2.8 | 3.2 | 2.6 | 2.87 


“Specimens on which modulus was measured were 
Modulus of sand particles is probably somewhat 
igher than that of parent material. 


of the materials, quartzite and one of 
the cherts, were highly porous; that the 
sands obtained by grinding these ma- 
terials were considerably less porous 
and may have had higher moduli than 
those of the parent material. 

Other investigators have shown that 
for concrete, the modulus of elasticity 
is definitely related to the strength. 
For the mortars in these tests, a graph 
of the modulus, plotted against com- 
pressive strength, results in a greatly 
dispersed set of points, showing po 
correlation between these factors. How- 
ever, when the moduli of the mortar 
are plotted against an empirically de 
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rived function’ including both strength 
and modulus of the sand, fair correlation 
isshown. Thus it is indicated that the 


modulus of elasticity of a mortar is 


related to both the strength of the mor- 
tar and the modulus of the sand from 
which it is made. 

Plastic Flow: 

Plastic flow of the mortar under stress 
of 1680 psi. for one hour was measured 
on two specimens of each set. The 
average results are shown in Table IV. 
Trends are discernible but further tests 
are required to establish their validity. 

Following the reports of other investi- 


TABLE IV.—PLASTIC FLOW OF MORTAR 
UNDER STRESS OF 1680 PSI. 
FOR 1 HR. 


Plastic Flow of Mortar, units 


Parent Material X10-* per unit 


| Mod- 


| Mix (Abs. 

ulus o vol.) ......1:2.4 |1:3.6 |1:3.6 

Type Elastic- Water-ce- | 
ityX10-®| ment ratio,..0.70| 0.70} 0.85 

| 

Chert 14.4 24 | 30 | 40 

(uartzite 6.7% | 36 50 38 

Chert 6.8¢ | 0 | 52 

Limestone 11.2 fs 40 35 56 

Limestone 6.0 58 60 92 


“Specimens on which modulus was measured were 
fesens. Modulus of sand particles is probably somewhat 
igher than that of parent material. 


gations that the plastic flow of concrete 
under stress is closely related to strength, 
the results for these characteristics of the 
mortar specimens were plotted. The 
graph showed a definite tendency for the 
plastic flow to be inversely proportional 
to the strength, but the points were so 
scattered that the degree of correlation 
between plastic flow and strength alone, 
was obviously low. Further study re- 


The empirical relation used is Em = Ky Ea: 


where: 
Em = modulus of elasticity of mortar, a @ 
‘a = modulus of —— of aggregate, 
5 = compressive strength of mortar, and 


= 4 constant. 


However, the data are too few to state that this function 
's quantitatively correct. 


vealed that there is a much closer relation 
between plastic flow of the mortar and 


its modulus of elasticity (see Fig. 6). 


CONCLUSIONS 


Inexpensive apparatus has been de- 
vised for measurement of the thermal 
coefficient of expansion and the modulus 
of elasticity of relatively small particles 
of aggregate. The indicated accuracy 
of tests made with this apparatus is 
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Modulus of Elasticity of Saturated Mortar, psi 


Fic. 6.——-Plastic Flow of Mortar Under Stress 
of 1680 psi. for 1 hr. (Each Point Represents 
a Single Test on an Individual Specimen). 


plus or minus 0.0000002 for thermal 
coefficients and plus or minus 3 per cent* 
for modulus of elasticity. 

Tests on the two principal types of 
coarse aggregate used in Missouri, lime- 
stone and chert, show: 

That the thermal coefficient of 
expansion of limestone is materially 
smaller than that of chert. 

2. That the modulus of elasticity of 
both limestone and chert is highly 
variable, even for material from the same 
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source, but that, in general, the modulus 
of limestone from any one deposit is 
more uniform and considerably smaller 
than the modulus of the preponderance 
of the chert from any single source. 
The data on the mortars are too 
limited to permit any very definite con- 
clusions. However, it is indicated that: 
1. The thermal coefficient of the sand 


is one of the principal determinants of 
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the thermal coefficient of a mortar made 
from it. 

2. The modulus of elasticity of g 
mortar specimen is affected by the 
modulus of the sand contained in the 
mortar and is probably a function of 
this and the strength of the specimen, 

3. The plastic flow of a mortar is 


closely related to its modulus of 
elasticity. 


a 


crete 
a the 
consi 
ceme 
feren 
destr 
cycle 
jecte 
ditio 
with 
Mr. 


4 
928 
4 

of B: 
diffe 

a: 

“4 


Ge 


Mr. F. B. HornrBprooxk.'—In a con- 
crete in which the large aggregate has 
a thermal coefficient of volume change 
considerably different from that of the 
cementitious material, will that dif- 
ference in expansivity become unduly 
destructive in  freezing-and-thawing 
cycles in which the material is sub- 
jected to large thermal shotk? In ad- 
dition to the boundary effects associated 
with large thermal shock as discussed by 
Mr. Pickett in his paper on the effect 
of Biot’s modulus,’ is it not possible that 
differences in coefficients of volume 
change of the constituent materials of 


the concrete may be the cause of some 


1 Associate Materials apne, National Bureau of 
D. 


See p. 913 


DISCUSSION 


of the disintegration in which there is 
a separation of mortar and large ag- 
gregate? 

Messrs. T. F. M. E. 
DeERevs* (authors’ closure by letter).— 
We believe it entirely possible that a 
difference in the thermal coefficient of 
the coarse aggregate as compared with 
that of the cementitious material may 
affect the reactions of concrete to freez- 
ing and thawing. In fact, the outline 
of the major investigation, to which the 
experiments described in this paper are 
preliminary, contemplates an_ investi- 
gation of this point. 


3 Research Engineer, and Junior Engineer, respectively, 
Bureau of Materials, Missouri State Highway Dept., 
Jefferson City, Mo. 
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THE EFFECT OF VARIATIONS IN METHOD UPON THE RESULTS OF 


and thawing seems to be one of the most 
effective. There is some evidence that 
the same is true for portland cement 
concrete. Therefore, since modern cool- 
ing equipment makes it convenient to 
accomplish freezing and thawing in the 
laboratory, it is natural that investiga- 
tors of the durability of concrete and 
concrete aggregate should use freezing- 
and-thawing tests in their studies. Such 
tests are being used in an increasing 
number of laboratories. 

The procedure followed in making the 
test in various laboratories has varied 
quite widely as to rate of cooling, rate of 
heating, and moisture condition of the 
specimen. It is only recently that any 
attempt has been made to standardize 
these procedures. 

It has been assumed that the more 
rapidly temperature changes are accom- 
plished, the more destructive the effect 
produced. So far as this author has 
learned no extensive work has been done 
to determine the effects of variations in 
procedure upon the results of the test. 

It is obvious that no practical labora- 
tory test for durability can duplicate 
natural weathering conditions. How- 
ever, the real value of any durability 
test will depend upon the reliability 
with which predictions can be made 
from the results obtained. It is hoped 
that in the standardization of such a test 


1 Engineer of Materials and Tests, Iowa State Highway 
Commission, Ames, lowa. 
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the probable effects of possible Varia- 
tions in method will be studied to the 
end that the test as finally standardized 
will provide a reliable basis for predicting 
the relative durability of concrete and 
concrete materials. 

This paper reports a few data which 
may be of Some value in such studies, 
They seem to indicate that while the 
destructive effect of freezing may be 
proportional to the rate of cooling, the 
effect of heating may be more nearly 
inversely proportional to the rate at 
which the temperature is raised. 
Object: 

This study made by the Iowa State 
Highway Commission had two objec- 
tives: 

1. To determine the effect of some 
variations in method of freezing and 
thawing upon the strength and degree 
of surface disintegration of mortar 
specimens. 

2. To determine which of the methods 
used is most nearly comparable in effect 
to that of natural exposure. 

The second phase of the problem, 
which involves the exposures of spec- 
mens out of doors to be tested later, will 
require several years and, cannot be 
reported upon at this time. 


Scope: 


Four different methods of freezing 
and-thawing treatment were appliet 
to groups of mortar prisms representing 
three brands of cement. The propor 
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tions, kind of aggregate, water-cement 
ratio, curing treatment, and age were 
the same for all specimens. The effect 
of 100 cycles of each method upon the 
flexural strength, compressive strength, 
and weight of the specimens was deter- 


OF 
mined. 
TABLE I.—SIEVE ANALYSIS OF SAND. 
Passing, 
Sieve per cent 
hich 
dies. TABLE II.—SOUNDNESS TESTS OF SAND. 
the 
Weighted 
Numbei 
r be Method of Alter- | Average 
“arly Sodium sulfate................. 5 1.350 
e at Magnesium sulfate............. 5 1.897 
Freezing and thawing 16 | 1.691 
TABLE III, MINE RALOGICAL aia OF 
SAND, PER CEN 
tate Retained | P. g 
etaine assin 
bjec- on No.16 | No.i6 | Whole 
| Sieve | Sieve 
some 81.2 65.2 
d Chert : 2.8 0.8 1.4 
an 25 D2 0.7 
Shale... 0.1 
pgree 1.0 0.3 
uartzite 0.4 1.9 
ortar elds 8.1 6.9 7:3 
Granite rock 21.3 4.0 8.8 
Basic rock. 34.0 4.9 13.0 
hods Felsite 6.3 1.8 
em, 
bl | Time of Setting, Vicat 
spect: Method, hr.: min. 
Initial Final per cent 
| 2:50 4:20 | 24.5 
2:25 4:35 24.5 
5:40 
eZINg Size and Composition of Specimens: 
yplied 
ie The specimens were 2 by 2 by 14-in. 
prisms. he WwW 
‘oper eight proportions were 
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TABLE IV.—PHYSICAL TESTS OF CEMENTS. 


one part cement, two parts sand, 0.422 
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parts water. The aggregate was a 
durable natural sand. Tables I, II, and 
III show characteristics of this sand. 
The cements were normal portland 
cements of brands commonly used in 
Iowa. Tables IV, V, VI and VII give 
the results of tests of the cements. 
There were 3 specimens for each cement 
for each method of treatment, making a 
total of 36 frozen and thawed. 


TABLE V.—OXIDE COMPOSITION OF CEMENTS. 


| 
Loss on Oxide Composition, per cent 


Cement \Ignition 
| 


SiOz | Fe2Os| AlzOz| CaO 
21.60 3. 48 | 4.14 | 64.74 
19.68] 2.37 | 6.55 | 63.76 
20.08) 2.74 | 4.18 | 63.74 


SO: 


1.80 
1.74 
1.60 


MgO 


3.01 
3.65 
4.10 


TABLE VI.—COMPUTED COMPOUNDS OF 
CEMENTS. 


Calculated Compound, per cent 


CaSOu 


3.1 
57.0 2.9 
2.9 


TABLE VII.—AUTOCLAVE EXPANSION OF 
CEMENTS. 


Expansion During 5 hr. in Autoclave 


— (3 hr. 420 F.) 


First Cycle Second Cycle | Third Cycle 
+0.123 
+0.839 
+0.250 


+0.086 
+0.647 
+0.180 


+0.146 
+0.925 
+0.297 


Tensile Passing, per cent Agen, 
| Wegner, 
sq. cm 


20 days |No.200 Sieve|No.325 Sieve 


95.1 


Curing Treatment: 


At the beginning of the freezing-and- 
thawing treatment the samples were 12 
months old. They had been cured in 


| 
} 
U.94 
Cement 
352 422 91.2 | 1690 
398 468 89.4 | 1600 
335 442 92.9 | 1670 
\ 
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the molds in a moist closet for one day, between each side of the prism and the 
in water for three months, and in moist corresponding wall of the container was 
air for 9 months. maintained by short sections of 4-in, 
rubber tubing fastened to the specimen 
with cotton string. The same space was 
maintained below the bottom of the 
specimen in the same way. The can 
and spacing device are shown in Fig. |, 

Freezing was accomplished by placing 
the container in a circulating cooling 
solution maintained at a temperature 
between —10 and 5F. The depth of 
immersion was such that the top of the 
specimen was 2 in. below the level of the 
cooling solution surrounding the con- 
tainer. In two of the methods of 
thawing (methods A and C), the con- 
tainers were fully immersed in a water 
bath the temperature of which was 
automatically controlled at 65 to 70F. 
In method B the container was exposed 
to the air in the laboratory. 

In method D the container was 
immersed in the water bath to such a 
depth that the top of the specimen was 
2 in. below the level of the water but no 

- water entered the container. Table 
te _ VIII shows an outline of these methods 


Fis. ates 4 Container and Method of 224 Sives rates of change of temperature 
Spacing Specimen in Container. of the specimens. 


TABLE VIII.—_OUTLINE OF FREEZING-AND-THAWING METHODS. 


Freezing Thawing 
|Method Method Method |Method| Method |Method |Method 
Space between specimen ory | 
Water | Water | Air Air | Water | Water | Water | Air 
Container surrounded by.. TARE SEE Cooling solution Water | Lab. Air | Water | Water 
Time required for 60-deg. ‘temperature | 
change, min. 37 37 142 142 34 211 | 26 14 
Time required to cool from 70 to 30 F., min.. 17 17 49 49 ” te Sia ose 
Time required to warm from 0 to "32 Tus 


Figure 3 shows time-temperature curves for the various methods of treatment. 


Freezing-and-Thawing Methods: At the end of each 10 cycles, the spec 


During the freezing and thawing each ™ens subjected to method D wer 


specimen was contained in a 2.5 by 2.5 Soaked for 24 hr. in water at 70 F. with- 
by 18-in. metal can with its long axis out being removed from the containet 
vertical. A uniform space of 0.25 in. The water was poured from the can a! 
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the end of the soaking period. At the 
end of 50 cycles the specimens were 
removed from the containers and their 
ends were reversed. At this time it was 
discovered that a considerable quantity 
of water had condensed in the bottom of 
the can during the 10 cycles between 
soaking periods. This caused a great 
difference in conditions between the 
lower end of the specimen and the 
remainder of its length. During the 
last 50 cycles the condensed water was 
removed after each cycle. The appear- 


Ly Rewnived for 

60-deg. Temperature 

> 7 Method of Change, min. 

Treatment 

37 | «4 19 
37 211 14 
142 26 95 
142 144 100 
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Flexural 


TABLE X.—EFFECT OF 100 CYCLES UPON WEIGHT. 


Time Required | 


Method} ce | Loss in Weight, per cent 

0 

Treat- Change, min. 

Freezing |Thawing Coment } Cogent 
| 37 34 2.46 6.15 3.94 

> 37 211 8.73 17.51 19.27 

142 26 0.14 0.11 0.09 
142 144 2.10 4.00 4.94 


ance of the specimens at the end of 100 
cycles of the four methods is shown in 
Fig. 2. 


Tests After Freezing and Thawing: 


At the completion of the last cycle 

the specimens were soaked in water at 
70 F. for 24 hr. They were then re- 
moved from the containers, washed, 
weighed and tested as simple beams, 
loaded at the one-third points with a 
span of 12 in. between bearings. The 
broken ends of the beams were capped 
with neat cement and tested in compres- 
sion as modified cubes. 


ys 


- 


Results: 


Table IX shows the effect of 100 cycle 
of each method upon strength. The 
values given are the strengths of the 
specimens at the end of the treatment 
expressed as percentage of the strength 
of similar specimens of the same age 
that had not been frozen and thawed. 
Table X shows the degree of surface 
disintegration caused by 100 cycles of 
each treatment. The values give nare 
the losses in weight expressed as per. 


TABLE IX.—EFFECT OF 100 CYCLES UPON STRENGTH. 


Percentage of Normal Strength 


Compressive 


Freezing | Thawing | Cement X | Cement Y | Cement Z | Cement X Cement Y Cement Z 


51 15 41 50 31 
19 4 38 3 
91 47 99 | 101 69 
93 55 99 | 100 83 


centage of the original weight of the 
specimen. The losses in weight for 
method D are not typical for this method 
since one end of the specimen was 
exposed to more or less water during 5) 
cycles. The effect of this moisture is 
shown in Fig. 2 (d) where the upper ends 
of the specimens show serious surface 
disintegration while the remainder of the 
specimen shows little or no loss. 


Discussion of Results: 


The results reported in Tables IX ani 
X indicate the following: 

1. Flexural strength is more sensitive 
than compressive strength to variations 
in method of freezing and thawing. 

2. Rapid cooling combined with slow 
heating caused the greatest loss of bot! 
weight and strength. 

3. Variations in the rate of cooling ha! 
a greater effect than the rate of heating 
upon loss of strength. 

4. The indicated relative durability 
of the mortar produced from the differ 
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ent brands of cement depends upon the 
method of test. 

Flexural strength data for methods A 
and B indicate that cement Y produces 
mortar considerably more durable than 
cement X, whereas the same data for 
methods C and D indicate that the 
mortar made from cement X is slightly 
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ture of about 32 F. during the thawing 
cycle. 


Conclusions: 


The results of this study seem to lead 
to the following conclusions: 

1. In order to secure comparable 
results from freezing-and-thawing tests 


80 
Pi (b) Method B 

(a)Method A 
40 Temperature of 

Cooling Solution 
20 SF. Cooling 

olution 5F. 
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\ (d)Method D — 
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Cooling Solution — Solution 
20 IK 
/ 
0 "4 / 
Temperature of Cooling Temperature of Cooling 
Solution ~5F. Solution -5F. 
-20 | | | | 


O 40 80 120 160 200 


Length of Time, min. 


Fic. 3. 


more durable than that produced from 
cement Y. All the data for strength 
indicate that cement Z produces mortar 
much less durable than either of the 
others. However, method A_ caused 
almost twice as much loss in weight for 
cement Y as for cement Z. 

A study of Fig. 3 with Table X in- 
dicates that the loss in weight was ap- 
proximately "proportional to the time 
the specimen remained at a tempera- 


O 40 80 120 160 200 240 


Rate of Freezing and Thawing. 


it is necessary that the conditions of tests 
be controlled carefully. 

2. If slight differences in effect are 
taken as indications of the relative 
durability of mortars or one of their 
constituents the conclusions reached are 
likely to depend upon the details of the 
method of test. 

3. It is highly desirable that extensive 
work be done in an effort to correlate 
the effects of laboratory freezing and 
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thawing with the effects of natural 
weathering and to determine what 
laboratory method gives results most 
nearly parallel to those of natural 
weathering. 
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SELECTION OF AGGREGATES FOR CONCRETE PAVEMENT BASED 
ON SERVICE RECORDS 


By Curtis CANTRILL! AND Louis CAMPBELL! 


This paper presents the service record of various aggregates as indicated 
by a concrete pavement condition survey. The purpose of the investigation 
was to determine (1) aggregates having unsatisfactory service records, and (2) 
standard tests which would eliminate future use of these aggregates. 

The condition survey consisted of a classification of all types of cracking and 
surface disintegration, which was then correlated with construction data and 
laboratory tests. Analyses of the data established aggregates having un- 


satisfactory service records. 


Examination of the concrete in which certain aggregates were incorporated 
showed that a large decrease in flexural strength had occurred. This con- 
dition was especially noticeable in chert gravel pavement after a period 


of exposure varying from 2 to 5 yr. 


mens manufactured from chert gravel and subjected to 40 cycles of freezing 


crease in flexural strength as high as 100 per cent was observed for specimens 
containing chert gravel obtained from the Tennessee River, 15 miles above 
the mouth. Chert gravel from the Cumberland River at Clarksville, Tenn., 
showed results slightly better. This material has successfully passed all 


standard tests for soundness and wear. 


Field specimens of chert gravel con- 


crete have always passed the usual strength requirements. 

This investigation indicates that failure and disintegration of concrete 
pavement throughout the western part of the state resulted from the use of 
chert gravel obtained from the Tennessee and Cumberland Rivers and that 
the fine aggregate did not contribute to this failure. Chert gravel may be 
eliminated by standard tests outlined in this paper. 

Crushed sandstone resulted in satisfactory pavement when used with Ohio 
River sand, whereas when used with sand manufactured from sandstone it 


resulted in unsatisfactory pavement. 


Previous to July 1, 1937, the Ken- 
tucky Department of Highways con- 
structed 183 projects, or approximately 
1100 miles of concrete pavement. A 
number of the projects have given ex- 
cellent service while others have failed, 


Senior Materials Engineer, and Materials Engineer, 


fort Kyo” Kentucky Department of Highways, Frank- 


a 


Flexural tests on laboratory speci- 
and thawing in the presence of water substantiated this observation. A de- 
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necessitating expensive replacements. 
Failures due to subsoil conditions, drain- 
age, etc., have occurred but have been 
eliminated from the comparisons of the 
service record of aggregates. The pre- 
dominant failures take the form of pro- 
gressive scale followed by disintegration 
of the concrete. This investigation was 
undertaken in an effort to eliminate, or 
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Fic. 1.—Disintegrated Pavement. 
Map cracking well developed. Tennessee River gravel—O.R.B.T. sand. Age, 5 yr 


Fic. 2.—Bates Type Pavement. 
Note markers at transverse cracks. This Project on the basis of the survey is the best that has been constructed by 
the Department of Highways. Length, 10.12 miles. Average transverse crack count, 49 per mile. Age, 6yr. Cru 
limestone, O.R.B.T. sand. 
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PAVEMENTS 


Fic. 3.—Bates Type Pavement in Excellent Condition. 
Ohio River gravel, Ohio River sand. Age,5%yr. 


Fic. 4.—Construction Joint, Tennessee River Gravel on Left and Ohio River Gravel on Right. 
Ohio River sand used in both concretes. Age, 8 yr. 
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reduce to a minimum, future concrete distantly separated sources in the Ohio § ing di 


pavement failures. River. The first source of Ohio River § form 
Crushed materials used in pavement material was approximately one mile be. JB and af 

construction were limestone which is low the mouth of the Tennessee River cracks 

prevalent throughout the state, and the material hereinafter being referrej from t 


eastern Kentucky. sandstone. Un- to as O.R.B.T. sand. The second §& initial 
crushed Ohio, Tennessee, and Cumber- source was near Henderson, Ky., o J anothe 


land River materials were used. The approximately 100 miles upstream from in whi 
Ohio River material was obtained be- the first. struct 
tween Huntington, W. Va., and Padu- The aggregate combinations that had [J condit! 


cah, Ky. Tennessee and Cumberland been used in the unsatisfactory pave. 


River materials were obtained in the ment were as follows: = 
western Kentucky area only. Tennessee River gravel, O.R.B.T. 
An extensive condition survey of the sand (Fig. 1), 
existing pavement was started during Tennessee River gravel, Ohio River 3 
1937 and completed in 1938. A sep- sand, and A 
arate data sheet, divided into sections, Cumberland River gravel, Cumber- ras 
was compiled for each paving project. land River sand 5 |: 
The first section contained construction In the same area are 145 miles of con- 1.06 4 
data and laboratory tests, and the crete pavement varying in age from4to B %7) ; 
second a tabulation of the condition 7% yr. which was classed as satisfactory. B32! | 
survey. The condition survey con- Aggregates used in this pavement were 1.23) § 
sisted of a classification of all types of crushed limestone, Ohio River gravel, 5.10 
cracking and surface disintegration. O.R.B.T. sand, and Ohio River sand. na | 
Projects were divided into one-mile Aggregate combinations that had been 9.96) 
. sections for convenience in surveying. used in the satisfactory and durable § {i}; | 
Distances were measured with a Stewart- pavement were as follows: 5.09) | 
Warner Odometer calibrated in feet. Crushed Limestone, O.R.B.T. sand | 
Analyses of the completed data sheets (Fig. 2), 2.50 
constitute the basis of this paper. Crushed Limestone, Ohio River sand, 2.56 | 
In addition to the field survey, a series and Gan 
of laboratory tests were made on aggre- Ohio River gravel, Ohio River sand Bis 
ates from representative sources, and (Fig. 3). 18.29 1 
on concrete beams in which these aggre- One project was constructed using cael 
gates were incorporated. only Ohio River sand in combination 
with gravel from the Tennessee and All p 
SURVEY SUMMARY Ohio Rivers. The section in which a 
Located in the western part of the Tennessee River gravel was incorporaed wigs 
state are 59 miles of concrete pavement failed, while the section in which Ohio a. 


which were classed as a major failure River gravel was used has a satisfactory non 
from the survey. The age of this pave- ‘S€Tvice record (Fig. 4). Another pro 


ment varies from 2 to 7 yr. Coarse ject contained crushed limestone, Tet- te 
aggregate used in all of the separate messee River gravel, and Ohio River ma 

projects was obtained from the Tennes- gravel with the same sand and cement ea 
see and Cumberland Rivers in the west- throughout. Failure resulted for the B 4, . 
ern Kentucky area. Fine aggregate Tennessee River gravel section only B of ., 


was obtained from the Cumberland By comparing pavements of different 
River in western Kentucky and two ages we find the following facts concett 


ad 
q 
vai 

=} 

a? 

j 


ing disintegration. ‘Transverse cracks 
n the newly laid pavement, 
and after a certain period small map 
cracks form, radiating in all directions 
from the transverse crack which is the 
After 
another period, progressive scaling sets 
in which is closely followed by general 
The 
condition outlined requires different 


form 1 
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initial step in disintegration. 


structural failure of the concrete. 


TABLE I.—THE EFFECT OF VARIOUS AGGREGATE 


Vie 
| iv 
Coarse Fine 
Aggregate Aggregate 
28 
ai< | 
2.66 4 | 
2.77) 5 | 
7%{ san 
19.35| 8 || Brave 702 
1.23) 9 |] | 
§.10| 7 Tennessee - 1707 
8 | River [Ohio River)! ‘ss 
gravel | 
9.86/ 4 |) 
22.15| 5 | Crushed \O.R.B.T. 
10.12 6 limestone; sand 
5897 |] 
Crushed (Ohio River 
2.50. M% limestone) sand 
2.56 414 | 
16.87 5% | 3 
25.06 7 — | 3 
14.65 8 | 36 
18.2910 | Crushed (Crushed 27 
sandstone| sandstone 


| Settled Area, sq. 


yd. 


per mile 


| Replaced Area, sq. yd. 


per mile 


| 30 


4 
3 


Crushed Ohio River 55 | 13 
sandstone | sand | 


| 


3 14. 
| 156 17. 
7. 


31 


1 
17. 
16. 


Remaining Miles 


25.05 


59 


92 


35 


periods with different aggregates; 1 to 2 
yt. to show signs of disintegration, and 


3to 5 yr. to break down completely has 
been observed for chert gravel pave- 
ments. Ohio River gravel pavements 
were found to require 4 to 6 yr. to show 
map cracks, with only a very small 
amount of progressive scale developing 


at any age. 


Pavements constructed 
of crushed limestone show practically 


i 
constructed of various aggregates may 
be seen from Table I. 

From the project survey sheets and 
the above, it is evident that Tennessee 
and Cumberland River gravel appeared 

COMBINATIONS ON DURABILITY AND CRACKING, 

(Ss) ua & 190g 8 Ele E 

CAs aslE is ls 

26 #65483 28 Ss Es 

24.8 2.5/16.6 11.1, | | | 6) 2.6) 1.5) 0.8 

25.1, 8.0 | 16.9 | 7.6 3, 132| 111| 9.7| 2.9) 3.4 

35.6 2.8 | 28.7| 6.2, 92; | 7.6) 1.512.4 

43.7, 6.5 | 30.1| 3.3, 16, 3 10| 5.1| 1.2| 4.2 

32.6 14.4 | 33.4| 5.6 17| 14 | 934) 2.5! 4.0 

17.8, 16.1 | 23.5 11.1 2023) 182 98) 1.6) 2.5.12.3 
| | | 

16.9. 1.0 | 57.1 | 4.0, 372) 239, (1029) 2.2) 1.2) 4.7 

32.3 14.6 | 48.4 | 5.1 137) 61) 37) 2.2) 2.5 

| | | | 

104.7, 1.1 2| 0.1 

101.5 19.5 | 2.0 1.1| 0.1 

107.7, 24.1 5} 0.5 

110.0 6.1 6| 0.7 

98.0 31.4 | 20.7 4) 0.9 

100.7. 10.0 | 18) 0.4) 1.4 

94.3 50.0| 4.0 30) 0.4 

| 

22.3 3.6 73) 1.8! 0.6 

32.7 7.0| 7.4) 0.4 13, 1.7| 0.5) 0.6 

39.1 3.2/0.3 23) 2.4) 0.4) 0.8 

43.0 15.6 | 23.6 | 0.2 58 1.0) 0.3, 2.0 

36.9 11.0| 20.0'1.8 3 | 65 42) 1.1 

49.5 13.2 | 83.6/ 1.0 1) 100 37) 2.2| 0.7) 

52.5 15.8 | 11.9 9 2.3 


no sign of disintegration at any age. 
The only trouble found in limestone 
pavement is directly traceable to a high 
percentage of shale. The comparative 
durability and cracking of pavement 


as coarse aggregate in all major pave- 
ment failures occurring in western Ken- 
tucky, and that the fine aggregates did 
not contribute to this failure. Fine 
aggregate obtained from the Ohio River 
either above or below the mouth of the 
Tennessee River is a well-graded quartz — | 
material and has been used success-— 
fully with limestone or Ohio River 


gravel. 
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Crushed Sandstone Fine and Coarse 
Aggregate Results in Unsatisfactory 
Pavement: 


An experiment was conducted to de- 
termine the desirability of eastern Ken- 
tucky sandstone as an aggregate for 
concrete pavement. The native sand- 
stone used was composed of a silica sand 
with an iron oxide cement. Deval 
abrasion tests on this material gave an 
average value of 6 per cent, and tough- 
ness tests an average value of 8. 

Projects were constructed using 
crushed sandstone for both fine and 


TABLE II.—PROPERTIES OF AGGREGATES FROM 
REPRESENTATIVE SOURCES. 
All Tests are Prevailing A.S.T.M. Standards or 
Tentative Standards 


Cumberland 
River Gravel 
Ohio River 
Gravel 
| Tennessee 
River Gravel 


| 
cr 
. 
| Limestone 


Deval abrasion*... 

Los Angeles abrasion”... 

Soundness 5 alter. 

Sodium sulfate, per cent 
weight loss? 

Soundness 5 alter. 

Sodium sulfate ledge rock 


on 


an 
an 


w 
~ 
— 

~ 


O.K. | O.K. | O.K. 


* Average of tests 1928 to 1938. 
Average of 30 tests on each aggregate. 


coarse aggregate. A total of 18.29 
miles of pavement was constructed, 0.37 
miles of which were classed as broken 
and replaced area. Natural transverse 
cracks averaged 107 per mile, 13 per 
cent of which was raveled or spalled, 
84 per cent scaled, and 1 per cent show- 
ing initial disintegration. Progressive 
scaled area averaged 100 sq. yd. per 
mile. Blowups averaged 0.4 per mile. 
This pavement has a satisfactory nat- 
ural transverse crack interval. How- 
ever, the large amount of disintegration 
and failure occurring in 10-yr. pavement 
are factors that condemn the use of 
sandstone when used for both fine and 
coarse aggregate. 


6. 


CANTRILL AND CAMPBELL 


Crushed Sandstone Coarse Aggregate anj 
Ohio River Sand Fine Aggregate Re. 
sulis in Satisfactory Pavement: 


The total mileage constructed using 
crushed sandstone as coarse aggregate 
and Ohio River sand as fine aggregate 
was 7.94; 0.08 miles of which wer 
classed as broken, settled, and replaced 
area. An average of 81 natural trans. 
verse cracks per mile occurred in this 


TABLE III.--ANALYSIS OF AGGREGATES FROM 
REPRESENTATIVE SOURCES. 

Norte.—Analysis per cent by weight. The sandston: 
have iron oxide, silica, calcium, carbonate, or clay ¢ 
menting material. 

TENNESSEE RIVER GRAVEL MINERALOGICAI 

Sound chert 
Weathered chert..................... 28.8 
(Quartz 
Quartzite 
Sandstone 


RIveR GRAVEL MINERALOGICAL 
Granite 
Quartzite........ 
Sound chert... . 
Basalt-Diorite. . 
Sandstone. . 
Ferromagnesiums 
Quartz 
Limestone... . 


CUMBERLAND RIVER GRAVEL MINERALOGICAL 
Sound chert... . 
Weathered chert 
Quartz 
Quartzite..... 
Sandstone. . 


pavement, 35 per cent of which wa 
raveled or spalled, and 24 per cet 
scaled. No progressive scaled area 0! 
blowups occurred. The small amout! 
of disintegration and failure occurring 
11-yr. pavement in which crushed sant 
stone and Ohio River sand were inco 
porated, recommends this combinatic! 
for future construction. 
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al LABORATORY TESTS Approximately 90 per cent of Tennes- 
see and Cumberland River gravel is 
chert. Geological definitions of chert 
vary; however the most widely used © 
defines it as an impure flint and jasper 
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Re. Changing comparison from the ser- 
vice record of pavements to laboratory 
abrasive, soundness, and strength tests 

ising we find chert gravel to be equal to lime- 


Bale stone or Ohio River gravel. with crystals of pyrite and other foreign 
gate Gravel from the Tennessee and Cum- material. The color varies from white | 
were 


laced berland Rivers has passed all standard 


to gray such as found in the Golden : 
laboratory tests for abrasion and sound- 


Pond area of western Kentucky. Chert 


thic mess) The average of tests made on 8ravel the 
& various materials during the past 10 anectp- 
ROM yr. are shown in Table II. and ow gravity. 
Strength tests on chert gravel con- 
istows crete field specimens, with a water ce- enti 
ment ratio of 0.70, show values between » Section 6, and J-hr. boiling etd 
‘ absorption tests, A.S.T.M. Standard 
64.7 TABLE IV.—-COMPARATIVE SPECIFIC GRAVITY AND TABLE V.—PROPERTIES OF AGGREGATES USED 
28.8 IN FREEZING-AND-THAWING TESTS OF 
14 Average of 1937-1938 Tests. CONCRETE BEAMS. 7 
| Bulk tion, 2% 3 
Source of Material Specific | | 
Gravity | Baling 6 
34.8 per cent Material | | Dues 
12.1 Ohio River, Carrollton, Ky 2.68 | 0.7 
11.8 Ohio River, Louisville, Ky...., 2.65 | 0.8 4 288 
11.8 Ohio River, below mouth 
6.5 Green River........ 2.54 2.4 
2.8 Tennessee River, 20 miles up- Gravel. . 2.33) 5.4} 19.2, 7.6 | OK 
2.3 stream from mouth. ..... 2.34 5.3 Cumberland River 
5 miles up 32 | 55 Ohio River Gravel..| 2.67, 0.6 | 20.1, 5.4 | OK 
CAL Stream rom mouth 9.9 Crushed Limestone.| 2.70) 0.3 | 26.8 | 6.0 O.K 
89 Cumberland River, Clarks- 
19 rae 2.44 | 3.5 
27 Limestone, Lexington, Ky...., 2.70 | 0.3 Method C 95 — 36,3 are shown in Table 
11 IV. 
600 and 700 psi. for 28-day flexural In addition to the tests described 
strength, and 3000 to 4000 psi. for 28- above, the behavior of the four types of 
| “ay compressive strength. Similar tests coarse aggregate when incorporated in 
1.4 "Specimens in which Ohio River gravel concrete beams and subjected to freezing 
0.8% or crushed limestone are incorporated and thawing was investigated. Proper- 
~~ show results practically the same. ties of the aggregates used in the tests 
cent AGGREGATE RESEARCH PROGRAM are shown in Table V. 
One shipment of portland cement 
eo or the purpose of the coarse aggre- meeting the usual requirements was 
amoul gate research program laboratory tests used in all beams. Fine aggregate used 
ring! Were made on representative samples of _ 
d sane: crushed limestone, Ohio, Tennessee, 2 Tentative Method of Test for Specific Gravity and 


oa Fi ~ Absorption of Coarse Aggregate (C 127 - 36 T), Proceed- 
> incor and Cumberland River gravel. Min- _ ings, Am. Soc. Testing Mats., Vol. 36, Part I, P8085 (1936); 
also 1938 Book of A.S.T.M. Tentative Standards, p. 651. 


vinatiot  cralogical analyses of these aggregates 2 Standard Method of Test for Absorption by Aggre- 
gates for Concrete (Laboratory Determinations) (C 95 - 


are shown in Table ITI. oe 36), 1936 Book of A.S.T.M. Standards, Part II, p. 330. _ 


1 


throughout the tests was obtained from 
the Ohio River below the mouth of the 
Tennessee River, and had the‘following 
properties: 


‘TABLE VI. 


Bulk specific gravity.................. 2.62 
Sieve Analysis, per cent: 
Passing % in. sieve............ 100.0 
10.4 
Passing No. 100 sieve............... 3.0 


The concrete used in the beams was 


specified as follows: 


Cement factor: 1.5 bbl. per cu. yd. concrete. 

Water-cement ratio: 5.75 gal. per sack, 
correction made for moisture content of 
aggregate. 


CANTRILL AND CAMPBELL 


curing period, because this period ap. 
proximates certain field conditions 
The beams were immersed in water 
and subjected to a freezing period of 16 
hr. at a temperature between —5 F, and 
—10F. After the freezing period the 
beams were thawed in water at 70 F. for 
a period of 8 hr. Flexural tests were 
made on the concrete beams at 14 and 
28 days, and also after 40 cycles of freer. 
ing and thawing. Comparative results 
of these tests are shown in Table VI. 
Concrete pavement constructed of 
chert gravel obtained in western Ken- 
tucky shows signs of disintegration after 
exposure to actual weathering conditions 


SHOWING REDUCTION IN FLEXURAL STRENGTH OF CONCRETE AFTER 40 CYCLES 


FREEZING AND THAWING. 


= 
a 
Fine Aggregate Coarse Aggregate Be 
ss 
a 
Tennessce gravel 582 
. Cumberland River grave 693 
O.R.B.T. sand Ohio River gravel 763 
795 


or ’ Represents a average of 6 tests on neach aggregate. 
Represents average of 4 tests on each aggregate. 


Sand in combined fine and coarse aggregates, 
per cent by weight: gravel mix, 35; lime- 
stone mix, 38. 

Slump, in.: 1 to 2} 

Maximum size coarse aggregate, in.: 2} 

Molding test specimens: Rodded 50 times 
per square foot of area A.S.T.M. Method 
C 78 - 38.4 

Curing: 7 days burlap and water at 70F., 
7 days in air. 

Size: 6 by 6 by 42-in. beams. 

Number of beams: 8 from each type aggre- 
gate. 


The concrete beams were subjected to 


| freezing and thawing after a 14-day 


* Standard Method of Test for Flexural Strength of 


Concrete (Laboratory Method Using Simple Beam with 
Third Point Loading) (C 78 - 38), 1938 Supplement to 
Book of A S.T.M. Standards, p. 11 19. 


| 
| 
| 


5 Bez | 
| OS'S 
see 
| Ss SCH Bus 
he | SS Se | 
| | Saye | | 
| 2a | COUR 
a < a < 
637 7.6 0 8.7 
710 4.6 431 7.8 
810 3.5 610 4.2 
860 2.9 745 3.8 


for a period as short as one year. Beams 
manufactured from this aggregate sh 

a decrease in flexural strength from 35t 
100 per cent when subjected to 40 cycles 
of freezing and thawing in the presence 
of water. The void space in aggregate 
particles and concrete has long beet 
recognized as an important factor in the 
durability of concrete. Highly absorp- 
tive concrete is subject to rapid ds 
integration and failure when exposed t 
weathering conditions. Chert grave 
concrete has an absorption approt- 
mately twice that of the same conctttt 
in which crushed limestone or Ohi 
River gravel is incorporated. Varyilf 


the moisture content and temperature 
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chert gravel concrete produces large 
volume changes, due to the confined 
moisture and the expansive nature of 
the aggregate. The bond is broken per- 
mitting increased absorption and volume 
changes; thus general structural failure 
results. 


CONCLUSIONS 


Based on the investigation outlined, 
the following conclusions have been 
drawn. The influencing factors are 
necessarily those found in our state. 

1. The failure of concrete pavement 
throughout the western part of the 
State was due to the use of chert gravel 
obtained from the Tennessee and Cum- 
berland Rivers in western Kentucky. 

2. With the present methods of pave- 
ment construction, this chert gravel will 
not produce durable pavement. 

3. Chert gravel found to produce 
unsatisfactory pavement in Kentucky 


1 
“1 


may be eliminated by two specifica- 
tions: 

(a) Coarse aggregate shall not show 
an absorption greater than 3 per cent 
when subjected to A.S.T.M. Standard 
Test C 95 — 36. 

(b) Concrete in which any aggregate 
is incorporated shall not show a reduc- 
tion in flexural strength greater than 30 
per cent when subjected to 40 cycles of 
freezing and thawing in the presence of 
water. 

4. Tennessee or Cumberland River 
sand will produce durable pavement 
when used with Ohio River gravel or 
crushed limestone. 

5. The use of sandstone as both fine 
and coarse aggregate resulted in unsatis- 
factory pavement. 

6. The use of sandstone and Ohio 
River sand as aggregates resulted in 


satisfactory pavement. 
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Mr. STANTON WALKER.'—The paper 
by Messrs. Cantrill and Campbell is a 
valuable contribution to the literature of 
concrete. It presents what to my per- 
sonal knowledge is an accurate picture 
of a most serious problem which con- 
fronts concrete engineers in some sections 
of the country. While the authors have 
emphasized that the conditions which 
they describe apply only to certain chert 
gravels used in certain sections of 
Kentucky, I wish to emphasize that fact 
further by pointing out that there are 
good chert gravels and bad chert gravels 
just as there are good and bad aggregates 
of other mineral composition. 

There is no ignoring the fact that 
certain cherts perform poorly and that 
certain chert gravels have given a bad 
or “spotty” service record. However, 
engineers in their enthusiasm to safe- 
guard the quality of materials must not 
overlook the fact that long and satis- 
factory service records have been 
experienced with many, probably most, 
of the chert gravels produced by estab- 
lished plants and with most of the gravels 
not predominating in chert but contain- 
ing substantial quantities of it. It 
should be understood that cherts may 
be good and they may be bad, and that 
it is only excessive quantities of bad 
chert that need to be guarded against. 

Chert is a term that is loosely used by 
most engineers and many geologists, and 
there are a number of theories concern- 
ing its origin. As most commonly 
known, it is associated with chalk and 


1 Director of Engineering, National Sand and Gravel 
Assn., Washington, D. C. 
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ak 


limestone deposits, and is often referre 
to as an impure flint. However, th 
application of the term has been broa 
ened, particularly among engineers, 
that the tendency is to include almost 
any rock composed of microcrystalline 
or cryptocrystalline silica. Cherts, up- 
der any such broad definition, vary 
greatly in physical characteristics. They 
range from hard, dense, flint-like parti- 
cles to lightweight porous particles 
They are of a variety of colors, including 
white, gray, brown and others, th 
color coming from impurities present i 
small quantities. Basically, micro 
crystalline silicas are sound and durable 
minerals, but porous and _ impure 
particles may disintegrate under free 
ing and thawing in a saturated conditior 
or change in volume sufficiently to dis 
rupt the concrete. 

The Tennessee River is an example oi 
a source of gravels which are predomi 
nantly chert. Those gravels vary widel} 
in physical characteristics, and a larg 
proportion of them have provided exce!: 
lent service records in concrete. Com: 
prehensive information on the variations 
in physical characteristics of gravel from 
the Tennessee River is given in a pape 
by Spain and Rose? which covers é 
study of Tennessee River gravel from 
a number of widely separated pois 
between Chattanooga and the moult! 
of the river. It shows a wide range 
the proportions of sound and weathert 
chert with the proportion of weather 


2 E. L. Spain, Jr., and N. A. Rose, “‘Geological Stu 
of Gravel Concrete Aggregate of the Tennessee Rive, 
Technical Publication No. 840, October, 1937, Am. Ins 
Mining and Metallurgical Engrs. 
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chert increasing, in general, as the mouth 
of the river is approached. For ex- 
ample, the ratio of sound to weathered 
chert was found to be only about 2 to 1 
some 25 miles above the river mouth, 
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Concrete Pavement in Tennessee, Built in 1928. Coarse aggregate was chert gravel. 


and about 7 to 1 some 220 miles from 
the mouth. 

There is a considerable amount of 
other information to indicate that all 
chert gravels cannot be classed in one 
category any more than all limestones, 
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for example, can be placed in a single 
class. What is needed for that material, 
as for others, is a method for distinguish- 
ing between sound and unsound materi- 
als. Perhaps the absorption test, to— 


which the authors refer, is the answer. 
Certainly different chert gravels vary 
widely in absorption and also in specific 


gravity. Tests carried out in the labora- 
tory of the National Sand and Gravel 
Association Research Foundation at the 


4 . 
Fic. 1.—Concrete Pavement in Missouri, Built in 1929. Coarse aggregate was chert gravel. sa es 
ma | 
FC, 2, — 


_ University of Maryland have shown bulk _ parable ranges and, in general, it woul; 
specific gravities of chert gravels from appear that unsatisfactory service tec. 
different sources to range from about ords are most prevalent where the 


gravels of low specific gravity and high 
ee absorption were used. 
As stated previously, many chert 
gravels have long and honorable service 
records. The accompanying Fig. 1 is 
a view of Route 30, Section 78, St. Louis 
County, Mo., built in 1929 with chert 
gravel from the Meramec River as 3 
coarse aggregate. No signs of disinte- 
gration are evident other than the 
normal transverse and longitudinal 
cracking. In general, the road is i 
excellent condition. Figure 2 is a vier 
of a concrete road in which chert gravel 
was used as the coarse aggregate, built 
in Tennessee in 1928; Fig. 3 shows some 
1931 construction in Tennessee; and Fig. 
4 shows 1934 construction with concrete 
made from two different chert gravel. 
I have in my files photographs showing 
conditions similar to those cited by the 


Fic. 4.—Concrete Pavement in Tennessee, authors. bu these pit: 
Built in 1934. Concrete made with two differ- 


ent chert gravels shown in view. tures to illustrate that good chert grave 
may be used to make good concrete. 
2.5 to 2.3 or lower, and selected particles It will be recognized that there at 


to have specific gravities as low as about factors other than the quality of the 
2.0. Absorptions have shown com- coarse aggregate affecting the quality 
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Fic. 3.—Concrete Pavement in Tennessee, Built in 1931. Coarse aggregate was chert gravel. 
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the concrete. Even in those areas 
where chert gravels with a bad to spotty 
service record have been used, we find 
sections of roads which are in perfect 
condition made from the same material 
as those sections which have disinte- 
grated. There is some reason for those 
differences, even though we cannot 
identify them. Something was done to 
the concrete that went into the perfect 
sections that was not done to that going 
into the disintegrated sections. We 
should find out what that “‘something” 
Tue CHARMAN (Mr. A. T. Goldbeck*). 
—There is one point that was very 
interesting to me in the paper, namely, 
the comparison between laboratory tests 
and service behavior. For instance, in 
the table giving test results, the loss in 
the sodium sulfate test for the limestone 
was something over 12 per cent, and 
there are many specifications that do 
not permit as high a loss as 12 per cent. 
In other words, the limestone might be 
considered as unsound, and yet in service 
it gave excellent results. On the other 
hand, the sodium sulfate test, when 
performed on the chert gravel, gave a 
very low percentage of loss, and yet the 
chert gravel concrete roads did not give 


+ Engineering Director, National Crushed Stone Assn., 
Inc., Washington, D. C. 


good service results. Here are two very 
clear-cut cases where the sodium sulfate 
test has not given a reliable indication of 
the soundness of the material. 

Mr. W. F. KELLERMANN.‘—I believe 
it would be of interest if the authors 
will give some of the details of the test 
procedure followed in making the freez- 
ing-and-thawing test. I should be par- 
ticularly interested in knowing the 
thawing temperature, the minimum tem- 
perature reached, and the length of time 
required for freezing. 

Mr. Curtis con- 
crete beams were subjected to freezing 
and thawing after a 14-day curing period, 
because this period approximates cer- 
tain field conditions. The beams were 
placed in water-filled containers, and 
subjected to a freezing period of 16 
hr. at a temperature between —5 F. 
and —10 F. No thermocouples were 
placed in the specimens. Temperature 
during the freezing period was deter- 
mined by thermometers suspended in 
the refrigerator. After the freezing 
period the beams were thawed in water 
at 70 F. for a period of 8 hr. 


4 Associate Materials Engineer, Public Roads Ad- 
ministration, Washington, D. C. 

5Senior Materials Engineer, Kentucky Department of 
Highways, Frankfort, Ky. 


rec- 
the 
] 
th 
éwk 
= 
lity 
| 


chang’ 
from 


constr 
from 
Asa 
“DEGRADATION OF AGGREGATES UNDER ROAD ROLLERS — 
By Titton E. SHELBURNE! numbe 
aggreg 
SYNOPSIS 
rollers 
This paper reports data on the degradation produced by 5-ton and 10-ton ticipat 
rollers in compacting typical uncoated surface treatment aggregates both on a aggre 
bituminous mat and on a concrete base. Several gradings of six limestones, gates 
four crushed and four uncrushed gravels, and one blast-furnace slag were Addit 
tested. Data are also reported showing the relationship between degradation peeve 
_ of aggregates under rollers and losses obtained in the Los Angeles tests. — 
_ The rollers showed a tendency to break down the large particles into smaller . cont 
ones without producing much dust, while in the Los Angeles rattler breakage Gol 
was noticeable on all sizes of particles, producing a greater quantity of dust. found 
The rating of the aggregates by the roller tests was approximately the same lerent 
as by the Los Angeles tests. At 100 revolutions in the rattler, the abrasion under 
losses were of the same order of magnitude as the losses produced by seven their 
round trips under the rear wheels of the 10-ton roller on the rigid base; how- count 
ever, at 100 revolutions the amount of degradation ranged from five to ten to act 
: times greater. The resultant cumulative grading of the aggregates after nounc 
500 revolutions in the rattler represented an approximation of Fuller’s curve. large. 
An average of all tests showed that more than twice as much degradation Lana 
was produced upon the concrete base as upon the bituminous mat. For all — 
the trips on the rigid base, the average work done by the front and rear rollers Macn 
of the 10-ton machine was 40 and 60 per cent, respectively, and 20 and 80 per p labore 
cent for the 5-ton roller. Tests on crushed and uncrushed gravels indicated tures | 
that particle shape influences the amount of degradation, the round uncrushed means 
particles being more resistant to the crushing action of the roller. These tests to rep 
indicated also that chipping aggregates exerted a protective action against : 
degradation when added to coarser covering aggregates and suggested the _— 
possibility that a dense graded aggregate might be relatively free from degra- took | 
dation. From these studies it appears that both during construction and object 
later under traffic, aggregates follow a fixed manner of degrading. The degree pacte 
of degradation depends upon the amount of work done upon them. field 
— made 


A cooperative research project be- were made, and numerous samples welt & tion | 
tween the State Highway Commission of collected throughout the state from bi — —— 
Indiana and Purdue University was es- tuminous surface treatments constructél FR baton 
tablished in June, 1936. Theimmediate in 1935, 1936 and 1937. From field ob B {fii 


‘ problem of importance to the Highway servations and laboratory analyses ¢ re 
Commission was an investigation of bi- these samples, it was found that the x 
tuminous surface treatments. Surveys gradation of the aggregates was in ™ Can 


1 Research E case the same as that originally used ates ig 
esearch Engineer, Joint Highway Research Project, construction. The greater part of the sedi 


Purdue University, Lafayette, Ind. 
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change in grading apparently resulted produced by the Los Angeles abrasion 


fom manipulation and rolling during machine.® 7 % 
construction; a lesser amount resulted ; 
from traffic. DESCRIPTION OF EQUIPMENT 


Asa means of determining the amount 
of degradation produced by road rollers, 
a series of tests was devised in which a 
number of typical surface treatment 
aggregates were rolled on a flexible and 
on a rigid base under 5-ton and 10-ton 
rollers. Since several variables were an- 
ticipated in the use of bituminous coated 
aggregates, only dry, uncoated aggre- 
gates were used in this investigation. 
Additional tests covering bituminous- 
coated aggregates have been outlined for 
a continuation of this study. 

Goldbeck,? Rothgery,*? and Tremper* 
found variations in the resistance of dif- 
ferent types of aggregates to crushing 
under laboratory rollers. In some of 
their tests certain variables were en- 
countered which may not be comparable 
to actual field conditions, such as pro- 
nounced edge effect of narrow rollers, 
large angle of nip, or twisting action in- 
duced by small diameter circular tracts. 
Macnaughton’ also found, in compacting 
laboratory specimens of bituminous mix- 
tures both by direct compression and by 
means of a high-frequency power tamper 
to reproduce field densities, that a large 
amount of crushing of aggregate particles 
took place. In order to eliminate these 
objections, the aggregates were com- 
pacted with road rollers under actual 
field conditions. A comparison was 


Two types of bases were constructed 
and cured one month before using. The 
flexible base, 9 ft. wide by 50 ft. long, 
consisted of a 2}-in. bituminous mat on 
9 in. of compacted pit-run gravel. The 
rigid base, 8 ft. wide by 50 ft. long, was 
a 6-in. concrete slab laid on 6 in. of com- 
pacted pit-run gravel. 

The 10-ton roller (used in series I to 
IV) was an Austin-Western Autocrat 
three-wheel machine. The front roller 
was 45 in. wide, had an outside diameter 
of 43 in., and was rated by the manufac- | 
turer as weighing 170 lb. per lineal inch; 
the rear rollers were 20 in. wide with an 
outside diameter of 67 in., and rated at 
310 lb. per lineal inch. The 5-ton roller 
(series V) was a Huber three-wheel ma- 
chine. The front roller was 37 in. wide 
with an outside diameter of 34 in., and 
rated by the manufacturer as weighing 
94 lb. per lineal inch; the rear rollers 
were 18 in. wide with an outside diameter 
of 513 in. and rated as weighing 244 lb. 
per lineal inch. 

The Los Angeles abrasion tests were 
run by the Bureau of Materials and Tests 
of the State Highway Commission of 
Indiana in accordance with the require- 
ments of the A.S.T.M. Tentative 
Method of Test for Abrasion of Coarse 
Aggregate by Use of the Los Angeles 


made between the am deer tc. “Selection of Rock and Gravel for 
ere amount of ada hway Construction,’ ’ California Highways, Vol. 3, No. 
swe ® tion produced by road rollers and that ipril 1, 1926, pp. 6-11. 
ym bi- 7 re report of California Division of High- 
ways une 13 
ructed A. T. Goldbeck, J. E Gray, L. L. Ludlow Jr. ge 8A. H. Gawith, “The Los Angeles a Tests,” 
Laboratory Service Test for Pavement Materials, Pre Main Roads, Vol. 8, No. 2, February, 1937, 
ald ob- (one m. Soc. Testing Mats., Vol. 34, Part IL, p. 608 *D. O. Woolf and D. G. Runner, ‘ The Sey Angeles — 
f my Abrasion Machine for Determining the Quality of Coarse 
ses 0) J. Rothgery, “Los Angeles Test,’ Rock Aggregate,” Am. Soc. Testing Mats., Vol. 35, 
b reductt, Vol. 39, No. 12, December, 1936, p. 42. Part II, _ 1 (19357. 
at the Bailey Tremper, “A’'Test for of Stone to H. “Significance of the Los 
in ni Weataee During Rolling,” Bulletin No. 17, State of Abrasion Tests as the Measure of the Service Value of 
In BY ington, Department of Highways, December, 1935. Coarse Aggregates,’’ Texas State Highway Department, 
sed it ‘M. F. Macnaughton, ‘ Physical Changes in Ag re- Austin, Texas, December, 1938 
| in Bituminous Mixtures Compaction,” 1D. O. Woolf, “Results of C ooperative Tests Using 
of the py serps Asphalt Paving Technologists, Vol. the ‘a Angeles Abrasion Machine,” Proceedings, High- 
p.7 


way Research Board, Vol. 16, pp. 174-180 (1936). 
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Machine (C 131 
to determining the percentage of wear, a 
complete sieve analysis was made of the 
samples after 100 and 500 revolutions 
using the following standard square- 


37 T)." In addition 
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throughout Indiana. These were grade 
to sizes 8F ({ in. to No. 4) and 11 (4 jp 
to No. 8) of the State Highway Commis. 
sion’s 1936 specification requirements 
With one exception (A-5), the materials 


TABLE I.—IDENTIFICATION AND DESCRIPTION OF THE AGGREGATES TESTED 


Identification Description 
Lithologica) Composition, per cent by weight 
Particles Calcareous Siliceous 
B-1 Glacial pit gravel (100 per cent crushed). sss. 0.0 57.6 25.6 16.8 
B-1.1 Glacial pit gravel (93.2 per cent uncrushed)....... 0.1 73.9 | 11.9 14.1 
B-2 Glacial pit gravel (100 per cent crushed)... ...... 0.0 47.4 | 18.6 4 
B-2.1 Glacial pit gravel (uncrushed)..................... 0.0 50.3 17.4 32 
B-3 Ohio River Gravel (100 per cent crushed)...... _... 0.0 9.0 29.3 61.3 
B-3.1 Ohio River Gravel (uncrushed) 0.3 17.9 | 36.6 45.2 
B-4 Glacial pit gravel (100 per cent crushed)........... 0.1 60.7 7.3 31.9 
B-4.1 Glacial pit gravel (50 per cent uncrushed)......... 0.3 56.0 | 15.0 28.7 
C-1 —_ Blast furnace slag—83 Ib. per cu. ft. 
‘ 


TABLE II, 


SPECIFICATION LIMITS FOR AGGREGATE SIZES. 


| Total Retained on Sieves Having Square Openings, per cent 
| 


34-in. Sieve | 14-in. Sieve | 


44-in. Sieve No.4 Sieve | No.8 Sie 


0 | 40 to 70 9510 100 | 99 toll 
TABLE III.—-TEST PROCEDURE. 
Roller | 
Series Variable | Number’ Average Aggregate 
Round | Speed, 
} Trips | m.p.h. 
I..........| Number of trips 10 | 1to8| 2.38 | A-l and 
IL..........| Type and characteristic of aggregate 10 7 3.59 | A-1, A-2, A-3, A-4, A-5, A-6; B-1, B 
B-3, B-4, and C-1 
Ill ....| Gradation of aggregate 10 7 2.45 | A-2 and B-2 
IV Comparison of crushed and un-| 10 7 2.21 B-1, B-2, B-3, B-4, B-1.1, B-2.1, B-), 
crushed gravel d B-4.1 
Winietnaen Number of trips | 5 | 1to9 1.64 | A-1 and B-1 


mesh sieves: }-in., 3-in., }-in., Nos. 4, 8, 
12, 16, 30, 50, 100, and 200. 


A ggregales: 

rypical surface treatment aggregates 
were collected from different sources 
ba Proceedings, Am. Soc. Testing Mats., Vol. 37, Part 


I, p. 801 (1937); also 1937 Book of A.S.T.M. Tentative 
Standards, p. 590. 


s * 


used are rated as class A by the Con 
mission. ‘Table I furnishes descriptiot 
of the aggregates; the sizes used att 
shown in Table IT. 


ROLLER TEST PROCEDURE 


Table III shows an outline of th 
tests. Both bases were divided at 
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marked into 3-ft. sections of length (Fig. 
1). In each series the base was covered 
hy hand with 40 lb. per sq. yd. of ag- 
gregate. xtreme care was used to ob- 
tain uniformity of surface texture arid 
base coverage. Adjacent sections con- 
sisted of different types of aggregates; 
the same arrangement of materials was 
ysed on both bases. The aggregates 


rolled only by the front rollers. Overlap 
material, compacted by both rollers, | 
was discarded. In each case, except in 
series I, a sample of the edge material, 
not touched by the rollers, was collected 
for each 3-ft. section and used in com- 
parison with the gradation after rolling. 
Complete sieve analyses were made of 
each sample. The plus }-in. material 


SeriesL Effect of Number of Trips -!0-Ton Roller 
8F Aqgregate 40 |b. per sq. yd. 


Flexible Base, Rigid Base 


Number |A/ 


BNANB) Al 


f 


Series IL Effect of Source of Aqgregate-7 Trips-'O-Ton Roller 
8F Aqqregate ~ Ib. per sq. yd. 


BA 


A5\C-/ 


Series Effect of Gradation of Aggregate-7 Trips -!0-Ton Roller 


\% 20\ 35 lb "BF 401b\ 
per sgyd, per sq.yd per sq yd per sq yd 
Ya, 20 \" 11, 4016 “/1,0/b 
per sq yd. per sq.yd. 


"GF,O te, 20! 
ip persg yd, 


“BF, BF 35 30 1b 
| seve per seve er 
Ml, 


Series WZ Effect of Crushed and Uncrushed Gravel - 7 Trips -!0-Ton Roll 
8F Aqqregate 40 Ib. per sq. yd. 


2 


BI 


A-Stone 
8-Gravel 
C- Slag 


Series Z Effect of Number of Trips - 5-Ton Roller 
8F Aqaregate |40 Ib. per sq. yd. 


AN BAA] 


Ki 


A/ 


Number of Trips 3 


Flexible Base | Rigid Base 


1. 


were in a dry condition at the time of 
rolling. 

The roller was run in one direction 
over all the sections and then backed at 
the same speed over the same stretch. 
After each round trip samples were col- 
lected from the end sections and stored 
until sieve analyses could be made. One 
sample acted upon by the rear rollers was 
collected and also one that had been 


General Layout of Roller Tests. 


was sieved by hand; the minus }-in. 
material was sieved for 15 min. in a Ro- 
Tap machine. The samples ranged in 
amounts from 30 to 35 Ib. 

Since one of the fundamental laws of 
crushing states that ‘“The energy required 
for crushing is proportional to the new 
surface formed’’ or “the energy required 


3 P. Ritter von Rittinger, “Lehrbuch der Auf- 
bereiturgskunde,” p. 19, Berlin (1867). 
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is proportional to the reduction in di- 
ameter,’ measurements of the degrada- 


TABLE IV.—SURFACE AREA FACTORS. 
Passing | Retained on | Factor 

%4-in. Sieve. . | %-in. Sieve 2.2 
%-in. Sieve. ... No. 4 Sieve 4.0 
eae No. 8 Sieve 6.3 
No. 8 Sieve... No. 16 Sieve | 13.2 
No. 16 Sieve.... No. 50 Sieve | 30.0 
No. 50 Sieve....... No. 100 Sieve 100.0 
No. 100 Sieve ... No. 200 Sieve 205.0 
No. 200 Sieve Pan 615.0 


Nore.—Assumed specific gravity = 2.65. To correct’ 


6. 


maby gravel (B-1), both size 8F were subjected 


The rigid base is in the background. 


tion produced by roller action were made 
on the basis of the surface area increases 
determined by sieve analyses. The fac- 
tors used for computing surface areas 
are given in Table IV and are for an 
assumed specific gravity of 2.65. These 
values are similar to those used by Eb- 
berts and Johnstone” in which all the 
material passing the No. 4 sieve was 

4 Robert H. Richards and Charles E. Locke, “A Text 
— Ore Dressing,’’ Second Edition, New York City 

6 Alfred R. Ebberts and Hugh Johnstone, “Bituminous 


=e An Introduction to the Art,’’ Pittsburgh, Pa. 
1936). 
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assumed to be spherical, while every. 
thing retained on the No. 4 was assumed 
as one-third cubes and two-thirds paral. 
lelepipeds with sides of 1:2:4 propor. 
tions. This procedure was previously 
discussed by Edwards."® 


Test RESULTS 


Effect of the Number of Trips of a 10-ton 
Roller (Series I): 


A limestone (A-1) and a crushed 


to from one to eight round trips of the 
10-ton roller. Table V shows a sum 
mary of the results. The results 0 
tained on the rigid base were mor 
regular than those on the flexible ont 
The amount of degradation produced by 
the rollers on the flexible base reached: 
maximum after from two to five rout 
trips. For eight round trips on th 
flexible base, the degradation product! 


N. Edwards, “Proportioning the Materials 
Mortars and Concretes by Surface Areas of Agere 
Proceedings, Am. Soc. Testing Mats., Vol. XVII, 

p. 235 (1918). 
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Surface Area Increase. 
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‘Fic. 5.—Degradation of Limestone Produced by Los Angeles Rattler Compared on the Basis 
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by the rear rollers was 63 per cent for 
the limestone and 56.2 per cent for the 
crushed gravel. On the rigid base the 
amount of degradation increased with 
the number of trips. For all passes on 
the concrete slab, the percentage of 
degradation produced by the rear rollers 
was 60.8 for the limestone and 63.2 for 
the crushed gravel. Nearly three times 
as much degradation was produced on 
the rigid base as upon the flexible one. 


Effects of Type and Characteristics of Ag- 
gregate (Series IT): 

The degradation of six limestones, 
four crushed gravels and one blast- 
furnace slag, all size 8F, were compared 
after seven round trips of the 10-ton: 


TABLE VII._COMBINATIONS OF AGGREGATE 
SIZES (LB. PER SQ. YD.). 


Size 11 


Grading Size 8F Total 
No.1 Los Angeles “‘B”’ Grading} 40 
No. 2.. vhias 40 0 40 
Ne. 3... 35 5 40 
No. 4 || 40 


0 40 40 


roller (Fig. 2). A summary of the re- 
sults is shown in Table VI. See also 
Table XIII and Figs. 3, 4, 5 and 6 for 
data permitting comparisons of roller 
breakdown and losses in the Los Angeles 
tests. 

An inspection of the data in Table VI 
shows that for both the rigid and flexible 
bases there was a wide range in ability 
of the aggregates from the different 
sources to resist crushing under the 
roller. Under the rear rollers on the 
rigid base the surface area increase was 
the least for A-3 limestone (230 per cent) 
and the greatest for A-5 limestone (523 
percent). The rating of the aggregates 
from the roller tests was approximately 
the same as from the Los Angeles tests. 
The rear rollers produced from 55 per 
cent (on the flexible base) to 60 per cent 
(on the rigid base) of the total degrada- 
ion. Approximately twice as much 


_ SHELBURNE ON DEGRADATION OF AGGREGATES UNDER ROLLERS 959 


degradation was obtained on the con- 
crete base as upon the bituminous mat. 


Effects of Gradation (Series III): 


Limestone (A-2) and crushed gravel 
(B-2), of the gradings shown in Table 
VII, were subjected to seven round trips 
of the 10-ton roller. 

There was less breakdown with the 
finer gradings than the coarser ones even 
though the original gradations were not 
entirely consistent, due to the difficulty 
encountered in spreading small quanti- 
ties of aggregate (5 or 10 lb. per sq. yd.) 
uniformly. The results are summarized 
in Table VIII. An inspection of the 
data (Table VIII) shows that the change 
in surface area due to rolling appeared, 
on the whole, to increase somewhat with 
fineness of grading, although exceptions 
will be noted. However, in general, the 
percentage change in terms of the 
original surface area decreased with in- 
crease in fineness, thus indicating a lesser 
breakdown. These results indicate that 
chipping aggregate size 11 exerted a pro- 
tective action against crushing when 
added to size 8F covering aggregate. 
This also suggests the possibility that a 
dense graded aggregate might be rela- 
tively free from degradation. In series 
III the breakdown resulting from the 
rear roller on the rigid base was 54.9 per 
cent (limestone) and 57.7 per cent 
(crushed gravel) of the total. The ratio 
of degradation on the rigid base to the 
flexible base was approximately 1.25—a 
lesser amount than found for the first 
two series. 


Comparison of Crushed and Uncrushed 
Gravel (Series IV): 


In this series of tests, size 8F gravels 
from four sources were used and sub- 
jected to seven round trips of the 10-ton 
roller. One 3-ft. section consisted of 100 


per cent crushed gravel, adjacent to a 
section of uncrushed or partially un- 


a 
Us 
Hd 
dole 
0 
) 


SHELBURNE ON DEGRADATION OF AGGREGATES UNDER ROLLERS 


| 
| 
| 
1°09 


O'StZ | $°607 


| 
| 
| 
| 
| 


SII[OY) 
away | 


quad Jad 
‘asvoiuy 


! 


%00t | | %s"0s | 
9°8698 6°6L9¢ | | L°S6FZ, 
| | | | | BOTT | | | T°L6L | | O° 
| L°STOT) S°OLL | Z°OFFT | | L°98 | L°86 | 6°9T6 | | | 8°786 
9° 968 | T°OOET | T°SOOT | | O'EST | FOLOT | FOS | O'LLS | 6°6L8 | 
| | | 9°OZOT | 8°206 | | O°ETT | 8°FS9 | | | 
| L°6TL | | | | | | | | | 
| $°S69 | | | O'FL | 9°90T | F°69S | 
| | | | O'ZES | O'OZT | | F'O9S S*I8Z | 6°8LZ | | Z°ZOS 
SIM[OY | SI[OY | OW | | | | | | 
‘wed | | yg | way | yor | | 
*3 ‘ur bs ot tad *3 OOT Jed ‘wo “bs *3 ooT 


vary 


uo 


ong a 40 


Suypoy 
Suypoy sayy 
Suypoy 493 y 


Suppor 


” 


‘pA ‘bs sad 


‘pA “bs 


“ALY 40 SONIGVUSD NO YATION NOL-O1 ¥ dO aNnnow AO LOAAAA III saraas— 


= 
° = 
4 
+ 
bg 
— 
q 
Az 
| 
| 


961 


R ROLLERS 


JNDI 


sl 


tGATE 


GR 


N OF AG 


ADATIO 


R 


LG 


‘LBURNE ON Dr 


SHI 


| | 20001 | 
9° 897 L°etz | | 7°699 | | 
$°06T 9°LIT | 0°600T | O'SBE | S°IS6 | | 
| F°69LZ 
6° 967 | OFOST | €°998! O°8ZL | I'SSIT | 
9° 897 L°est O° rss | | 
0°9€Z | | | O°L901 | LOT T° t6 
aman 
| | SIP[OY | | | ssapoy | S1I][OY | 
| | | wor | qoly | svay quoly 
quad sad *3 OOT Jod ‘wo ‘bs *3 ‘wo ‘bs! 


pity uo 


| 


AO SISVA AHL NO IAAVAD GAHSAAONA ANV GAHSAN) AO 


*pA ‘bs sod 


OF 


*pA ‘bs 
Jad OF [PAVINH 


| %oo0t 
| _8°089 |_ 
£°60Z | O'fL | | COKE | 
6°StS S6Z | T'06S | | 
| 
| 
8°096 | | | TESS 
word | quoly 
*3 19d ‘wo ‘bs ‘3 001 Jod 


uO 


Nn 
| | 
| 
“~~ = | 


08 | %ootr | | 


| | sd al 


Sts 0° S89 | 6°71 4 sduy ¢ 
| 
oor | | | | | | %srez 


6 

(ra 


CONS 


6 


sduy 193 
“pA “bs sad 
sduy ¢ OF AS 
a3 


as 


“te 
tH 


S225 


OF AGGREGATES UNDER ROLLERS 


St 8° 191 o's 


33 


N+ 
> 


sduy ¢ 


% 


CADCOMANNS 
a7 


Z 
2 
a 
< 
x 


Jad *3 OOT Jad ‘wo “bs 001 Jad *wid “bs quad sod “3 OOT ted ‘bs *3 Jed ‘bs 


ON DEC 


5 


“THAAVAD NYO ANOLSANTT NO YATION NOL-S IO 40 AHL AO LOAAIA AHL—A SAIMAS—X ATAVL 


URNI 


ELB 


SH 


962 


+2 
cate 
I 
; a Series 
3 Series 
Series 
Series 
= Avera; 
Compt 
‘ Series 
Averag 
| Compu 
| more 
exarr 
unde 
grave 
uncri 
this j 


| SHELBURNE ON DEGRADATION OF AGGREGATES UNDER ROLLERS 963 


crushed gravel from the same source. 
The lithological composition of these 
gravels is given in Table I. 

Results summarized in Table IX indi- 
cate that the crushed gravel broke down 


57.6 per cent of the total degradation of 
the crushed gravel and 58.2 per cent of 
the uncrushed gravel. Nearly 2.5 times 
as much degradation was produced on 
the concrete base as upon the bituminous 


TABLE XI.-COMPARISON OF CHECK RESULTS ON MATERIALS FROM THE SAME SOURCE (SEVEN 
ROUND TRIPS OF 10-TON ROLLER). 


Increase in Surface Area, sq. cm. per 100 g. 


Series Materia!s 


Front 
Roller 


On Flexible Base 


Rear 
Rollers 
128.4 
462.4 


186.9 
551.3 


290.3 
310.7 
513.6 


224.7 
339.0 


>> 
' 


143.2 | 
164.9 | 
447.2 


| 


| 


289.8 


361.2 


535.6 
577.0 


| 466.2 
| 
| 287.5 


502.4 
$11.9 | 


TABLE XII. 


| On Flexible Base 


By Rear 
Rollers 


By Front 
Roller | 


Work Done By 10-TON ROLLER, PER CENT 


Series I 


Series II 
Series III 


Series IV 


Computed theoretical amount.................- 


more than the uncrushed gravel. For 
example, the increase in surface area 
under the rear rollers of B-3 crushed 
gravel was 269 per cent, while with B-3.1 
uncrushed gravel from the same source 
this increase was only 143 percent. On 
the rigid base, the rear rollers produced 


Both 
Rollers 


315.3 
1013.7 


433.5 
475.6 
960.8 


514.5 | 
700.2 | 


1001.8 


1079.4 | 
799.4 | 


Done BY 5-TON ROLLER, PER CENT 


Average 
Roller 
Speed, 
m.p.h. 


On Rigid Base 
Rear Both 
Rollers Rollers 


Front | 
Roller 


1456.0 
1643.6 


1419.1 
1450.3 
2121.9 


1260.5 
1361.0 


1614.8 
1552.3 
1478.6 


| 
www we wh wr | 


no 


TEST RESULTS OF DEGRADATION PRODUCED BY FRONT AND REAR ROLLERS 
COMPARED WITH THEORETICAL AMOUNT ON A PERCENTAGE BASIS. 


On Rigid Base 


By Rear 
Roller 


; Aggregate Tested 
By Front | 
Roller | 


A-1 Limestone 

B-1 Gravel (Crushed) 
All Materials 

A-2 Limestone 

B-2 Gravel (Crushed) 
Crushed gravel 
Uncrushed gravel 


60.8 


78.8 
80.2 


79.5 


Limestone 
Gravel (Crushed) 


67.2 


mat. Approximately 1.3 times as much 
degradation occurred in rolling crushed 
gravel as when uncrushed gravel from the 
same source was used. As shown in 
Table I the crushed gravels contained a 
greater percentage of the harder parti- 
cles, yet they broke down more under 


| 
640.4 
I 527.7 891.4 
lV 783.2 1338.7 
| 
II 503.6 756.9 
If 667.3 947.5 | 
ll 655.7 896.6 
| 765.4 713.2 | 
37.1 62.9 39.2 = 
43.8 56.2 36.8 
44.5 55.5 40.1 | 59.9 
tate 54.5 45.5 45.1 54.9 
50.5 49.5 42.3 | 57.7 7 
44.6 55.4 42.4 57.6 
49.5 | 50.5 41.8 | 58.2 
Average... 46.4 53.6 | 41.1 | 58.9 
3 
Average... 26.7 73.3 20.5 
Computed theoretical amount........... ............ 32.8 
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the roller. This would indicate that 
particle shape influences the amount of 
degradation, the round uncrushed parti- 
cles being more resistant to crushing 
under the roller. 


Effect of the Number of Trips of a 5-ton 
Roller (Series V): 


Materials from the same source as in 
series I were used; however, since an in- 
sufficient amount of the B-1 crushed 
gravel was available, B-4 crushed gravel 
was substituted for the last three gravel 
sections. The number of trips of the 
5-ton roller ranged from one to nine, in- 
clusive. Samples were collected after 
one, three, five, seven, and nine round 
trips. Test results are summarized in 
Table X. 

On both the flexible base and rigid 
base the surface area increased with the 
number of trips. Seven round trips 
produced from four to five times as much 
crushing as one round trip. On the 
rigid base the rear rollers were respon- 
sible for approximately 80 per cent of the 
surface area increase. Slightly more 
than twice as much degradation was pro- 
duced on the rigid base as on the flexible 
one. In comparing the 5-ton and the 
10-ton rollers, it was found that when 
limestone was rolled on the concrete 
base, the breakage under the 5-ton was 
from 55 to 80 per cent of that produced 
by the 10-ton roller. 


Comparison of Check Results: 


The tests were designed so that ma- 
terials were duplicated in the various 
series to check results (Fig. 1). Table 
XI shows the comparisons of check re- 
sults. It will be noted that the increases 
in surface area for materials from the 
same source were fairly consistent in the 
various series on the rigid base. As 
might be expected, results were not as 
consistent on the flexible base. It is be- 


lieved that the temperature of the bitu- 
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minous mat at the time of performing the 
tests affected the amount of work done 
on the aggregates. Another factor, the 
slight variation in original surface area of 
the aggregate samples in each test, af. 
fected the correlation of test results. As 
was found from series III, the greater 
the original surface area, the greater the 
increase in surface area. Considering 
inaccuracies which might arise in spread- 
ing, sampling and sieving the aggregates, 
the correlation of test results on the rigid 
base appear sufficiently close. 

As a further check on the accuracy of 
the roller test results, a comparison was 
made between the actual amount of 
crushing done by each roller and the 
predicted amount as computed from 
roller weights and dimensions (Table 
XII). In computing the theoretical 
amount of work done by each roller, the 
amount of compaction under both front 
and rear rollers was assumed to be equal. 
Table XII shows that the average per- 
centage of work done by each roller of 
the 10-ton machine on the rigid base 
checks within one per cent the amount 
predicted from computations. When 
aggregates are compacted on the flexible 
base, some of the work done is trans 
ferred into the base, and a smaller dif- 
ference exists between the amount of 
work done by front and rear rollers. 
With the 5-ton roller, used only in series 
V, the actual and computed amounts of 
work done do not check as closely. This 
may be due to the fact that while the 
5-ton roller is rated by the manufacturer 
as such, yet the total weight is listed as 
6 tons. 


Los ANGELES TEST RESULTS 


The results of the Los Angeles abrasion 
tests are given in Table XIII, and show 
graphically in Fig. 3, both in terms 0 
abrasion loss and surface area increas. 
The percentage of wear or abrasion los 
at 100 revolutions varied from 4 


TABLE NIII. 


RESULTS OF LOS ANGELES ABRASION TESTS. 
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(B-2.1) to 7.0 (A-5), and at 500 revolu- 
tions from 19.24 (B-3.1) to 33.26 (A-5). 
Check results on the same materials 
showed fairly consistent results with a 
maximum variation at 500 revolutions of 
4.24 in percentage of wear (A-1). Figure 
3 shows a fairly good correlation between 
percentage of wear and surface area in- 
crease. However, at 500 revolutions so 
many fines are produced that any slight 
loss of minus No. 200 material affected 
the total computed surface area con- 
siderably. In plotting the resultant 
cumulative gradation of each aggregate 
after 500 revolutions in the rattler, an 
approximation of Fuller’s'’ curve was 
obtained. From this, it would seem that 
almost any sieve size could be used for 
determining the percentage of wear or 
abrasion loss. The action of the Los 
Angeles rattler is that of a crusher and 
consequently follows the laws governing 
crushing. 


Comparison of Roller and Los 
Test Results: 


Angeles 


By plotting cumulative gradings, the 
amount of degradation produced by a 
10-ton roller on the rigid base was com- 
pared with that produced by the Los 
Angeles rattler. Similar relationships 
were found with all types of aggregates 
tested. Typical examples are shown for 
limestone in Figs. 4 and 5. From these 
cumulative gradings, it was found that 
the aggregates rated in approximately 
the same order from both tests. How- 
ever, at 500 revolutions in the rattler, 
five to ten times more surface area was 
produced than by seven round trips of 
the rear wheels of the 10-ton roller over 
the rigid base. The rollers broke down 
the larger particles into smaller ones 
without producing much dust, while the 


17W. B. Fuller and S$. E. Thompson, ‘The Laws of 
Eegportiening Concrete,” Transactions, Am. Soc. Civil 
Engrs., Vol. LIX, December, 1907, p. 67 
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rattler working on all sizes of particles 
yielded more dust. 

These results obtained by these two 
methods of crushing were also compared 
on the basis of abrasion losses (Fig, 6). 
This figure shows that the losses pro- 
duced at 100 revolutions in the rattler 
were of the same order of magnitude and 
in approximately the same relationship 
as those produced by seven round trips 
of the rear wheels of the 10-ton roller 
over the rigid base. The losses at 500 
revolutions were from 3 to 5 times 
greater in magnitude and showed a 
wider range in value for the aggregates, 

CONCLUSIONS 

From the results of these tests, the 
following conclusions are summarized: 

1. More degradation occurred when 
aggregates were rolled on a rigid base 
than on a flexible base. An average of 
all tests showed that 2.3 times as much 
degradation was produced on the con- 
crete slab as on the bituminous mat. 

2. The results obtained on the rigid 
base were more regular than those on the 
flexible foundation, and when materials 
were duplicated in different series, satis- 
factory check results were obtained 
(Table XI). 

3. The average work done for all th 
tests on the rigid base by the rear wheels 
of the 10-ton roller was 60 per cent as 
against 40 per cent by the front roller. 
Similarly, for the 5-ton roller, this aver 
age was 80 per cent as compared to 2) 
per cent by the front roller. This rel- 
tive amount of crushing produced by the 
front and rear rollers of the 10-ton 
machine on the rigid base checked within 
1 per cent the predicted amount as com 
puted from roller weights and dimensions 
(Table XII). 

4. On the rigid base, the amounts 
by both 5-ton and 
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10-ton rollers increased with the number 10. The surface area increase from 
of trips. On the flexible base, the series II was found to be in fairly close 
amount of degradation produced by the agreement with that observed in previ- 
rollers showed a tendency to reach a_ ous surface treatment field samplings. 
maximum after from two to five round This indicates that the rolling conditions 
trips of the 10-ton roller, but increased encountered in these tests were approxi- 
with the number of trips of the 5-ton mately the same as those obtained in 
machine, nine trips being the limit actual field conditions. 
(Tables V and X). 11. The cumulative grading of the ag- 
5. Different types of aggregates from _gregates after 500 revolutions in the Los 
various sources showed a wide range in Angeles rattler represented approxi- 
their resistance to crushing under the mately a Fuller’s curve. 
10-ton roller (Table VI). 12. The cumulative grading of the 
6. The rating of the aggregates from aggregates after 100 revolutions in the 
these road roller tests was in approxi- rattler was very similar to that after 
mately the same order as that obtained seven round trips under the rear rollers of 
from the Los Angeles abrasion tests. the 10-ton roller on the rigid base. The 
However, the amount of degradation or road roller broke down the larger par- 
surface area increase at 500 revolutions — ticles into smaller ones without produc- 
in the rattler was five to ten times ing a large amount of dust, while in the 
greater than that produced by seven Los Angeles rattler work was done on 
round trips of the rear rollers of the all sizes of particles producing a greater 
10-ton roller on the rigid base (Figs. 4 quantity of dust. 
and 5). 13. A good correlation was found to 
7. When aggregates of various sizes, exist between the losses after 100 revolu- 
such as 8F (2-in. to No. 4) and 11 (4-in. _ tions in the rattler and after seven round 
to No. 8), were spread at the same _ trips of a 10-ton roller on a rigid base 
quantity per square yard (40 lb.), the (Fig. 6). 
one which contained the most small-size 
particles showed the smallest percentage In all the literature reviewed concern- 
increase in surface area when tested ing the Los Angeles abrasion machine, 
under the roller. The chipping aggre- no definite correlation of percentage of 
gate (size 11) exerted a protective action _ wear or abrasion loss with measured field 
when added to size 8F covering (Table results has been found. It is hoped 
VIIl). that the results of these tests may serve 
8. With seven round trips of the that purpose and shed some light on the 
10-ton roller, approximately 1.3 times as fundamental relations governing the 
much degradation was produced with physical forces of crushing and abrasion 
crushed gravel as with uncrushed gravel of aggregates, and improve our concepts 
(Table IX). concerning them. From these studies it 
9. In comparing the 5-ton with the appears that, both under construction 
10-ton roller, it was found that when _ procedure and under traffic, mineral ag- 
limestone was rolled on the rigid base the gregates follow a fixed manner of de- 
increase in surface area under the 5-ton grading. The degree of this degrada- 
machine was from 55 to 80 per cent of _ tion depends upon the amount of work 
that produced by the 10-ton roller. exerted upon them. 
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DISCUSSION 


Mr. H. F. Krirece.'—The paper 
presented by Mr. Shelburne has made 
several facts quite apparent. The first 
is that with a piece of field equipment, 
which is common to the construction 
of several important road types, he has 
been able to make a careful scientific 
analysis and present a well-organized 
set of data having definite value aca- 
demically as well as practically. That, 
| think, is a fine contribution. Too 
often, as testing engineers and research 
men, we are apt to feel that nothing can 
be obtained of academic value unless it 
is done with some precise miniature piece 
of laboratory equipment. 

The second fact is this: Frequently we 
hear the criticism that our investiga- 
tional apparatus has no correlation with 
anything we know and use in the field, 
and I believe that that objection is often 
apt and pertinent in the realm of high- 
way research. Mr. Shelburne’s work 
has avoided that criticism entirely by 
its union of field equipment and labora- 
lory test apparatus. 

In the third place, Mr. Shelburne has 
pointed rather definitely to the value of 
the 100-revolution stage of the Los 
Angeles rattler test which, at the present 
time, is not being given sufficient appre- 
ciation. I think it is very much worth- 
while to know that the total effects on 
aggregates of seven round trips of a roller 
approximate the magnitude of 100- 
revolution loss in the Los Angeles 
rattler. Also, he points out very clearly 


Obie ernical Director, The France Stone Co., Toledo, 


that the 500-revolution loss is so much 
higher than anything we encounter in 
actual construction conditions and use 
of the road that the significance of the 
test at this stage dwindles by that very 
fact. The Los Angeles rattler test has 
recently been given wide publicity with- 
out the value of such correlations and 
established facts with actual practice 
conditions. It is pleasing to note that 
the data presented in this paper establish 
both the weak and the strong points of 
the Los Angeles rattler test in predicting 
the behavior of aggregates to the condi- 
tions imposed by construction practices 
and by traffic. 

Mr. C. L. McKesson.?— It so happens 
that I was identified with the develop- 
ment of the Los Angeles rattler test 
from its inception in 1914 and 1915. 
It is, accordingly, quite a source of in- 
terest to me to see for the first time an 
actual comparison of degradation under 
service conditions with those obtained 
in the rattler. The purpose of the test 
was to control the output of a quarry 
operated by the so-called “glory hole” 
method. With a hole a quarter of a 
mile wide and 500 ft. deep, and shooting 
everything that came down from all 
sides, part of the rock was good and 
sound, and part of it was badly 
weathered. The thing that led us to 
devise the new rattler test was the 
extreme difficulty we had with the Deval 
rattler test; we could not pick a sample of 
pieces of proper sizes from the output. 


2 Director of Engineering and Research, American 
Bitumuls Co., San Francisco, Calif. 
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If we picked an average sample of hard 
and soft rock, the quarry would main- 
tain that only poor stone was abraded 
and the good stone alone remained, and 
that we should not include weathered 
stone. The rattler test was devised 
principally in the hope that it would 
provide a test comparable to service 
conditions and give us some measure 
of the probable performance. It is, 
accordingly, a great satisfaction, after 23 
or 24 yr., to have this paper embodying 
results of tests for performance. 


Mr. SHREVE CLARK.*—I should like 
to ask Mr. Shelburne whether any cop- 
sideration was given to the particle 
shape of the aggregate in making these 
various tests on the road. 

Mr. Titton E. SHELBURNE.4—We 
compared crushed gravel and uncrushed 
gravel, but otherwise we did not take 
into consideration particle shape. 


3 Engineer of Tests, Virginia Department of Highways, 
Richmond, Va. 

4 Research Engineer, Joint Highway Research Project 
Purdue University, Lafayette, Ind. 
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DISINTEGRATION OF FACE BRICK BY CRYSTALLIZATION 
OF SOLUBLE SALT* 


By J. M. Harpesty! 


SYNOPSIS 


of the face brick in a building only a few years old. For this study, selected 
samples were cut from the building and subjected to freezing-and-thawing tests 
and examined chemically and microscopically for the presence of soluble salts. 
The results indicate that the observed weathering was not due to frost action 
but to the formation of crystals of calcium sulfate on and just underneath the — 


exposed face of the brick. 


Of the various weathering agents that 
affect masonry, the crystallization of 
soluble salts is often mentioned in the 
literature although but few actual cases 
have been reported.2, Consequently this 
study of the disintegration of the brick 
ina relatively new building in the metro- 
politan New York area may be of in- 
terest, since the active agent here was 
found to be calcium sulfate. 

It is well known that burned clay ware 
may contain appreciable amounts of 
soluble salts which may effloresce and 
cause spalling and disintegration of the 
clay body. Lovejoy* found soluble salts 
in brickwork and showed that in general 
they existed in the body of the brick; 
he minimizes the importance of the 


* The presentation of this paper at the annual meeting 
Was sponsored by Committee C-15 on Manufactured Ma- 
sonry Units. 

‘Member of Technical Staff, Bell Telephone Labora- 
tories, New York City. 

2 ? Discussion by C. C. Connor of paper by J. W. Mc- 
urney and D. E. Parsons, ‘The Wick Test for Efflo- 
rescence of Building Brick,” Proceedings, Am. Soc. Test- 
ing Mats., Vol. 37, Part II, p. 338 (1937). 
vejoy, ‘“Scumming and_ Efflorescence,”’ 
pamphlet published by F. S. Hees, Columbus, Ohio (1907). 
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mortar as a source of the salts. McIn- 
tyre,‘ in his studies of the durability of 
clay building materials, found large 
amounts of soluble salts in analyzing the 
efflorescence on common building brick. 
Palmer’ describes the conversion of the 
carbonates of calcium and magnesium 
into their soluble sulfates by the action 
of sulfur trioxide during the firing proc- 
ess. Other investigators, notably Jack- 
son® and Butterworth,’ have pointed out 
that in general, the quantity of soluble 
salts decreases at the higher burning 
temperatures. 


History of the Building: 


The building involved in the current 
study is a three-story structure which 


4W. A. McIntyre, ‘‘Factors Governing the Durability 
of Clay Building Materials,’ Transactions, Ceramic Soc. 
(London), Vol. 28, p. 101 (1929). 

5L. A. Palmer, ‘Cause and Prevention of Kiln and 
Dry-House Scum and of Efflorescence on Face-Brick 
Walls,”’ Technologic Paper No. 370, Nat. Bureau Standards 
(1928). 

6 F. G. Jackson, ‘‘A Chemical Study of the Absorption 
of Sulphur Dioxide from Kiln Gases by Ceramic Ware,” 
Journal, Am. Ceramic Soc., March, 1926, Vol. 9, p. 154. 

7B. Butterworth, “Some Effects of Soluble Salts in 
Clay Products,’’ Transactions, Ceramic Soc. (London) 
Vol. 36, p. 233 (1937). 


This report covers a study to determine the cause of the disintegration 
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was erected in 1931; the building plans, 
however, provide for its ultimate exten- 
sion to eighteen stories. The brick used 
in the construction of the building was 
side cut, flash finish, salmon pink colored 
fireclay face brick ranging in shade from 
alight to a dark salmon pink. 

Shortly after the brickwork was com- 
pleted, the walls started to effloresce 
quite badly. In 1934, it was observed 
that many of the lighter colored bricks 
were affected by surface spalling and 


of the darker colored bricks also were 
beginning to spall. This spalling has 
now progressed to such an extent that 
the original faces of a large number of 
the bricks have entirely disappeared, and 
more than 50 per cent of all the bricks 
are showing some surface erosion. Fig- 
ure 1 illustrates the general condition of 
all the walls in the building and Fig. 2 
illustrates the spalling in more detail. 


Physical Properties of the Brick: 


In the spring of 1936, twelve bricks 
representative of the color range and 
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were changing to a buff or yellowish during the progress of the test. For 
gray color. By the fall of 1935, some reference purposes, these bricks were 
= 
Moisture 
Absorption, ee wo © 
Sample Spalling on Original Color Soluble Rup- 
xposed Salts* ture, | 24 br.» 
Face -* | Room s> | 
psi. Tem- | hr., 35 a2 
pera- Boiling) 30 406 
ture a 
Me 4...c.3 90%, deeply Light salmon pink Abundant 565 9.8 14.9 0.65 0.58 | 4200 
ittec 
ee eee 50% Light salmon pink Abundant 874 9.8 | 13.1 0.75 0.36 4900 
No. 3......| 25% | Light salmon pink Abundant 788 10.0 13.4 0.75 1.43? | .... 
Several small Salmon pink Moderate 8.9 12.8 0.69 0.18 5850 
spots 
No. 5......| Slight Salmon pink Trace 944 | 7.8 11.7 0.67 0.26 : 
MO 6...... Slight Dark salmon pink Trace 1343 7.7 11.1 0.69 0.34 7350+ 
eee None Dark salmon pink Trace 1340 7.2 10.7 0.67 0.25 7330-4 
No. 8 None Dark salmon pink Trace 1080 8.3 11.8 0.70 0.46 6150 
Slight Salmon Abundant | 1065 8.3 13.1 0.69 0.11 
No. 10..... None Light salmon pink Moderate | 886 8.7 13.3 0.66 0.18 5000 
No. 11 | None Dark salmon pink Abundant! .... 7.6 12.3 0.63 0.21 eee 
No. 12 None Dark salmon pink Trace } 1215 a8 10.7 0.66 0.26 6900 
No. 13) None Salmon pink Abundant | .... 6900+ 
No. Mpeg None Light salmon pink Abundant ‘ 
No. 15) None | Salmon pink Abundant 6700+ 


® For definition of classifications used in the wick test, see text. 
; A large area of the face of sample 3 spalled off at the end of the sixty-first cycle. 
The plus (+) signs indicate that these samples did not fail under the maximum load of the testing machine. 


degree to which weathering had pro- 
gressed were removed from the building 
for test purposes. These bricks were all — 
stretchers in the wall, so that each brick - 
had one exposed face and one unexposed — 
face. The mortar adhering to the un- 
exposed face, sides, and ends was re- 
moved in such a manner as not to mar > 
or scratch the original finish of the brick. 
This was done so that in making freez- 
ing-and-thawing tests there would be an | 
opportunity to compare the two faces 


numbered 1to12. Ata later date, three 
other bricks were obtained; these were 
numbered 13, 14 and 15. Number 13 
was a brick left over from the group ob- 
tained to replace the twelve bricks taken 
from the building. Numbers 14 and 15 
were bricks taken from the original panel 
submitted by the supplier as samples to 
the architect. The fifteen specimens are 
described briefly in Table I. 

The “wick test’? was employed to de- 
termine the presence of soluble salts in 
the brick. ‘This test was carried out as 
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efflorescence. 


freezing and thawing. 


described by McBurney and Parsons,* 
except that the quantity of salts de- 
posited on the surface of the bricks was 
rated by visual inspection as none, trace, 
moderate or abundant. These classifi- 
cations of the amount of efflorescence are 
defined as follows: 


None.—-No observable difference in the ap- 
"pearance of the brick. 

Trace. —A slight amount of efflorescence 
but not enough to affect materially the ap- 
pearance of the brick surface. 

Moderate.—Distinct coating but the color 
the brick still visible under the 


Abundant.—The original color of the brick 


_ masked by the efflorescence. 


S results of this test are given in 


Table I. 
The physical properties of the brick, as 


' determined in accordance with standard 


procedure,’ are also given in Table I. 
In general, after making the modulus 
of rupture tests, the larger and less dis- 
figured halves of brick resulting from 
this test were subjected to cycles of 
This test was 
carried out as described by McBurney" 
At the 
end of this period there was no observ- 
able change in the surface of the bricks 
as determined by photographs taken 
before and after test. The loss in weight 
is given in Table I. 


Chemical and Microscopic Examination 
of the Brick: 


For chemical and microscopic exami- 
nation, two types of specimens were se- 
lected: (1) a typically weathered brick 
which was cut out of the building in such 
a manner as to keep intact the mortar 
surrounding it, and (2) thin chips chis- 


8 J. W. McBurney and D. E. Parsons, ‘‘The Wick Test 
for Efflorescence of Building Brick,’’ Proceedings, Am. 
Soc. Testing Mats., Vol. 37, Part II, p. 332 (1937). 

*Standard Methods of Testing Brick (Modulus of 
Rupture, Compressive Strength, Absorption) (C 67 - 37), 
1937 Supplement to Book of A.S.T.M. Standards, p. 78. 

oy. W. McBurney, “The Weathering of Structural 
Clay Products: A Review,” Proceedings, Am. Soc. Test- 
ing Mats., Vol. 31, Part II, p. 745 (1931). 
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eled from the exposed face of about , 
dozen weathered bricks in the building 

The whole brick was subjected to ; 
modified wick test in which the specime, 
was placed face up in a shallow dish ¢) 
distilled water. After four days, ¢ 
evaporating water had deposited on th 
exposed face a white crystalline powder 
Chemical analysis of this deposit showe 
that it consisted wholly of calciun 
sulfate. 

A qualitative analysis of a water er. 
tract of the same brick showed the pre: 
ence of a considerable amount of calciun 
sulfate, no other water-soluble substance 
being present in any appreciable quar- 
tity. 

At the conclusion of the original wick 
tests discussed above, the salt deposits 
on samples 1 to 12 and on sample 13 were 
analyzed. The results showed the de- 
posit on sample 13 to be calcium sulfate 
and the deposit on samples 1 to 12 tole 
a mixture of calcium and_ sodium 
sulfates. 

Microscopic examination of the brici 
chips revealed segregated lumps 
calcium sulfate underneath the face ¢i 
the bricks. Some of these lumps wer 
as large as 1 mm. in diameter, and all 0! 
them were made up of small crystak 
which would fly from the lump when i 
was touched by a probe, suggesting 3 
strained condition. This indicates tha 
the calcium sulfate was not sintert: 
during the firing process in the manufac 
ture of the brick. 

Further examination of the brick chij 
specimens revealed certain of these ca: 
cium sulfate lumps which showed ev 
dence of having started’ to dissolve 
Also, several cases of actual spalling wert 
observed. In each of these cases, asi 
flake of the brick surface was in tt 
process of being separated from 
brick. When these flakes were lifted” 
their underside examined, a small crys" 
of calcium sulfate was found. 
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As shown in Table I, the bricks used 
in this building meet all the requirements 
for grade SW" brick. ‘The freezing-and- 
thawing tests indicate that the observed 
weathering was not due to frost. The 
results of this test confirm the adequacy 
of the requirements for grade SW brick 
as insurance against failure by frost 
action. 

The wick test is a rough guide as to 
the soluble salt content of a brick and, 
as shown by McBurney and Parsons,* 
provides a convenient means of de- 
termining whether a brick is likely to 
effloresce in a masonry wall. The fol- 
lowing arrangement of the wick test 
data for samples 1 to 12 is of interest in 
that it shows a quite definite correlation 
between soluble salt content and dis- 
integration of the bricks in service. In 
this summary each X represents one 
sample. 


Discussion of Test Results: 


Quantity of Soluble 
Salts 

Condition of Brick Surface | | 
3 

e = 

Zz 

9 per cent of face spalled...'......|.......]......| X 
50 per cent of face spalled...|......|....... x 
25 per cent of face | 
No spall XXX/| X x 


This table reveals that where the wick 
test shows no more than ‘“moderate”’ 
efflorescence, the disintegration in service 
has been slight. 

The results of the wick tests and the 
chemical analyses indicate that the 
brickscontain calcium sulfatein a soluble 
form. The main source of the salt, as 
indicated by microscopic examination of 
the ¢ body of the bricks and by chemical 


F u 1 Tentative Specifications for Building Brick (Made 

tom Clay or Shale) (C 62 - 37 T), Proceedings, Am. Soc. 

esting Mats., Vol. 37, Part I, p. 733 (1937); also 1938 
of ASTM, Tentative Standards, p. 514, 


analysis of the unused sample 13, ap- 
pears to be within the body of the bricks 
themselves and not in the mortar or the 
back-up materials. 

The results of the microscopic exami- 
nation of the brick specimens suggest the 
following explanation of the mechanism 
of the spalling action: During rainy 
seasons the bricks absorb moisture and 
this dissolves some of the calcium sulfate. 
Then, in dry periods, the solution moves 
by capillarity toward the drier exposed 
face of the brick wall. As the solution 
nears the face, it becomes concentrated 
due to evaporaton of the water through 
the surface pores and in time a thin 
layer of minute crystals forms just 
beneath the brick surface."* The me- 
chanical force exerted by these crystals 
as they accumulate causes a spalling off 
of thin flakes of the brick surface. 


Summary: 


The facts determined by this study 
indicate that the observed weathering of 
the brick in this building is not due to 
frost action but to the formation of 
crystals of calcium sulfate on and just 
underneath the exposed face of the 
bricks. Also, that the source of the 
calcium sulfate is in the body of the brick 
itself and that it occurs in a soluble form. 


Acknowledgments: 
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122A. P. Laurie and John Milne, ‘‘Evaporation of Water 
and Salt Solutions from Surfaces of Stone, Brick, and Mor- 
tar,’’ Proceedings, Royal Soc. of Edinburgh, Vol. 47, p. 52 
(1926 1927). 
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Mr. F. O. ANDEREGG.'—I should like pressure, produces some of these dis mort: 
to agree with what Mr. Hardesty has_ integrations. In Fig. 2 is shown , whet 
said about the destructive action of parapet wall that fell to pieces very or th 
calcium sulfate which crystallizes within readily. Figure 3 is another example Mi 
the structure and causes efflorescent The same thing happens to concrete ali 11s 
crystal pressure. Millions of dollars of | over the country. hydr. 
damage is being done to our structures show 
every year by this phenomenon. I ia was ¢ 
should like to point out, however, an- Mi 
other source that must be taken into ———w . desty 
consideration, and that is the fact that - a eel ee with 
our winter rain waters are slightly SW, 
a in th 
ing ] 
(AS. 
from 
weat 
prov 
weat 
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it sh 
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Fic. 2.—Badly Disintegrated Parapet Wal 
Caused by Sulfate Crystal Growth. 


1.—Parapet Wall Disintegrating Due to nob 
Calcium Sulfate, the Sulfuric Acid Having Come # 
from Winter Rain or Snow. = tion 


atter 
acidic due to sulfuric acid from burning , gard 
coal. When these waters strike a struc- : : that 
ture, sulfuric acid is drawn in and color 
forms this calcium sulfate. An example : of th 

of that is shown in the accompanying Fic. 3.—Mortar So Badly Disintegrated th in w 
Fig. 1. of a structure in Ohio. The It Offers Little Resistance to Penetration of th 
same thing holds true throughout the Chisel. 
entire northeastern part of the country. 
You can see the white line of efflorescent I should like to ask Mr. Hardesty 
material, due to winter rain water soak- whether the mortar joints were also be 
ing into the wall and calcium sulfate coming disintegrated due to efflores 
being formed, which, by its crystal cence. Efflorescence on the morta! 
joints indicates that they were probabl) 
: Pr, onsulting Specialist on Building Materials, Newark, starting to disintegrate. 
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Mr. J. M. Harpesty.2—There has 
been no observed disintegration of the 
mortar, although there is efflorescence 
on the mortar. 

Mr. H. R. Sratey.*—I should like 
to ask Mr. Hardesty what kind of 
mortar was used in laying the brick and 
whether they were laid in the winter 
or the summer. 

Mr. Harpesty.—The mortar was a 
1:1:6 mix. The lime used was a dry 
hydrated lime. I think records will 
show that the brickwork of this building 
was completed late in the fall. 

Mr. J. W. McBurney.*—Mr. Har- 
desty stated that these brick complied 
with the physical requirements for grade 
SW, which is the highest grade indicated 
in the Tentative Specifications for Build- 
ing Brick (Made from Clay or Shale) 
(A.S.T.M. Designation: C 62-37 
from the standpoint of resistance to 
weathering. The fact that these bricks 


proved unsatisfactory when exposed to 
weathering for a few years quite properly 
raises 2 question as to the adequacy of 


Tentative Specifications C62. In de- 
fense of these specifications, however, 
it should be noted that the depth of 
spalling was slight. It would seem 
probable that this amount of disintegra- 
tion would have attracted little or no 
attention, or would not have been re- 
garded as objectionable, if it were not 
that the brick had a surface “flashing” 
color of a quite different shade from that 
of the body of the brick. Am I correct 
in understanding that this spalling of the 
face produced a marked color contrast 
with the unspalled portion? 


Member of Technical Stz “ll Tele 
tries New Vork — Staff, Bell Telephone Labora 
ssistant Professor of Building Construction, Mass- 
of Technology, Cambridge, Mass. 

lechnologist, Nationz 
Washington, ogist, National Bureau of Standards, 
Proceedings, Am. Soc. Testing Mats., Vol. 37, Part I, 


a wg) also 1938 Book of A.S.T.M. Tentative Stand. 


Mr. Harpesty.—Mr. McBurney is 
correct in his assumption that the spall- 
ing has made a marked change in the 
color of the brick. It is probably true 
that even though the bricks had not 
changed color, the problem would have 
attracted attention and been considered 
serious since the building plans call for 
the addition of several floors to the 
present structure. At the time of the 
first extension, it would, of course, be 
necessary to decide whether to use the 
same brick for architectural reasons or 
to select some other type of brick which 
might have better weathering qualities. 

Mr. C. C. Connor.’—I am familiar 
with the building where the spalled 
brick condition exists which is reported 
by Mr. Hardesty. While this condition 
is interesting as a technical problem, it 
also has a serious economic aspect. 
The building is designed for fifteen 
additional stories, and the first addition 
made will necessitate a decision as to 
what to do with the large areas of spalled 
brickwork, and how to obtain a good 
appearance. The only solution appears 
to be the removal of the face brick on the 
three existing stories, and a conservative 
estimate of the cost of this operation is 
$50,000. This particular building is the 
worst of a group of five having similar 
spalled brick conditions, although the 
type of brick varies; and while the others 
have not been thoroughly studied, salt 
crystallization appears to be the common 
cause. 

There can be little question of the 
immediate importance of developing 
requirements to be included in the stand- 
ard specifications for brick which will 
protect the consumer against brick 
disintegration of this type. 

Mr. Harpesty (author's closure by 
letter). -The action of sulfur oxidation 


6 Assistant Engineer, New Jersey Bell Telephone Co., 
Newark, N. J. 
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compounds, as pointed out by Anderegg 
above and by others,’ is without doubt 
one of the causes of the rapid decay of 
masonry. This type of action was 
considered in the study of the building 
under investigation. Samples of the 
brick removed from the structure were 
subjected to several different atmos- 
pheric concentrations of SO2 under cyclic 
moist and dry conditions in an effort to 
duplicate the observed weathering. 
While one sample did show a slight 
progressive action of the surface spalling, 
it was not sufficiently pronounced after 
50 cycles to justify continuation of the 
tests. 

Mr. McBurney’s defense of the pres- 
ent Tentative Specifications C 62 — 37 T 
would probably be justified for the one 
case given in this report if it really is a 
special case. Of seven other buildings 
having spalled brickwork, which the 
author has observed, preliminary study 
on four of them has indicated the active 
agent to be crystallization of soluble 
salts. In some of these cases, also 


7 Symposium on Weathering Characteristics of Ma- 
sonry Materials, Proceedings, Am. Soc. Testing Mats., 
Vol. 31, Part II, p. 715 (1931). 


relatively new buildings, the spalling 
has not been slight but has progressed 
to a depth of } to 7g in. Also tests on 
samples of the brick used in one of them 
indicates that the brick would haye 
passed these tentative specifications as 
grade SW. Consequently, it seems the 
general question of whether or not these 
specification requirements for SW brick 
are really sufficient to assure against 
failure by other agents of weathering 
besides freezing and thawing is still 
unanswered. 

The seriousness of the economic side 
of this general problem has been dis- 
cussed at length by investigators here 
and abroad. Mr. Anderegg in his 
discussion states in general terms his 
estimate of the loss to owners each year 
from sulfur oxidation compounds carried 
by snow and rain. Mr. Connor points 
out the probable cost to replace the 
defective brickwork under investigation. 
This figure of $50,000 seems even larger 
when it is considered the owners have no 
specification under which they can pur 
chase new brick with assurance that the 
present trouble will not recur. 
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PHC YTOELASTIC ANALYSIS OF A PRESTRESSED BEAM 


By F. O. ANDEREGG,! ROYAL WELLER? AND B. FRIED* 


SYNOPSIS 


With the aid of photoelastic analysis it is shown that the total prestress on 
a beam is equal to the total loading stress when the compression in the bottom 
fiber is just neutralized. At that stage, the directions of principal stresses are 
displaced 10 deg. and 80 deg. from the vertical and horizontal directions, re- 
spectively, so that the principal shears will then make angles of 35 and 55 


deg. on the opposite side of the vertical. 


Advantages of prestressing rein- 


forced ceramic beams include: immediate use of the steel as soon as load is 
applied, more effective use of the ceramic material so that a smaller section 
is needed, and noteworthy increase in stiffness. 


To be able to explain more satis- 
factorily the principles involved in pre- 
stressing simple beams,‘ additional in- 
formation has been obtained as to the 
behavior of such a beam under center 
loading with the aid of photoelastic 
analysis.© A phenol-formaldehyde resin 
(Bakelite BT-61-893) model was used 
and the work was done with the equip- 
ment of the Ohio State University 
Engineering Experiment Station. ‘The 
model was first loaded in flexure, giving 
the usual pattern shown in Fig. 1. It 
was then placed in the straining frame of 
Fig. 5 and prestressed in such a way that 
the stress at the top fiber was zero, while 
at the bottom it was under compression. 


en Consulting Specialist on Building Materials, Newark, 
io. 


_ Instructor in Physics, The Ohio State Universit 
Columbus, Ohio. 
_ +Engineering Experiment Station, The Ohio State 
University, Columbus, Ohio. 

. ‘F. O. Anderegg and C. L. Dalzell, “Pre-Stressed 
Ceramic Members,” Proceedings, Am. Soc. Testing Mats., 
Vol. 35, Part II, p. 447 (1935) 

J P.O, Anderegg, ‘‘Super-Ceramic Building Members,” 
ournal, Am. Ceramic Soc., Vol. 20, p. 77 (1937). 
O. Anderegg, ‘Progress in Pre-Stressing Structural 
Bulletin, Am. Ceramic Soc., Vol. 18, 


“ good description is given by Max M. Frocht, 
U ecent Advances in Photoelasticity,” PhD. Thesis, 
Riversity of Michigan (1931). 
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The stress pattern, reproduced photo- 
graphically, is given in Fig. 2. A load 
was then applied to the top of the model 
at the center until the compressive 
stress in the bottom fiber was just 
neutralized and the fringe pattern is 
given in Fig. 3. Additional load then 
placed the bottom of the center part of 
the beam in tension as shown in Fig. 4. 

The stress distribution of the pre- 
stressed beam, loaded centrally in flexure 
was then examined with plane polarized 
white light and by step-wise successive 
rotation of the polarizers, and the 
family of isoclinic lines reproduced in 
Fig. 6 was obtained. Frocht® has pub- 
lished the isoclinic pattern for a loaded, 
unprestressed beam, in which the iso- 
clinic lines tend to cluster near the 
neutral axis, since in that neighborhood 
the stresses approach zero and have no 
specific direction. When the neutral 
region is depressed to the lower edge of 
the beam by prestressing and subsequent 

6 Max M. Frocht, ‘“‘Photoelastic Investigation of Shear 
and Bending Stresses in Centrally Loaded Beams,” 


Engineering Bulletin, Carnegie Institute of Technology 
(1937). 
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Fic. 1. 


point near center « 


Beam Loaded in Flexure, No Prestress. 


Neutral “axis f beam enclosed within the triangular fringe. 


Fic. 2.—-Prestressed Beam. 
Top edge is under zero stress. 


Fic. 3. 
Neutralized. 


Beam Loaded Until Prestress in the Center of the Bottom Is Just 


Prestressed 


The small dark fringe at that point is the neutral “‘axis.” 


Fic. 4.—Load Applied to Put Bottom in Tension, Raising the Neutral “Axis” Which Ist 
Third Fringe from the Bottom. 


4 


> = 


Beam Model in Jig Ready for Prestressing to a Measured Amount. 


80°-> E-/0° Ss, 20° 
0° 


Isoclinic Pattern of Prestressed Beam Under Load. Note simplicity of pattern. 


Si and S2 = direction of principal_shears. 


Fic. 5. 


70° 
--B0° 


q Fic. 6. 
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loading, however, this clustering of iso- 
clinics is likewise depressed to the lower 
edge and the 10-deg. and 80-deg. iso- 
clinics cover the two sides of the beam 
respectively. This indicates that the 
directions of the principal stresses are 
displaced 10 deg. from the vertical and 
horizontal directions, respectively, and 
the principal shears will then make 
angles of 35 deg. and 55 deg. on opposite 
sides of the vertical. In effect, this 
corresponds to splitting a simple beam 
along the neutral plane and considering 
the prestressed beam to be equivalent 
to the upper part. This was deter- 
mined by applying different degrees of 
prestress followed by exactly neutralizing 
the stress in the bottom fiber. The 
stress in the bottom fiber due to the 
bending loading is given by the usual 
formula for center loading _ 
=3WL/be 
where W = the load, = an 
L = the length of the beam be- 
tween supports, and 
the breadth and depth of 
the beam. 
The stress of preloading has two compo- 
nents: (1) that due to bending, or camber 
produced : 
2 = — F)h/bd? 


band d = 


where 
F =the force applied by the top 
spring, 
F' = the force applied by the bottom 
spring, and 
h =the distance between springs. 


(2) the direct stress 
= (F + 


where A = the area of the section. 


NEUTRALIZATION OF PRESTRESS. 


Phenol resin beam, = 5.62 in. ,6 = 0.253 in., d = 0. 
istance between supports = L = 4875 i 


Distance between springs =h = 1.406 &. 
Ae | Se, | Ss 

, * | (S2 + Ss), 
Not....| 83.4 89.0 18.7 1295 226 1060 9 or 0.7 
xa... 94.6128.0 38.1 2640 1347, 1365 72 or 2.7 
117.0)150. 0, 44.4, 3070 1333) 1640, 97 oF or 3.2 
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By applying the prestressing load 
through knife edges (not shown in 
Fig. 5) the forces could be applied and 
measured with adequate accuracy. The 
results seem to indicate that the calcu- 
lation previously made in the paper 
presented before the A.S.T.M.‘ is 
justified. 

Three marked advantages are ob- 
tained through prestressing: 

1. In any ordinarily reinforced beam, 
whether brick or concrete, the mortar 
or concrete around the reinforcing is 
initially in tension due to shrinkage, 
while the steel is in compression. On 
applying the load, by the time the steel 
takes up the tensile load, the mortar will 
practically have failed. It is for this 
reason that in designing reinforced 
beams, no credit can be given to the 
tensile strength of the mortar. In a 
prestressed beam, on the other hand, the 
mortar (and ceramic material) are not 
in tension, but in compression, while the 
steel is in tension and immediately re- 
sists bending due to loading. 

2. Ina prestressed beam a much more 
effective use of the ceramic material (or 
concrete) is obtained, the neutral axis 
disappearing out of the section during 
loading. The area under compression 
increases to the whole section and ad- 
vantage is taken of that outstanding 
property of well-burned ceramic mate- 
rial, its great compressive strength. A 
corallary is to use materials of highest 
compressive strength for prestressed 
beams. In this way only half the sec- 
tion, or less, is required to carry a given 
load. 

The very considerable stiffness that 
has been observed in experimenting with 
these beams is a noteworthy feature. At 
first sight it is a little difficult to account 
for this. It must be due to the differ- 
ence in the moduli of elasticity in com- 
pression and in tension for brittle, in- 


J 
; 
> 
. 
— 
us 
d 
ern. 
= 


982 


organic and non-metallic materials. It 
is true that few experimental tensile 
moduli are available to indicate that 
such a difference does occur, but it is 
supported by the following: The differ- 
ence between tensile and compressive 
strengths of these materials is apparently 
mostly caused by discontinuities, at the 
apices of which stress concentration is 
very great when in tension, being often 
of the order of 1000 times the average 
stress for the given section. A small 
applied tensile stress may, then, be 
expected to produce a_ considerable 
extension and thus give a quite low 
apparent modulus of elasticity. It is 
suggested that the ratio of moduli is of 
the same order as the strength ratio. 
One of the authors has observed’ with 
the calcium hydrosilicate material, Mi- 
croporite, at 30 lb. per cu. ft. unit 
weight, compressive and flexural 
strengths of 1300 and 260 psi., respec- 


7F. O. Anderegg, ‘“Microporite,’’ Rock Products, 
May, 1936. 
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tively, and apparent moduli of elasticit, 
of 350,000 psi. in compression and 70,0) 
psi. in bending, both ratios being fie 
Tensile loads are taken by an elastic 
network. In prestressed beams, unt 
the prestress has been neutralized, the 
only modulus of elasticity involved js 
that for compression. 

The stress on the steel increases abou; 
50 per cent as the compression in th 
bottom fiber is neutralized, as may read 
ily be calculated. ‘To make most eco. 
nomical use of the steel, it is suggeste 
to apply a prestress of two-thirds of its 
yield point, which may be accurate 
and conveniently done by setting the 
beam in a vise and producing a definite 
elongation in the steel. The design 
loading may then be taken very safel 
as one-third the load required to neutra 
ize the prestress. 

After the neutralization of the com- 
pression in the bottom fiber, that par 
of the beam is in tension and the notable 
stiffness observed previously disappears 
PI 
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Mr. Tuomas J. DoLan! (presented in 
written form)..-The authors have pre- 
sented an interesting application of the 
photoelastic method of stress analysis to 
the problem of neutralization of the ini- 
tial compressive stresses in prestressed 
beams. 

From a theoretical consideration the 
10- and 80-deg. isoclinics shown in Fig. 6 
of the paper should not intersect the 
boundary of the model except at points 
of load application. Since the principal 
stresses developed at any free (unloaded) 
boundary of a member always occur on 
planes tangent and perpendicular to the 
boundary, the edges of the beam in 
Fig. 6 may be regarded as 0- and 90-deg. 
isoclinics and will not intersect any other 
isoclinic except at the load points. The 
apparent intersection of the 10- and 80- 
deg. isoclinics with the free boundary 
was probably due to the presence of 
initial stresses in the bakelite from which 
the model was made. 

The writer does not believe that the 
apparent stiffness of prestressed beams 
can be accounted for on the basis of 
difference between tensile and com- 
pressive moduli of elasticity. For most 
structural materials the available data 
indicate that there is only a very small 
difference between the tensile and com- 
pressive moduli of elasticity; for concrete 
they are practically the same, whereas 
lora pottery plaster the maximum differ- 
ence is about 10 per cent. Even though 
the prestressing places all of the ma- 
eral in compression, and the stress 


chant Professor of Theoretical and Applied Me- 
ics, University of Illinois, Urbana, I 
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range for the lower part of the member 
when loading as a beam is merely one of 
relieving or neutralizing this compressive 
stress, the deflection is not governed by 
the initial compressive modulus of elas- 
ticity alone. Due to the curved nature 
of the stress-strain diagrams for most 
ceramic (and concrete) materials, the 
upper highly-stressed portion of the pre- 
stressed beam probably will have a 
smaller (tangent) modulus of elasticity 
accompanying the increased stresses 
caused by subsequent flexural loads ap- 
plied to the beam than it would have if 
unprestressed. This decreased modulus 
on the compression side of the beam 
probably would offset any stiffness 
gained by increasing the modulus on the 
tension side of the beam by prestressing. 

Adding reinforcing steel to a beam is 
very effective in increasing its stiffness 
since it adds greatly to the area of 
the transformed equivalent cross-section. 
However, unprestressed reinforcing can- 
not be efficiently utilized until the sur- 
rounding material is stressed in tension. 
This tension probably results in inelastic 
action consisting of microscopic cracking 
of the material in tension and localized 
slippage of the reinforcing rod; these 
actions are evidenced by increased de- 
flections of the beam. The writer would 
like to suggest that perhaps there are 
two reasons for the smaller deflections 
that are observed when the reinforced 
beam is prestressed: (1) the steel be- 
comes immediately effective in resisting 
moment without the development of 
inelastic localized readjustments in the 
surrounding material; (2) the steel being 
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984 DISCUSSION ON PHOTOELASTIC 
rigidly fastened to each end of the beam 
exerts gradually increasing inward forces 
at the ends of the beam as the flexural 
oads are increased, and develops nega- 
tive moments similar to those produced 
in a restrained or fixed-ended beam. 
For example, a simply supported beam 
with a concentrated load at mid-span 


ANALYSIS OF 


A PRESTRESSED Bray 


equal concentrated loads P. By turning 


this beam upside down (as shown) it y 

be observed that the portion of this bine 
between the sections A and B woul 
closely correspond with the type of fring 
distribution shown on the complete beam 
of the authors’ Figs. 3 and 4, although 
the relative proportions of depth to spay 


_ Fic. 1.—Fringe Photograph of a Beam Continuous over Three Supports and Loaded with Two Equ 
Concentrated Loads. 
Loads P are 51.4 lb. on upper model and 91.4 lb. on lower model. 


will deflect four times as much as one of 
the same span and similarly loaded but 
with the ends fully restrained against 
rotation. Without prestressing there is 
always a certain length of reinforcing at 
each end of the beam that is not fully 
stressed and is therefore ineffective in 
; preventing deflection of the beam. 
The accompanying Fig. 1 shows a 
fringe photograph of a beam continuous 
over three supports and loaded with two 


are not the same. For this continuo 
beam it is a well-known fact that the 
deflections would be smaller than thos 
observed in a simply supported beam 
and that the end forces, R, would pre 
duce a bending moment at sections 4 
and B similar to the moments applied) 
the springs in prestressing. 

Mr. W. K. Harr.2—Referring to th 


2 Emeritus Professor of Civil Engineering, Purdue Un 
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DISCUSSION ON PHOTOELASTIC ANALYSIS OF A PRESTRESSED BEAM 


frst illustrations of the prestressed 
beams, was the steel separated from the 
concrete by destroying the bond before 
the steel was prestressed? 

Mr. F. O. ANDEREGG.*—In that par- 
ticular beam‘ the steel was covered with 
asphalt, but I have made beams with the 
steel grouted in,® and in that case you 
produce more stretch at the ends. I 
ysed a steel of a high yield point—above 
100,000 psi.—and I went no higher than 
one-half to two-thirds of the yield point 
in the prestress. 

Mr. Hatr.—This device for prestress- 
ing the concrete by stretching the steel 
has had a considerable vogue, not only 
abroad but in this country. I think it 
isa very valuable device. It has been 
applied not only to beams and to the 
floor joists, but also to hollow concrete 
piles, and to pipes carrying water pres- 
sure. It is interesting to know that the 
stresses can be determined and procure a 
relation between the stress in the con- 
crete and the stress in the steel. 

Mr. P. H. Bates.*—Mr. Hatt 
has called attention to the use of pre- 
stressed concrete units abroad. Some 
few years ago I had the pleasure of 
discussing this matter with Freyssinet, 
the French engineer whose work many of 
you know, particularly for his designing 
at that time the largest concrete arch 
ever erected. He is also interested in 
the commercial production of several 
types of concrete units, all of which are 
based upon the use of prestressing. 
Incidentally, while he is certain that 
units so designed have many possibilities, 
he is convinced that it is essential to 
use steel having a high elastic limit. 


Obig sulting Specialist on Building Materials, Newark, 


‘Reproduction of Fig. 1 from article by F. O. Ander- 
‘a, », Progress in Prestressing Structural Clay Prod- 
ucts, ° Bulletin, Am. Ceramic Soc., Vol. 18, p. 323 (1939). 
F. Anderegg and C. L. Dalzell, “Pre-Stressed 
ee Members,” Proceedings, Am. Soc. Testing Mats., 

al. 35, Part II, p. 447 (1935). 
B Chief, Clay and Silicate Products Division, National 
ureau of Standards, Washington, D. C. 
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The use of ordinary carbon steel ac- 
complishes nothing in these cases. 

One of his most unusual uses of pre- 
stressed concrete can be seen in the 
recently opened laboratory—Les Labo- 
ratoiries du Batiment et des Travaux 
Publics, in Paris. Here he has designed 
and erected a 2000 tonnes compression 
testing machine of prestressed concrete. 
This is in the form of a_ horizontal 
cylinder 14 meters long and 3.5 meters in 
side diameter. The high elastic limit 
reinforcing steel in the form of bands 
was highly prestressed during the plac- 


ing and hardening of the concrete 
designed to have high compressive 
strengths. In use as a testing machine 


the inner upper side of the horizontal 
cylinder becomes the head of the ma- 
chine and the inner lower side the lower 
head. Hydraulic jacks hung from the 
upper side apply the load to the speci- 
men placed between the jack and the 
lower side. These jacks range from 
100 to 2000 tonnes capacity. In this 
manner a very cheap precise high-capac- 
ity testing machine has been constructed. 

Mr. Hattr.—We have experimented 
at Purdue University in the past two or 
three years on prestressed pipes 60 in. 
in diameter, whereby the hoops are 
prestressed, producing a stress of about 
600 psi. in the barrel of the pipe. The 
water pressure is carried to such an 
extent that the initial compression stress 
of the concrete is not relieved. Shrink- 
age stresses are eliminated. Now there 
is just one element which ought to 
qualify this subject, namely, the effect of 
plasticity of concrete in reducing the 
initial compressive stress an amount 
depending upon the age of the concrete 
when prestressed. 

Mr. ANDEREGG.In the cases de- 
scribed here* ° we had ceramic units and 
s-in. joints, so there was practically no 
shrinkage, and then after the mortar had 
hardened about one week we would i 
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apply a predetermined stress on the 
whole member. 

Messrs. F. O. ANDEREGG, ROYAL 
WELLER’ AND B. Frievp* (authors’ closure 
by letter).—Mr. Dolan is correct in stat- 
ing that the 10- and 80-deg. isoclinics 
should not intersect the boundaries of 
the model and that apparent intersection 
is probably due to initial stresses. The 
significant point from this Fig. 6 is that 
the 20- and 70-deg. isoclinics covered the 
major part of the beam. 

The suggestion of end restraint in aid- 
ing the stiffening of the beam is very 
interesting and probably explains part of 
the effect observed. In the photograph 
shown, however, there are regions of ten- 
sion, while in the prestressed beam, ten- 
sion (except in the steel rods) is absent. 
It should be emphasized that the small 
deflections noted are due to bending 
alone and are not the sums of pre- 
stressing and bending. ‘They are appre- 
ciably less in the prestressed beam than 
It is be- 


in the absence of prestressing. 
lieved that most of the notable stiffness 
observed is due to difference in moduli 
of elasticity. 


7 Instructor in Physics, 
olumbus, Ohio 
8 Engineering Experiment Station, The Ohio State 
University, Ohio. 


The Ohio State University, 


A side light on the modulus of elas. 
ticity of brittle materials is obtaine 
from some studies of silica glass fibers: 
It was observed that the modulus jp. 
creased with the strength and decreas. 
ing diameter of the flame-blown fibers 
The best explanation of the diameter. 
strength relationship so far given js 
variation in number of intensity of dis. 
continuities. As the material is pulled 
out discontinuities are pulled out length. 
wise and have much less deleterious 
effect on tensile strength and also appear 
to reduce the stretching tendency of th 
fibers. Reinkober'® has reported similar 
results. This idea is similar to Dolan’s 

. . inelastic action consisting of micro- 
scopic cracking .. . ,” but perhaps refers 
more to the initial stretching within dis. 
continuities which eventuates in micro- 
scopic cracking. 

When the principles of prestressing are 
incorporated within engineering text: 
books, so that engineers acquire a better 
understanding of them, much _ wider 
applications will be made to our struc- 
tures and machines, with reductions i 
weights and costs. 


F.O. Anderegg, ‘Strength of Glass Fiber,” /ndusiru 
and Engineering Chemistry, Vol. 31, p. 297 (1939). 

10Q. Reinkober, ‘‘Die Elastizitit und Festigkeit 
diinnen Quarzfiden,” Physikalische Zeitschrift, V 


p. 112 (1937). 
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SONIC METHOD OF DETERMINING THE MODULUS OF ELASTICITY OF 
BUILDING MATERIALS UNDER PRESSURE! 


By LEONARD OBERT? 


SYNOPSIS 


A new sonic method of determining the modulus of elasticity of concrete, 
stone, and other construction materials is presented, whereby determinations 
can be made while the specimen is under load, as well as unloaded. 
method is described and certain limitations pointed out. 
ments on concrete and stone are given and are compared with both static and 
dynamic measurements made by other investigators. 
cates the sonic method described to be an accurate and relatively simple 
method for determining modulus of elasticity and to offer promise as a pro- 


The 
Results of measure- 


The investigation indi- 


cedure for determining the stress of structural members in silu. 


The dynamic method of determining 
Young’s modulus of elastic materials has 
received increasing attention in recent 
years, particularly in the field of en- 
gineering and geophysics. In general, 
the method requires the measurement of 
the fundamental frequency of a rec- 
tangular prism of the material when 
vibrating in some particular mode of 
vibration. The mode of vibration ex- 
cited depends on how the column is 
mounted and where the driving force is 
applied. For any particular mode of 
vibration, there is a simple relationship 
involving the frequency, dimensions, 
and density of the specimen from which 
Young’s modulus can be calculated. 
The principal advantage of the method 
is Its simplicity. 

'n the derivation of the relationships 
between Young’s modulus and the fre- 
quency of vibration, it is assumed that 
the material is perfectly elastic, that is, 
that the stress is proportional to the 


by permission of the Director, U.S. Bureau 


i * Associate Ph sicist, U. S. Department of the In- 
tlor, Bureau of Mines, College Park, Md. 


strain. The amplitude of vibration and 


hence the strain produced in the vi-— 
brating specimen is small (less than 


10~* inches per inch). ‘Thus, the region 
of perfect elasticity need not be par- 
ticularly extensive, in fact if the stress- 
strain curve of the material has no 
abrupt variation the limit of the change 
in stress to the change in strain (the 
tangent modulus) may be used. There- 
fore, in calculating Young’s modulus 
from the frequency by such a relation- 
ship, it is the tangent modulus that is 
obtained. 

In most of the previous investigations, 
the specimens were not under load when 
the frequency of vibration was deter- 
mined; hence the value obtained is the 
tangent modulus for a zero stress, 
generally designated by /o, and com- 
monly referred to as initial tangent 
modulus. With static methods this 
value can be determined only by extrap- 
olation, whereas the dynamic method 
measures this directly. For geophysical 
purposes this is of some advantage be- 
cause the velocity of sound in the 
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material can be calculated for zero 
pressure; however, in engineering prac- 
tice the value of the modulus for a given 
stress is of more importance. 

For many materials, such as steel and 
glass, which possess a large region of 
perfect elasticity starting from zero 
stress, the dynamic method has been 
shown to be valid by many investiga- 
tors. In a recent paper, Powers* has 
compared statically and dynamically 
determined values of Eo for concrete and 
has shown that they are also in good 
agreement. 

For stone, which in many instances is 
known to be more non-elastic than con- 
crete, the static and dynamic results 
are more discordant. Both Zisman‘ and 


Syncro 
Clock 


Fic. 1.—Schematic Diagram of Electrical 
Apparatus with Beam Mounted for the Free- 
Free Mode of Vibration. 


Ide® have presented evidence indicating 
that microscopic cracks are at least 
partly responsible for this disagreement. 

The purpose of this paper is to describe 
a sonic method of determining Young’s 
modulus for building materials both for 
zero stress and for applied pressures up 
to the point of failure. The results of 
measurements of Young’s modulus on 
stone and concrete are presented and 
compared with those determined stati- 
cally by others to show the validity of 

thi method. 


tg 


?T. C. Powers, ‘‘Measuring Young’s Modulus of Elas- 
ticity by Means of Sonic Vibrations,’ Proceedings, Am. 
Soc. Testing Mats., Vol. 38, Part II, p. 460 (1938). 

4W.A. Zisman, ‘‘Comparison of Statically and Seismo- 
logically Determined Elastic Constants of Rock,” Pro- 
ceedings, Nat. Academy Sciences, Vol. 19, p. 680 (1933). 

6 J. M. Ide, “Comparison of Statically and Dynamically 
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Determined Young’s Modulus of Rocks,’’ Proceedings, 


Nat. Academy Sciences, Vol. 22, p. 81 (1936). 
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GENERAL CONSIDERATIONS® 


The specimens used in the investiga. 
tion were rectangular prisms, hereaftey 
referred to as beams. ‘Two methods of 
mounting the beams were employed 
which are referred to as the free-free and 
the supported-supported mountings, an¢ 
the corresponding modes of vibration 
and their frequencies are given the same 
designations. 

For the free-free mode of vibration, 
the beam was mounted on supports 
located at points 0.224 L from each end, 


Fic. 2. Supported-Supported Mounting 
Testing Machine. 
where L is the length of the beam and the 
driving force was applied at the center 
of the beam (see Fig. 1). The modulus 
of elasticity, E, is given by’ 


where ¢ = the thickness of the beamit 
the plane of vibration, 


6 The description of this method is taken in part ! 
a previous report. See L. Obert, ‘Measurement 
Pressures on Rock Pillars in Underground Mines~t 
I,” Report of Investigations 3444, U. S. Bureau of ¥ 
(1939). 

7Lord Rayleigh, “The Theory of Sound,” Se 
Edition, Vol. 1, pp. 242-306, The MacMillan Co., Los* 
(1926). 
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= a numeric, approximately 
4.73 for the fundamental,* 
= the length of the beam, 
= the free-free frequency, and 
= the density. 
called the free-free mode of 
vibration because no restraints are 
placed on either end of the beam. 

For the supported-supported mode of 
vibration, the beam was supported at 
the ends (see Fig. 2) and the driving 
force was applied at the middle. 
Young’s modulus is given by’ 


wf? 
where. fe = the supported-supported 
APPARATUS 


frequency. 
Electrical Apparatus: 

The electrical apparatus served a 
two-fold purpose, namely, to produce a 
sustained vibration in the specimen and 
to serve as a means of determining the 
frequency of this vibration. A sche- 
matic diagram of the apparatusisgivenin 
Fig. 1, in which the beam is mounted for 
the free-free mode of vibration. With 
the switch in position A, the output of 
the beat-frequency oscillator was am- 
plified by the power amplifier and sup- 
plied to both the General Radio Syncro- 
clock and the driver, the device used to 
force the beam into sustained vibration. 
The vibrating beam, in turn, actuated 
the pickup, the output of which was 
amplified by a high-gain amplifier and 
supplied to the oscillograph. 

When the frequency of the driving 
force is equal to the fundamental fre- 
quency of the beam, the systems are 
in resonance, that is, the beam vibrates 
with a maximum amplitude; hence the 


wa small correction must be made depending on the 

trickness-to-length ratio. See W. P. Mason, “The Motion 

: a Bar Vibrating in Flexure, Including the Effects of 

poe d and Lateral Inertia,” Journal, Acoustical Soc. 
erica, Vol. 6, p. 246 (1935). 
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amplitude of the oscillograph pattern 
will have a corresponding maximum. 
The fundamental frequency of the beam 
was found by varying the frequency of 
(“tuning’’) the oscillator until a distinct 
maximum in the amplitude of the oscillo- 
graph pattern was obtained. When 
this resonance point had been tuned in, 
the switch was thrown to position B. 
The amplified pickup current was thus 
supplied to the power amplifier so that 
the system drove itself or “regenerated.” 
In this case the beam alone stabilized 
the frequency of the system. The fre- 
quency of vibration was then measured 
with the Syncro-clock. 

The pickup was made from a low- 
impedance phonograph pickup. The 
driver was made by cementing a light 
aluminum rod to the voice coil of a 
dynamic speaker. This, in turn, was 
fastened to the beam mechanically by 
a collar that previously had been ce- 
mented to the beam. The mass and 
electrical reactance of the driver were 
very small and did not affect the fre- 
quency of the beam appreciably. 

For the free-free mode of vibration, 
the beam was mounted as previously 
described. The pickup was placed in 
contact with the end of the beam and 
oriented so that the pickup armature 
moved in the plane of vibration. 

The same driver and pickup were used 
for the supported-supported mode of 
vibration. The driving force was ap- 
plied at the center of the beam. The 
pickup also was placed in contact with 
the center of the beam but was oriented 
so that the armature moved in a plane 
normal to both the plane of vibration 
and the axis of the beam. 


Testing Machine: 


The beams were loaded in a Riehle 
universal testing machine of 100,000-Ib. 
capacity. A ball-and-socket block was 
installed on the moving head of the 
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machine to give a uniform bearing on 
the ends of the beams. 


EXPERIMENTAL PROCEDURE 


The no-load modulus of elasticity was 
determined by measuring the funda- 
mental frequency when the beam was 
mounted for the free-free mode of vi- 
bration. Young’s modulus was cal- 
culated from the frequency by the use 
of Eq. 1. The method is perfectly 
straightforward, and the only errors were 
those made in determining the fre- 
quency, weight, and dimensions of the 
beam. ‘The estimated probable error is 
2 per cent, and the results could always 
be repeated within these limits. 

Measurements of Young’s modulus 
while the beam was under pressure 
(supported-supported mode) were made 
with the load applied through knife- 
edge end plates (see Fig. 2). With the 
driver and pickup attached as described, 
the frequency was measured for a series 
of pressures starting at 20 kg. per sq. 
cm. and increasing by increments of 10 
to 30 kg. per sq. cm. up to the maximum 
load the beam would stand. The same 
procedure was repeated for decreasing 
increments to 20 kg. per sq. cm., thus 
completing the cycle. Two cycles were 
made for each of the beams, inasmuch 
as it was found that further cycling did 
not change the results. 

A correction must be made when 
this type of mounting is used inasmuch 
as the end plates are part of the vi- 
brating system (the nodal points being 
the points of contact of the knife edges 
with the moving head and platen of the 
testing machine). ‘The fundamental fre- 
quency is lower than that of the beam 
alone, owing principally to the increase 
in the length of the vibrating system; 
however, the increase in inertia, the 
difference in elasticity, and possibly the 
discontinuity between the test specimen 
and the plates have some effect. 


This type of mounting also introduces 
a possible source of error. ‘The fre. 
quency of a beam vibrating in a flexural 
mode of vibration may be affected by 
the pressure. The frequency will be 
independent of the pressure only if the 
effect of the stiffness is large compared 
with that of the pressure. 

It would be difficult if not impossible 
to calculate either the change in fre- 
quency due to the end-plate mounting 
or the effect of the pressure on the 
frequency. However, it is possible to 
determine the correction for the end 
plates and at the same time to ascertain 
whether or not the frequency is inde- 
pendent of the pressure by testing a 
beam of known elastic properties. For 
this purpose one glass and two dura- 
luminum calibrating beams were tested. 
Glass and duraluminum were selected 
because of their good elastic properties 
and because they have densities ap- 
proximately equal to those of stone and 
concrete. 

The results of these calibrations show 
that the frequency is nearly independent 
of the pressure except for low pressures, 
for which the deviation is less than 7 
per cent. These materials show no 
hysteresis? or permanent set. 

To determine the frequency correction 
on account of the end plates and at the 
same time to correct deviations due to 
the change of frequency with pressure, 
the modulus of elasticity was determined 
for the calibrating beam by the free-free 
method. Then this value of the 
modulus was substituted in Eq. 2 and 
the supported-supported frequency was 
calculated; that is, the frequency that 
would be expected if there were no en¢- 
plate or pressure corrections. The dif 

* There is no established terminology to describe this 
type of curve and, for lack of more descriptive terms 
“hysteresis” and “permanent set” will be used to describe 
the area between the increasing and decreasing pressu’ 
curves and the difference between the no-load modulus 


before and after the pressure cycle, respectively. This is, 
in a sense, analogous to the usage in a stress-strain diagra™- 
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ference between this value and the value less than 5 per cent attributable to the 


e- of the frequency measured for any additional inertia, difference in elasticity, 
al pressure gives the change in frequency and discontinuity in the media. 
y attributable to the method of mounting TEs _— 
for that pressure. The ratio of this = oS 
difference in frequency to the measured The tests on concrete were made in 
frequency gives the fractional amount conjunction with the National Sand and 
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Fic. 3.-Relation Between Young’s Modulus and Stress for 3 Grades of Concrete. ‘The upper 
part of each curve is for the initial loading. The lower part for all subsequent loadings. 
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Fic. 4.- Relation Between Young’s Modulus and the Stress for 5 Grades of Concrete. — 


am Curves are for the initial loading. 

was 

that that the measured frequency must be Gravel Association Research Founda- 

ne raised to correct for the mounting and __ tion in its laboratory at the University 

dif the pressure variation. of Maryland. A series of five different 
lhe correction amounts to about 25 mixes of concrete, determined by the 

this per cent, which may at first seem large; ratio of the cement to total aggregate, 

= however, the additional length due to were studied. Three batches were made 

jul the end plates accounts for over 20 from each mix on three different days, 

om per cent of the difference, which leaves and three 3} by 3 by 133-in. beams and 
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one 6 by 12-in. cylinder were made from 
each batch. This made a total of 15 
cylinders and 45 beams. Of the latter, 
15 were tested and the rest saved for 
future reference. 

The sand was used graded as received 
and had a fineness modulus of approxi- 
mately 2.94. The gravel was separated 
into two sizes, No. 4 to ? in. and 3 to 3 
in., and recombined to have a fineness 
modulus of 6.60. The mixed aggregate 
consisted of 67 per cent sand and 43 
per cent gravel and had a fineness 
modulus of 4.50. 

The beams were cured 28 days in 
water and 28 days in air and then dried 
out for 24 hr. in an oven. Leadite (a 


TABLE I.—TEST OF CONCRETE. 


|B | | 

3 = 
2 ie .| 2) 2/4. 
| se, ¢|x |x] ts 
25....| 1:1 | 0.31 | 3% | 3.36 | 3.65 | 8.2 
4:3 | 2 | 3.93146.) 7.4 
27....| 1:5 | 0.55 | 2 3.12 | 3.38 | 8.0 
28...| 1:7 | 0.80 | 2 2.72 | 3.00 | 9.4 
29...:| 1:9 | 1.20 | 1% | 2.01 | 2.26 | 13.0 


sulfur-clay compound) capping was used 
to give a good bearing surface. 

Figure 3 gives representative Young’s 
modulus-stress curves for three beams 
from different mixes. In all instances 
the upper part of each curve is for the 
initial loading and the lower curve for 
all further loading, both increasing and 
decreasing. The difference between the 
initial no-load modulus and that ob- 
tained after cycling is a measure of the 
permanent set. Figure 4 gives the 
initial load curves for the five mixes, 
each curve being an average for three 
beams. The curves are all similar in 
that they show that the modulus of 
elasticity increases with the stress 
asymptotically approaching a constant 


value, the increase being more rapid for 
relatively low pressures. The richer 
mixes of concrete show less change than 
the leaner grades; for example, the 1:3 
mix shows an increase in Young's 
modulus of 7.4 per cent between zero 
stress and a stress one-quarter that of 
the ultimate strength, whereas the 1:9 
mix shows a corresponding increase of 
13 percent. This is in contradistinction 
to the results determined by the static 
method, where Young’s modulus, cal- 
culated from the slope of the stress. 
strain curve, is nearly constant for low 
loads and decreases for higher loads. 
Furthermore, the static method shows 
that the modulus for leaner grades of 
concretes decreases more rapidly, hence, 
for these concretes the divergence be- 
tween the two methods is greater. As 
yet, no explanation for the differences 
between these two methods has been 
found. 

The values of the no-load moduli are 
in good agreement with accepted 
values,’ increasing from 2.0 X 10 to 
4.0 X 10® psi. as the richness of the 
mixtures increase. 

A summary of the results of the 
concrete tests is given in Table I. The 
compressive strengths were determined 
from the 6 by 12-in. cylinders which 
were cured in the same manner as the 
beams except that they were not oven 
dried. Eo is the tangent modulus for 
zero stress determined from the free- 
free frequency and £, is the tangent 
modulus calculated from the supported- 
supported frequency for a stress one: 
quarter of the ultimate strength—that 
stress being selected as approximating 
commonly used working stresses. Kis 


10 For example see Stanton Walker, “Modulus of Elas 
ticity of Concrete,” Proceedings, Am. Soc. Testing Mats 
Vol. XIX, Part II, p. 510 (1919); T. C. Powers, “Measur 
ing Young’s Modulus of Elasticity by Means of Soni 
Vibrations,” Proceedings, Am. Soc. Testing Mats., Vol 
38, Part II, p. 460 (1938); J. B. Johnson, ‘Materials 0! 
Construction,” Seventh Edition, John Wiley and Sons 
New York City (1930). 
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the percentage change in the modulus 
between zero stress and a stress one- 
fourth of the ultimate strength, that is, 


By 
K- 100 


The results show that the no-load 
determination of the modulus is not a 
bad approximation to the loaded value, 
particularly for normal mixes of concrete. 


Test OF BUILDING STONE 


The stone beams were sawed from 
common building stone without major 
defects, in the form of rectangular 


10000000 
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and granite. The upper part of the 
curve is in all instances for the initial 
loading, the lower curve is for all sub- 
sequent loadings. 

The results on stone show that with 
the exception of limestone, the modulus 
of elasticity increases rapidly in the 
region of low pressures asymptotically 
approaching a constant. This is similar 
to the behavior of the concrete beams 
except that the change is much larger. 
Sandstone shows an increase in Young’s 
modulus of over 100 per cent between 
zero stress and a stress one-quarter of 
the ultimate strength. These results 
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part of each curve is for the initial loading, the lower part for all subsequent loadings. 


prisms 3 by 3} by 14 in. After cutting, 
the samples were allowed to stand at 
room temperature for at least two weeks. 
Three pieces of each sample were cut, 
two of which were used for testing while 
the third was kept for a reference sample. 
For sedimentary rocks, one set of 
samples was cut parallel and another 
perpendicular to the bedding plane. 
The ends of the beams were capped with 
Leadite. The density was determined 
by dividing the weight by the measured 
volume. 

Figure 5 gives the Young’s modulus- 
stress curves for four types of stone, 
namely, sandstone, limestone, marble, 


are in good agreement with those 
of other investigators," both as to the 
magnitude and change of the modulus, 
for example, in the report of the Water- 
town Arsenal on granite from Pigeon 
Hill, Mass. the modulus of elasticity 
calculated from the slope of the stress- 
strain curve is shown to increase from 
6.06 X 10° psi. at zero stress to 9.0 XK 10° 
psi. for a stress of 5000 psi. The results 


il F. D. Adams and E. G. Coker, “‘An Investigation 
into the Elastic Constants of Rocks, ” Publication 46, 
Carnegie Institution of Washington 69 pp. (1906); L. H. 
Adams and R. E. Gibson, ‘‘The Elastic Properties of 
Certain Basic Rocks and of Their Constituent Minerals,” 
Proceedings, Nat. Academy Sciences, Vol. 15, p. 713 
(1929); “Test of Metals,’’ Watertown Arsenal (1894, 1895 
and 1905); W. A. Zisman, ‘‘Comparison of Statically and 
Seismologically Determined Elastic Constants of Rocks,”’ 
Proceedings, Nat. Academy Sciences, Vol. 19, p. 680 (1933). 
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of this investigation on a similar granite 
show that the modulus increases from 
6.30 10° to 9.15 10° psi. for an 
increasing pressure interval. Com- 
parison of results on Kibbee sandstone 
is also in similar agreement. The no- 
load modulus of Rockport and Quincy 
granite is also in good agreement with 
the sonic measurements made by Ide.° 
Table II gives the tabulation of the 
results on stone. The results show that 
the value of the no-load modulus is in 
most instances a poor approximation to 
the value of the modulus at a stress 
equal to one-fourth of the ultimate 
strength. 


TABLE IL. 


7 Refer- | | 
Material 
ber | 


Limestone, Bedford, Ind. 


Marble, Danby, Vt 


Marble, Cockeysville, Md. 
Sandstone, Briar Hill, Ohio 


Sandstone, Kibbee, Mass 


Granite, Quincy, Mass. 
Granite, Rockport, Mass. 


Direction of Bedding 


Perpendicular to axis | 139 
Parallel to axis | 146 
Parallel to axis ; 168 
Perpendicular to axis 168 


Perpendicular to axis 127 
Parallel to axis 126 
Perpendicular to axis 140 
Parallel to axis 138 
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the Young’s modulus-stress curves are 
also in good agreement with similar 
curves calculated from statically deter. 
mined stress-strain measurements. The 
results on stone show, however, that 
the no-load modulus of elasticity is not 
a good approximation to the modulus 
determined under load, the difference 
amounting to as much as 100 per cent 
for a stress of one-fourth the ultimate 
strength. For concrete the no-load 
moduli determined by this method com- 
pare favorably with accepted values, 
The results also show that the no-load 
modulus is a fair approximation to the 
modulus under load, the difference being 


TEST OF BUILDING STONE. 


| 

Crushing 

Strengtt 
Ol 
(Es) 100 psi 


Den- | Eo, 


sity, 


c | — Eo) 
cu.ft. 


10 000 


178 22 400 


10 300 


} 13.00 


10.000 


"17700 
18 500 
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@ Taken from handbooks and the results of other investigators. 


CONCLUSION 


The dynamic method of determining 
the tangent modulus of elasticity of 
building materials, described in this 
paper, has been found to be accurate, yet 
relatively simple, both for zero stress and 
for applied stresses up to the point of 
failure. After the apparatus is once cali- 
brated, a determination of the elastic 
properties of the given specimen can be 
made in a period of about one hour to an 
accuracy of approximately 2 per cent. 

The measurements on stone show that 
this method gives the value of the no- 
load modulus in good agreement with 
both static and sonic determinations 
made by other investigators, and that 


10 per cent or less for normal grades of 
concrete stressed to one-fourth of their 
ultimate stress. However, the variation 
of the modulus with stress shows a di- 
vergence from measurements made b) 
the static method, this divergence being 
from 7 to 15 per cent, depending up 
the grade of concrete. 

In order that a better comparison 
between the results of various investi: 
gators can be made, it is suggested that 
a standard routine be accepted f 
testing building materials by soni 
methods. It was found that the best 
results on concrete were obtained whet 
the sample was cured 28 days in water, 
28 days in air, and then dried out for 2 
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br. in an oven, the last step being abso- 
lutely essential. For stone, it was found 
that drying the samples at room tem- 
perature for two weeks was sufficient to 
give consistent results. 

This investigation is part of a compre- 
hensive program to determine a method 
of measuring the load on stone and con- 
crete supports, im situ. The method 
requires a knowledge of the variation of 
Young’s modulus with stress for the 
material concerned. From a measure- 
ment of the modulus of elasticity of the 


OBERT ON SONIC METHOD FOR MopuULUS OF ELASTICITY 


995 


support, the pressure can then be deter- 
mined. 


Acknowledgments: 


The author is deeply indebted to the 
National Bureau of Standards for cast- 
ing the glass calibrating column and to 
the University of Maryland for the 
generous loan of its laboratory facilities, 
including the mechanical press. The 
author is further indebted to C. H. 
Shaw of Johns Hopkins University for 
many valuable discussions. 


re 
at 
ot 
us 
ce 
nt 
ite 
ad 4 
ad 
es, 
ad 
the 
in 
= 
0) 
00 
of 
di- 
po 
ison 
tha 
for 
onic 
bes 
h 
ynen 
ater, Be 
| 


Mr. F. B. HorRNnrBROOK! (presented in 
written form).—The author has made a 
valuable contribution to the usefulness 
of the sonic method for measuring 
Young’s modulus of elasticity of con- 
crete by his determination of the rela- 
tion between the no-load modulus and 
the modulus under load. 

The shapes of the curves in Figs. 3 
and 4 of the paper indicate that the 
corresponding stress-strain curves, with 
the probable exception of the curve for 
Mix 26, would be continuously con- 
cave upwards. This, as the author 
points out, is contrary to statically de- 
termined stress-strain relationships for 
concrete. 

In the determination of the elastic 
properties of concrete by the static 
method, however, it is very difficult, 
if not impossible, to separate completely 
the plastic deformation from the elastic 
deformation. Is it not possible that in 
the sonic method this separation is ef- 
fected? 

In measurements, notably by Glan- 
ville? and by Jones and Richart,’ of 
Young’s modulus by the static method, 
in which attempts were made to avoid 
the effects of plastic deformation, con- 
siderable evidence was obtained to indi- 
cate that a straight-line stress-strain 
relationship exists at moderate stresses 
for normal concrete. Glanville after 


1 Associate Materials Engineer, National Bureau of 
Standards, 
2W. HG lanville, ‘ "Cree or Flow of Concrete Under 
fond,” Building Research Technical Paper No. 12, p. 6 


3 Paul G. Jones and F. E. Richart, ‘The Effect of Test- 
ing Speed on Strength and Elastic Properties of ey 
Proceedings, Am. Soc. Testing Mats., Vol. 36, Part LI, 
p. 380 (1936). 
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careful measurements at different rates 
of loading, extrapolated the data to give 
a stress-strain plot for an imagined 
instantaneous loading. He obtained a 
straight-line graph for this instantane- 
ous loading in all cases except for very 
lean concrete, in which he found the 
creep so rapid that it was extremely 
difficult to observe the initial portion of 
the curve. 

Jones and Richart, using telemeter 
gages in conjunction with an oscillo- 
graph recorder, also studied the effects 
of rates of loading and were able to 
impose a full load on 7-day specimens 
in as short a time as 1 sec. ‘They state 
that they found that the variation in 
secant modulus of elasticity with test- 
ing speed was at least qualitatively in 
agreement with the results of Glanville’s 
experiments. 

Thus, the greater divergence between 
the static and sonic results found by the 
author for the lean mixes is in part, at 
least, explained by Glanville’s findings 
with respect to the very rapid creep in 
lean concrete under static load. 

In the sonic method the load is ap- 
plied in considerably less than 0.01 sec. 
and the deformation being less that 
0.000001 in. per inch, it may be that the 
results approximate the theoretical 
elastic properties of the concrete as dis 
sociated from the plastic properties. 

The author’s suggestion that a stan¢- 
ard routine be accepted for the testing 
of building materials by the sonic method 
is well tak@n, inasmuch as it appeals 
that the method can be used to goo 
advantage for several types of tests 
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Thus, besides the author’s compre- 
hensive program, such studies as the 
relation of Young’s modulus to the de- 
gree of disintegration produced in freez- 
ing and thawing, wetting and drying, 
or heating and cooling of concrete or the 
weathering properties of field concrete as 
indicated by changes in modulus of 
elasticity could all be well studied by 
the sonic method. However, to make 
the method generally applicable it would 
seem desirable to be able to test speci- 
mens in saturated or partially saturated 
conditions as well as in the oven-dried 
condition as is done by the author. 

Tests made recently at the National 
Bureau of Standards by the sonic method 
on 4 by 16-in. concrete cylinders indi- 
cate that there is a difference in the 
modulus of elasticity between saturated 
specimens and dry specimens which is 
several times that attributable to the 
change in density, the modulus being 
greater for the wet specimens. It was 
also noted that the sonic modulus is 
much more sensitive to small moisture 
changes in a relatively dry specimen 
than in a relatively wet specimen. 

Mr. LEONARD OBeErt.*—The sonic 
method of determining Young’s modulus 
of elasticity always gives the ratio of the 
stress to the elastic strain; however, the 
plastic deformation indirectly alters the 
elastic properties of the material, hence 
the two are not entirely separable. 

It must be pointed out that for engi- 
neering purposes the total deformation 
per unit stress is of more value than the 
elastic strain alone, hence the sonic 
method cannot replace the static method 
of measurement when the total deforma- 
tion must be accurately known. How- 
ever, the divergence between the static 
and the sonic measurements is small 
(less than 15 per cent for concrete). 


B * Associate Physicist, U.S. Department of the Interior, 
ureau of Mines, College Park, Md. 
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Mr. W. K. Hatr.*>—I should like to 
ask whether in those cases where the 
concrete was under compression, there 
was any difference in the modulus of 
elasticity of those same pieces of con- 
crete in tension. 

Mr. OBERT.—No measurements have 
been made on the specimens under 
tension; in fact no sonic method has been © 
devised as yet for making such deter- 
minations. 

Mr. C. H. Scnorer.’—I was much 
interested in your comments on measur- 
ing these changes by measuring the 
velocity of sound. Have you developed 
a portable device that could be moved 
about in mines? 

Mr. OBEertT.—We have developed a 
portable apparatus for making such 
measurements, and in preliminary tests 
we have measured the modulus of elas- 
ticity in rock pillars im situ. With this 
apparatus the velocity is measured 
directly. 

[AurHoR’s Note.— Satisfactory meas- 
urements have been made in both rock 
and concrete columns in situ. A Bureau 
of Mines Report of Investigations is in 
progress describing the apparatus and 
tests.] 

Mr. ScHOoLer.—Does the direction 
of the frontal sound wave, whether or 
not it is vertical, make any difference? 

Mr. OBERT.—The sound wave should 
be a plane wave traveling in a direction 
normal to the line of measurement. 
This condition is very nearly realized in a 
column in which the length to diameter 
ratio is large. 

Mr. Scnorer.—I was thinking of its 
application to concrete in connection 
with studies of disintegration of the 
material. Could this method be used 


5 Emeritus Professor of Civil Engineering, Purdue 
University, Lafayette, Ind. 

® Consulting Engineer, Portland Cement Assn., Bing- 
hamton, N. Y. On leave from Kansas State College for 


research work with the Portland Cement Assn. 
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to determine the extent of deterioration 
that had occurred? 

Mr. Osert.—-I believe the method 
would prove very satisfactory for such 
measurements. 

[AuTHOR’s Note. — See paper by Floyd 
B. Hornibrook, “Application of Sonic 
Method to Freezing and Thawing Stud- 
ies of Concrete,”” ASTM BuLtetin, No. 
101, December 1939, p. 5.] 

Mr. ScHoier.—TI should like to ask 
whether you have tried to measure the 
velocity of sound on a concrete pavement 
or concrete abutment? Mr. Thomson 
of our staff at Kansas State College 
has been trying to measure the velocity 
of sound through small distances of 
perhaps 12 in. or some small multiple 
of this distance. Could determinations 
be made on such small values? 

Mr. Osert.—The ultimate object of 
our investigation is to make velocity 
measurements on rock or concrete mine 
pillars; however, the method could be 
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applied to any concrete structure. We 
have found that the minimum distance 
required to make satisfactory measure. 
ments is about 10 ft. 

Mr. ScHOLER.—In measuring 
deterioration of concrete by sonic vibja- 
tions we get the change in frequency of 
member as the actual value of measure. 
ment. I am anxious to know what th 
possibilities are for using the velocity oj 
sound to check up on the same type of 
deterioration? 

Mr. Opert.—The frequency is actu- 
ally the quantity measured in all smal! 
specimen tests of this type. The veloc. 
ity of sound is directly calculated from 
the frequency by a simple relationship 
which depends on the particular mode of 
vibration set up in the sample. This 
relationship also includes the dimensions 
of the sample. The advantage in quot- 
ing the velocity rather than the 
frequency is that the velocity is inde- 
pendent of the size of the specimen. 
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The object of this paper is to give a 
review of the various apparatus which 
have been developed for torsion shear 
tests and to discuss the practical ad- 
vantages and disadvantages and the 
sources of error in the results obtained 
by this type of test as compared with 
other types of shear tests. For this 
purpose a brief review of other com- 
monly used types of shear tests will also 
begiven. Examples of results of torsion 
shear tests and the theory for determina- 
tion of shearing stresses and strains from 
observed torsional moments and cor- 
responding twists are given in two 
appendices. 

The suitability of a certain type of 
shear test is determined by its ability to 
furnish the results which constitute the 
principal objects of the shear tests. 
These principal objects are the determi- 
nation of: 

1. The maximum shearing resistance, 
that is, the shearing stress at which 
failure or rapid plastic flow starts. The 
maximum shearing resistance generally 
forms the basis for the computation of 
the factor of safety against failure of the 
soil itself. 

2. The bond resistance (Terzaghi (14)?) 
and the velocity of the slow plastic flow 
before failure. Many cohesive soils are 
probably subject to such a flow, see 
Fig. 10, which may affect the settle- 


de 


' Research Engineer, Pierce Hall, Harvard University, 
Cambridge, Mass. 

*The boldface numbers in parentheses refer to the 
feports and papers appearing in the list of references 
appended to this paper, see p. 1021. 
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ments and displacements and thereby 
the safety of a superimposed structure. 

3. The temporary or permanent de- 
crease of the shearing resistance after 
failure. Most soils are subject to a 
decrease of the shearing resistance after 
failure and its ultimate minimum value 
may in some cases be as low as 20 per 
cent of the maximum value of the 
shearing resistance, see Appendix I.4 
The fact that very large displacements | 
often are required to produce this 
minimum value of the shearing resistance 
seriously affects the suitability of various. 
types of shearing apparatus. The data 
on the decrease of the shearing resistance 
after failure are required to determine 
the factor of safety of earth structures in 
which a localized failure of the soil is 
allowed or cannot be prevented. 

4. The stress-strain relationships and 
volume change characteristics due to 
shearing stresses. These data are re- 
quired for the determination of the 
critical void ratio of the soil and the 
lateral and vertical displacements of 
structures built of or on the soil. They 
are also of great importance in the 
interpretation and application of the 
other results of the shear tests. 

Besides the ability of a particular 
shear test to furnish the above-men- 
tioned data, the simplicity of the con- 
struction and operation of the testing 
apparatus, the difficulties in preparation 
of test specimens, and the time required 


See p. 1013. 
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for performance of the tests must also 
be taken into consideration. 

A description of the ring shearing 
apparatus shown in Fig. 6 and the stress- 
strain theory presented in Appendix II‘ 
has been published in a paper written in 
German (7). An abstract of the pre- 
liminary draft of this paper was sub- 
mitted to the International Conference 
on Soil Mechanics and Foundation 
Engineering in 1936 (6). However, a 
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drawing of such a shearing apparatus js 
shown in Fig. 1. The shearing load 5 
causes a unilateral movement of the 
upper frame while the lower frame js 
held in a fixed position. In other 
apparatus of the Krey type the upper 
frame is held in a fixed position while the 
lower frame is moved, but there js py 
material difference in the stress condj- 
tions and principal sources of error thus 
produced. 


Sample 
Lower Frame 
Upper Frame 
Porous Stones 
Drainage Channels P 
Piston 


Fic. 1. 


complete description of the apparatus 
and its theory has not been published 
before in English. 
TRANSLATORY SHEAR TESTS 

In the translatory or simple, direct 
shear test the stress condition induced by 
the shearing load approaches a state of 
simple shear and is produced by a 
translatory movement of one part of the 
shearing box, while the other part is 
held in a fixed position. Several mate- 
rially different types of translatory shear- 
ing apparatus have been developed, the 
most commonly used and probably also 
the best being the apparatus developed 
by Krey and later improved by Terzaghi 
and Casagrande. A diagrammatic 
4 See p. 


G Water Reservoir 
Base 

I Principal Plane of Failure 

K Secondary Planes of Failure 

Normal Force 

S Shearing Force 


Typical Translatory Shearing Apparatus. 


The principal advantages of this type 
of apparatus are that it is simple in 
construction and operation and it i 
comparatively easy to prepare the test 
specimens. Furthermore, the excellent 
drainage facilities’ allow ‘slow shear 
tests” to be completed in a relativel) 
short period of time. 

The disadvantages are the decreas 
of the effective cross-section of the 
sample during the test and a rather 
complicated stress condition which 
causes progressive failure to’start during 
the early stages of the test; depending 
on the decrease of the shearing resistanct 
after failure, this may seriously affed 
the test results. In the case of samples 
of undisturbed soil, it is often difficult 
transmit the shearing load to the sample 
without causing disturbance of the sl 
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and, in the case of small, vertical, 
normal loads, the upper frame will often 
“ride” over the sample and thereby make 
the results of the test entirely unreliable. 
The lateral displacements of the upper 
frame and the vertical movements of the 


sample during the test, the apparatus 
is not suited for the determination of 
the decrease of the shearing resistance 
after failure and is suited to a limited 
extent only for the investigation of the 
slow plastic flow before failure. 


ASample 

B Inner Cylinder 
C Shaft 

D Ring Piston 


piston do not directly indicate the unit 
strains and volume changes of the soil 
in the zone of failure (7, 13). 

Corrections can be made for some of 
these sources of error and approximately 
correct values for the maximum shearing 
resistance obtained in tests with re- 
molded cohesive soils but not in tests 
with undisturbed soils, which are subject 
‘oa material and rapid decrease of the 
shearing resistance upon partial dis- 
turbance or failure. Due to the decrease 
of the effective cross-section of the 


Fic. 2.—Rotary Shearing Apparatus. 
By A. Casagrande and U. S. Engineer Office, Boston, Mass. 


E Porous Stones 
F Bellows 

G Ball Bearing 

H Base Ring 


ROTARY SHEARING APPARATUS 

The rotary shearing apparatus is 
another type of direct shearing ap- 
paratus. The sample has the form of a 
hollow cylinder and is confined between 
two cover plates and an inner and outer 
cylinder, one of which is rotated. The 
normal external load is radial and is 
transmitted through one of the cylinders, 
which is divided into segments in such a 
manner that it can follow the changes in 
wall thickness of the sample during 
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consolidation. ‘The sample is not sub- 
jected to torsion but rather to simple 
shear as in the translatory shearing 
apparatus. 

During a visit in 1933 to the Preuss- 
ischen Versuchsanstalt fiir Wasser-, Erd- 
und Schiffbau in Berlin, the author was 
shown a model of a rotary shearing 
apparatus. This particular apparatus, 
however, has been abandoned as im- 
practical because of difficulties in trans- 
mitting and measuring the radial normal 
forces. Another rotary shearing ap- 
paratus was designed independently 
by A. Casagrande in collaboration with 
the Boston District of the U. S. Corps of 
Engineers. The principles of this ap- 
paratus are shown in Fig 2. The 
cylindrical sample, A, has a height of 23 
in. and an internal diameter of 2 in., 
and an external diameter which varies 
with the consolidation of the sample. 
The inner cylinder, B, is a porous stone 
which is provided with a square hole for 
the shaft, C, by means of which is is 
rotated. The four pistons, D, form the 
outer cylinder; they are guided by the 
ball bearings, G, and the brackets of the 
stationary base ring, H, and cannot 
rotate. The pistons are forced against 
the sample by hydrostatic pressure, 
exerted through the bellows, F; all four 
bellows are connected to the same 
pressure tank. The upper end of the 
sample is covered by a plate which is 
attached to the shaft, C, while the 
lower end of the cylinder rests against 
the stationary base of the apparatus. 

The principal advantages of the 
rotary shearing apparatus are that the 
shearing stresses are much more uni- 
formly distributed than in the trans- 
latory shearing apparatus and that the 
cross-section of the sample does not 
change materially during the test. The 
sample can, therefore, be subjected to 
any desired shear displacement and the 
apparatus is well suited for investigation 
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of the decrease of the shearing resistanc 
after failure. 

The principal disadvantages are the 
complicated construction of the ap. 
paratus and the difficulties in prepara. 
tion and placement of undisturbed 
cylindrical samples and in transmission 
of the shearing load thereto withou 
causing disturbance of the soil structure 
The apparatus is, therefore, primaril 
suited for tests on remolded soils. 


TRIAXIAL SHEAR TESTS 


In the triaxial shear or compression 
tests a cylindrical sample is subjected { 
definitely known external vertical an 


A Sample 
B Porous Stones 


E Draingge Channel's 

F Rubber Tube 

G Planes of Failure 

H Bulge after 
Failure 

Py Vertical Pressure 

Pp Horizontal 
Pressure 


DA CE 


Fic. 3.—Typical Triaxial Compression Tests 

horizontal normal pressures. The shear- 
ing resistance is not determined directly 
as in the translatory shearing test, but! 
obtained from corresponding values 0! 
the vertical and horizontal norma 
pressures at failure and Mohr’s circles 
of stress. The external pressures art 
exerted in part by a pressure fluid and is 
part by a piston, Fig. 3. The cylindrical 
surface of the sample is protected agains 
contact with the pressure fluid by means 


ofar 
the s 
stone 
place 
age 
strip: 
mem 


distu 
cont 
torsi 
horiz 
inde 
rend 
othe 
mati 
stres 
eartl 
cond 
caus 
tion: 
over 
failu 
struc 
accu 
wate 
duri 


ing t 
poset 
(Ren 
ods is 
comfy 
diffic 
undi: 
parti 
more 
sand 
know 
tion 
that 
A, 8 Pp, 
| / | 
H | 
| 
G/ \G 
| 
4 volu 
of 
T 
long 
= we. -4 


ance 


ap- 
ara- 
Sion 
hout 
ture, 
arily 


of a rubber membrane, while the ends of 
the sample are in contact with porous 
stones, through which drainage can take 
place. Attempts to accelerate the drain- 
age have been made by placing vertical 
strips of filter paper between the rubber 
membrane and the sample or by provid- 
ing the sample with a small core, com- 
posed of a mixture of sand and mica 
(Rendulic (11)). Neither of these meth- 
ods is entirely satisfactory. Filter paper 
compresses during the test and it is 
difficult to apply the second method to 
undisturbed samples without causing a 
partial disturbance of the soil; further- 
more, the correct proportioning of the 
sand and mica mixture requires advance 
knowledge of the elastic and consolida- 
tion characteristics of the particular soil 
which is to be tested. 

The advantages of this type of test are 
that the external test loads are applied 
as normal forces which can be trans- 
mitted to the sample without causing 
disturbance of the soil structure. In 
contrast to translatory, rotary, and 
torsion shear tests, the vertical and 
horizontal external loads can be varied 
independently of each other and this 
renders the test much more flexible than 
other tests and allows a closer approxi- 
mation in the laboratory of the actual 
stress conditions in the foundation or 
earth structure. Furthermore, for stress 
conditions which are not close to those 
causing failure, the stresses and deforma- 
tions are fairly uniformly distributed 
over that part of the sample in which 
failure ultimately occurs. The con- 
struction of the apparatus permits 
accurate measurement of the amounts of 
water expelled or absorbed by the sample 
during the tests and thereby a satis- 
factory direct determination of the 
volume changes during the greater part 
of the test. 

The principal disadvantages are that 
long samples are required to obtain a 
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uniform distribution of the stresses in 
the zones of failure, that satisfactory 
methods for drainage through the cylin- 
drical surface of the sample have not yet 
been developed, and that large and 
irregular changes in cross-section take 
place just before and after failure. This 
causes a non-uniform distribution of the 
stresses and makes it difficult to deter- 
mine the changes in void ratio and the 
decrease of the shearing resistance after 
failure. 

At the present stage of development of 
soil testing apparatus the triaxial shear 
test seems to offer the best method for 
determination of the maximum shearing 
resistance and the stress-strain relation- 
ships and volume changes before failure 
of undisturbed soils, temporarily except- 
ing “slow tests” on soils of low per- 
meability. The triaxial shear test is 
also suited for the investigation of the 
slow plastic flow before failure but not 
for the determination of the decrease of 
the shearing resistance after failure. 

When the results of triaxial com- 
pression tests are to be compared with 
the results of translatory and torsion 
shear tests, it should be remembered 
that a direct comparison requires com- 
parable stress conditions at failure and 
identical orientation of the planes of 
stratification with respect to the planes 
of failure. In translatory and torsion 
shear tests the sample is confined during 
the process of consolidation and the 
stress condition imposed during the 
actual test approaches that of pure shear. 
At the start of a comparative triaxial 
compression test the ratio of the hori- 
zontal to the vertical external pressure 
should therefore be the same as in the 
above-mentioned tests, and during the 
test the horizontal pressure should be 
decreased by an amount equal to the 
increase in the vertical pressure—pure 
shear. Practically all soils are stratified, 
even after remolding and reconsolida- 
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tion, and in the translatory and torsion 
shear tests the planes of stratification are 
generally parallel to the planes of failure. 
The samples for comparative triaxial 
compression tests should, therefore, be 
prepared in such a manner that the 
planes of stratification make an angle of 


approximately 45 — deg. with the 


axis of the sample. 


TorSION SHEAR TESTS ON SOLID 
CYLINDRICAL TEST SPECIMENS 


Torsion shear tests are made on cylin- 
drical samples with either a solid or ring- 
shaped cross-section. In both cases the 
principal advantage of this type of test 
is that the cross-section of the sample 
does not change during the tests and 
that any desired angular displacement 
can be produced. 

To the author’s knowledge, the first 
torsion shear apparatus for soils was 
developed in 1916 by the A.S.C.E. 
Special Committee to Codify Present 
Practice on the Bearing Value of Soils 
for Foundations (1). It consists of a 
cylindrical container and a_ piston 
through which a vertical normal load is 
applied to the sample. In a recess in 
the bottom of the cylinder is a disk which 
can be rotated by means of a lever under 
the cylinder. The disk rests on ball 
bearings and is furnished with radial 
ribs to engage the soil. Since the disk 
has a diameter of only one-half that of 
the cylinder there is danger that the 
soil will “arch over” and it is difficult to 
determine the actual normal stress on 
the plane of failure. A similar ap- 
paratus, but one having a combined 
piston and rotating disk, was developed 
by the Institute of Technology in Han- 
over, Germany. (Franzius (3), Streck 
(12). In both types of apparatus the 
failure occurs close to the ribs in the 
rotating disk and this will, in case of 
tests with soils which are subject to 
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decrease in shearing resistance upon 
partial disturbance, cause a decrease in 
the observed shearing resistance. 
Another apparatus, in which a soil 
sample of solid circular cross-section is 
subjected to torsion, has recently been 
developed by Langer (8, 9), and is 
shown in Fig. 4. The sample has a 
diameter of 10.0 cm. and a height of 
6 cm. and is confined between two 
porous stones and an upper and lower 
ring. The lower ring is fastened to a 
base and thereby held stationary, while 
the upper ring is movable, is guided by 
ball bearings and fastened to a wheel 
through which the torsion load is applied. 
The torsion load is transmitted to the 
sample by means of dentated porous 
stones in the walls of the rings. The > 
upper ring is raised slightly by means 
of a “regulating lifter” before the start | 
of the actual shearing test in order to— 
eliminate friction between the two 
rings and to assure transmission of the — 
total vertical load to the plane of failure. 
The vertical load is applied through a 
lever, a steel ball and a hollow piston, 


which also serves as a water reservoir. 
A second water reservoir is provided by a 
glass standpipe which is connected to the 


lower porous stone. 

A similar torsion shear apparatus but | 
without some of the refinements of the 
Langer apparatus has been developed 
independently by W. W. Johnson, 


Engineer on Special Assignment, State 
Highway Commission of Kansas. 

As mentioned above, the principal 
advantage of this type of apparatus is 
that the cross-section of the sample 
does not change during the test and that 
any desired displacement can be ob- 
tained. The apparatus is, therefore, 
suited for investigation of the variations 
of the shearing resistance after failure. 
Furthermore, the sample is compara- 
tively easy to prepare, it is short and 
there are ample drainage facilities. 
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In torsion shear tests on solid cylin- 
drical samples, the shearing stresses and 
strains vary from zero at the center to a 
maximum at the outer surface of the 
sample. This distribution of stresses 
and strains does not seriously affect their 
determination if the methods outlined in 
Appendix II are used but it makes this 
type of test unsuitable for investigation 
of the slow plastic flow before failure. 
Furthermore, since soils may undergo 
considerable volume changes when sub- 
jected to pure shear, the unit volume 
changes will also increase from the center 
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sure exerted by the rings cannot }y 
controlled or definitely determined. Th, 
raising of the upper ring will eliminat, 
normal and friction forces between th 
rings, but it will also create a zone oj 
weakness along the exposed surface oj 
the sample, and there is always danger 
that soft soil will be squeezed out int 
the narrow space between the rings and 
thereby re-establish friction and increas 
the settlement of the piston. Finally, 
concentration of the shearing stresse 
will take place in the soil close to the 
edges of the rings and may exert con. 


= 
A-Sample 
C-Piston 


D-Rotating Ring 
£- Ball Bearing 
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8B- Stationary Cylinder 


F-Water Reservoir 
G-Base 

H-Whee/ 
N-Vertical Normal Force 
S-Shear Load 


Torsion Shearing Apparatus by Tiedemann. 


Die Bautechnik, Nos. 30 and 33 (1937). 


to the surface, and, since the piston is 
rigid, thereby cause a nonuniformand un- 
known distribution of the vertical normal 
stresses on the plane of failure. This 
tendency to a nonuniform distribution 
of the vertical normal stresses will to 
some extent be counteracted by a plastic 
flow of the soil in a radial direction. 
Furthermore, these variations in stresses 
and volume changes make it difficult to 
correlate the observed vertical move- 
ments of the piston with the stresses and 
volume changes in the zone of failure. 


* The horizontal, external, normal pres- 


siderable influence on the test results 
because of its large moment arm. The 
disadvantages and sources of ertor 
mentioned in this paragraph apply als 
to translatory shear tests and torsio 
shear tests on ring-shaped samples. 

The teeth of the porous stones in the 
apparatus shown in Fig. 4 will, in case 0 
tests on undisturbed soil, cause disturb- 
ance of the soil structure close to the zone 
of failure, and the general arrangement 
makes it difficult to determine the effec 
tive diameter of the sample. 

The actual influence of the above 


+] 
| im, IN : 
— 
- 
S 


‘snjeieddy ‘ory 


Buley UOHOX!y 
Yyouag Suljsa/ 

esog 

2605 

WIOLS 
260D 
2605 Joss 

49/490 4240/4 sacdp 
UOHOXI 

apinD 
SUid BPIND 

JOY 

Mas2g Bulpoo7 


STS 


Zz 
r 
Z 


UOISSIWSUQL 


bury 42420 

6buly sauut 

Uofsig Buiy 

asog 

Pajojuag 


HVORSLEV O 


HY KIS BOAGAHKDSY 


1007 
be 
late 
the 
int 
ar 
Case | 
y,a = 
the 4 ' 
= 
-- 
Va 
“jj 
= 


1008 


mentioned sources of error can only be 
determined by extensive experiments, 
and the author does not have sufficient 
data at hand to express an opinion on the 
reliability of the results of torsion shear 
tests on solid cylindrical samples. The 
author has been informed by Mr. Langer 
that, as a result of experiments with 
three apparatus of the type shown in 
Fig. 4, a new apparatus of the same type 
but embodying several improvements 
has been designed and will soon be built 
and tested. 


TORSION SHEAR TESTS ON RING-SHAPE 
SAMPLES 


The most conspicuous disadvantage of 
torsion shear tests on solid cylindrical 
samples is that the shearing stresses and 
volume changes decrease to zero at the 
center of the sample. The first attempt 
to eliminate this disadvantage was made 
by Tiedemann (15) who in 1933 con- 
structed the apparatus shown in Fig. 5. 
The cross-section of the sample and the 
piston through which the vertical normal 
force is exerted is still a solid circle, but 
the rotating part of the apparatus isa ring 
placed in the bottom of the cylinder con- 
taining the sample. Since the shearing 
stresses and volume changes are concen- 
trated in a zone between a stationary 
core and an outer ring, there is danger 
that the soil will arch over the ring and 
it is even more difficult in this case to 
determine the distribution of normal 
stresses on the plane of failure and to 
correlate the vertical movements of the 
piston with the volume changes in the 
zone of failure than in the case of the 
apparatus shown in Fig. 4. To the au- 
thor’s knowledge, the apparatus shown 
in Fig. 5 has not been used to any great 
extent for practical tests, and Tiedemann 
replaced it in 1937 with the ring shearing 


_ shown in Fig. 9. 


The above-mentioned principal objec- 
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tion to torsion shear tests on samples 
with solid circular cross-section can be 
lessened to a large extent but not entirely 
eliminated by using ring-shaped sam. 
ples. Shearing apparatus of this type 
the so-called ring shearing apparatus 
were developed independently in 1934 hy 
Gruner and Haefeli (4), Cooling and 
Smith (2), and by the author (6, 7). 
The ring shearing apparatus developed 
by the author is shown in Fig. 6. It was 
built in the Soil Mechanics Laboratory 
of the Vienna Institute of Technolog; 


with the aid of funds generously placed 


at the author’s disposal by Terzaghi, 
under whose direction the research was 
carried out. ‘The stationary part of the 
apparatus consists of a base plate witha 
ring-shaped groove for the sample, 4, 
which has an internal diameter of 5.95 
cm. and an external diameter of 11.95 
cm. By means of inlays the height of 
the sample can be varied between 05 
cm. and 3.0 cm.; a height of approxi- 
mately 2.0 cm. was generally used. The 
rotating parts consist of the inner ring, F, 
the outer ring, G, the ring-shaped piston, 
E, and the wheel, H, through which the 
torsional moment is exerted. This mo- 
ment is transmitted to the sample i 
part by the rings and the walls of the 
groove and in part by porous stones 
equipped with radial teeth, B. Four 
holes, P, in the piston and the glass 
standpipe, R, serve as water outlets and 
reservoirs. The vertical normal load is 
transmitted through the screw, /, and 
very flexible steel cable. 

The general arrangement for trans 
mitting normal and shearing loads t 
the sample is shown in Fig. 7. This 
loading arrangement is of the stress 
control type, which is preferable for in- 
vestigation of the slow plastic flow before 
failure and for the determination of the 
maximum shearing resistance. For the 
purpose of investigation of the decreas 
in shearing resistance and the influenc 
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of the velocity of the rapid plastic flow 
after failure a loading arrangement of the 
strain-control type—as used in the Insti- 
tute of Technology in Hanover, Ger- 
many, and developed independently in 
this country by Glennon Gilboy—is 
preferable. The shear tests can be per- 
formed in three different ways as fol- 
lows: 

1. By “restrained rings,” whereby the 
pins, K, are inserted and force the rings 
to follow the rotary but not the vertical 
movements of the piston. The rings are 
raised from 1 to 2 mm. before the test by 
means of the screws, M. The narrow 
space under the raised rings is filled with 
heavy grease in order to prevent evapo- 
ration from the exposed surface of the 
sample. 

2. By “free rings,” whereby the pins, 
K, are left out so that the rotary move- 
ment of the rings is not governed directly 
by the movements of the piston. As in 
case No. 1, the rings are raised before the 
test by means of the screws, M. 

3. By “fixed rings,” whereby the rings 
are fastened to the base by means of the 
screws, NV, and the pins, O. The pins, 
K, and the screws, M, are left out and 
the rings are not raised before the test. 
In this case failure of the soil takes place 
a short distance below the piston. 
Comparative tests on remolded soils 
were performed with the three testing 
arrangements. Arrangements Nos. 1 
and 2 gave nearly identical results; there- 
fore the pins, K, are not necessary. On 
the other hand, these two testing ar- 
rangements gave from 2 to 10 per cent 
smaller values for the maximum shearing 
resistance, a smaller total twist, and 
larger vertical settlements of the piston 
than arrangement No. 3. The smaller 
values of the shearing resistance are un- 
doubtedly caused by stress concentra- 
tion at the edge of the rings and the 
larger settlements by soil being squeezed 
out in the narrow space under the rings. 
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The ultimate minimum shearing resis. 
ance after failure was the same jp q| 
three cases. These results indicate tha 
testing arrangement No. 3 is to be pre 
ferred for tests on remolded soils, \ 
tests were made on samples of undjs. 
turbed soil. For such soils it woul 


-Sample H-Lever 


8-Upper Inner Rings I-Upper Piston 
C- Outer Rings K-Lifting Yoke and Bolts 
D-Lower Inner Ring 1L-Stationary Beam 
E-Lower Outer Ring M-Pendulum Supports 
F-Base Piston N- Shaft for Normal Force: 
G-Shatt _ O-Water Basin 
P-Piston Yoke 


Fic. 8.—Ring Shearing Apparatus by Haefeli 
Schweizer Bauzeitung, Nos. 24 and 26 (1938). 


probably be best to use testing arrange: 
ment No. 2, since the soil structure in the 
immediate vicinity of the teeth of the 
porous stones may be partially disturbe: 
and since the plane of failure, obtaine! 
with testing arrangement No. 3, is clo 
to the underside of the piston. Further 
more, there is generally less danger “ 
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soil being squeezed out under the raised 
rings when samples of undisturbed soils 
are used. Examples of the result of 
tests with this apparatus are given in 
Appendix I. 
In their paper on “The Shearing Re- 
sistance of Soils,’”’ Cooling and Smith (2) 
give only a very brief description and 
furnish no drawings of the ring shearing 
apparatus which they have developed. 
The sample has an internal diameter of 
3} in. and an external diameter of 4 in.; 
its height can be varied between 1 and 
ik in. The tests were conducted with- 
out any external normal loads and the 
vertical sides of the sample were exposed 
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mined by means of this apparatus; only 
the total shearing resistance for a given 
void ratio is obtained. The results of 
the tests are directly comparable with 
the results obtained by unconfined com- 
pression tests and, according to the pub- 
lished results, the agreement is satis- 
factory. 

The ring shearing apparatus developed 
by Haefeli (5) and built in the Federal 
Institute of Technology in Zurich is 
shown in Fig. 8. The sample has an in- 
ternal diameter of 16.0cm. and an outside 
diameter of 24.0 cm. and is confined 
by inner and outer rings. The upper 
piston, 7, and the upper rings (B and G) 


A-Sample__ G-Ring Cover 
B-Inner Ring H-Wire Cloth 
C-Outer Ring I-Cone Roller Bearing 
D-Ring Riston  K-Thrust Ball Bearing 
‘Water Basin M-lLoading Ro 
Z 
| 
B 80 tf 
UM 


to the atmosphere instead of being con- 
fined between metal rings. In view of 
the fact that the friction and stress con- 
centrations caused by the metal rings are 
eliminated, the agreement between the 
actual and theoretical stress distribution 
is better in this apparatus than in the 
other types of ring shearing apparatus 
described in this paper. On the other 
hand, the sample is subjected to capillary 
forces which change during the test and 
cannot be determined with satisfactory 
accuracy. ‘Therefore, the effective nor- 
mal stress on the plane of failure, the 
coefficient of internal friction, and the 
true cohesion of the soil cannot be deter- 


Fic. 9.—Ring Shearing Apparatus by Tiedemann. 
Die Bautechnik, Nos. 30 and 33 (1937). 


are held stationary by the beam, J, and 
the pendulum supports, M, while the 
base piston, Ff, is rotated by means of 
the lever arm, //. Both pistons are pro- 
vided with radial ribs for transmission 
of the torsional moment to the sample. 
The vertical normal load is transmitted 
to the piston through the rod, N, while 
the thrust on the rotating base is taken 
up by the shaft, G, which rests on a steel 
ball; the friction due to rotation of the 
base is thereby reduced to a negligible 
amount. The upper rings are raised 
before the test by means of the yokes 
and bolts, K. A large basin, O, is 
attached to the base and filled with 
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water, so that the rings and the sample 
are submerged during the test. 

A similar ring shearing apparatus, de- 
signed by Tiedemann (15) and built in 
the Preussischen Versuchsanstalt fir 
Wasser-, Erd-, und Schiffbau in Berlin, 
Germany, is shown in Fig. 9. The 
sample has an internal diameter of 8.0 
-em., an external diameter of 14.0 cm., 
and a height of 2.0cm. It is confined in 
part by the inner and outer rings B and 
C and in part by the ring-shaped cover, 
G, which is provided with radial ribs and 
fastened to the wheel, L. The cover and 
wheel are guided by the cone roller bear- 
ing, 7. The piston, D, is also provided 
with radial ribs and is connected to the 
base, E, by means of taps and thereby 
held in stationary position during the 
test. The spaces between the ribs are 
- covered with wire cloth in order to fa- 
cilitate drainage. The rings and the 
sample are submerged in water, con- 
tained in a basin formed by the cylinder, 
F. The vertical normal load is trans- 
mitted through the thrust ball bearing 
K and the rod M. 

The test specimens are prepared and 
placed in the apparatus in the following 
manner. The sample is roughly cut to 
the required dimensions; the rings B and 
C, which have a height of 2.0 cm., are 
held in a template and gently forced 
down into the sample. The template is 
then removed and the ends of the sample 
cut off flush by means of a wire saw. 
The ring-shaped cover G is placed on a 
table in an inverted position; the rings 
- containing the sample are then placed on 
top of the cover and the sample forced 
into the cover by means of the piston D. 
_ The assembly is then turned over and 
placed on the base plate. This pro- 
cedure is also used for tests on remolded 
soils, which are consolidated under the 
desired normal load in the boxes of a 
translatory shearing apparatus. The 
number of tests which can be made with 
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the ring shearing apparatus in a give, 
time is thereby increased. Howeye 
the transfer of the samples from th 
boxes of the translatory shearing apy. 
ratus to the ring shearing apparatus wit 
consequent unloading and reloading ang 
the possibility of disturbance of the gj 
during the preparation of the ring-shaped 
sample may in some cases be objection. 
able. When the shearing boxes or the 
sampling tubes, by means of which the 
undisturbed samples have been obtained, 
have a diameter less than 14.0 cm., the 
sample for the shearing test is compose 
of ring-shaped segments, cut by means 
of special templates. Examples of the 
results of tests made with this apps 
ratus are given in Appendix I. 

In comparison with apparatus for tor- 
sion tests on solid cylindrical samples, 
the ring shearing apparatus has the dis- 
advantage that it is somewhat mor 
difficult to prepare and place samples of 
undisturbed soil, but it has the advan- 
tage of a much more uniform distri- 
bution of angular displacements and 
corresponding shearing stresses and 
thereby also greater uniformity of vol- 
ume changes and normal stresses on the 
plane of failure. This uniformity i- 
creases theoretically with decreasing 
thickness of the soil ring, but the influ 
ence of the friction between the sample 
and the rings and of the stress concen- 
tration at the edge of the raised rings 
will also increase and it is probable that 
the wall thickness or the ratio betweer 
the internal and external diameters o 
the ring should not be reduced beyond 
definite value which must be determinet 
by tests. In the various ring shearing 
apparatus constructed to date the ratl 
between the internal and external diam 
eters of the soil ring varies between 05 
and 0.8 but, to the author’s knowledge, 
experiments to determine the best value 
have not yet been made. 

According to Tiedemann (15), the ming 
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shearing apparatus furnishes values of 
the maximum shearing resistance which 
are in close agreement with those ob- 
tained by means of the translatory shear 
test. In tests with remolded clays the 
author (6) found a similar agreement, 
although the ring shearing apparatus in 
some tests with overconsolidated soils 
gave from 10 to 13 per cent smaller 
values of the maximum shearing resist- 
ance than the translatory shear test. In 
case of shear tests on undisturbed soil 
and small vertical loads, the torsion 
shear tests will probably furnish more 
reliable of the shearing 
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test, as there is less danger in the case 
of the torsion shear test that the piston 
will tip or “ride” over the sample. 

The torsion shear test on ring-shaped 
samples is the best type of test, so far 
devised, for determination of the de- 
crease of the shearing resistance and the 
influence of the velocity of the rapid 
plastic flow on the stress-strain curve 
after failure. This type of test is also 
suited for investigation of the slow 
plastic flow before failure. However, 
for determination of the maximum shear- 
ing resistance it is, in the author’s 
opinion, in most cases inferior to the 
triaxial shear test. 


APPENDIX I 


EXAMPLES OF RESULTS OF TORSION SHEAR TESTS | 


The results of torsion shear tests on 
four different clays are shown in Figs. 10 


to 13. The characteristics of the soils 
are given in the figures. The tests on 
Vienna clay and Little Belt clay were 
made by the author, those on London 
Clay by Langer (8), and those on the 
Weser-Elbe Clay by Tiedemann (15). 
The apparatus shown in Fig. 6 was used 
for the tests on the three first-mentioned 
soils and the apparatus shown in Fig. 9 
for the tests on the Weser-Elbe clay. 

The results of a preliminary test to 
determine the bond resistance and the 
velocity of the slow plastic flow of Little 
Belt clay are shown in Fig. 10. The 
soil was remolded and after consolida- 
tion under 5.0 kg. per sq. cm. allowed 
to swell under the reduced load of 1.0 
kg. per sq. cm. In this state of strong 
over consolidation the change in void 
ratio during the test—here an increase 
is very small. The twist 6 of the appa- 
ratus is given in radians; since the ex- 
ternal diameter of the sample i is 12 cm., 
the maximum displacements are 60 X 0 


mm. The last parts of the time twist 
curves are plotted in the lower right 
corner of Fig. 10. These curves show 
that the velocity of the slow plastic flow 
has reached a fairly, although not com- 
pletely, constant velocity 240 hr. after 
the load application. By plotting this 
velocity—indicated by the tangent lines 
in the upper left corner—against the 
average shearing stresses 7, we obtain 
the stress-flow curve, which shows that 
the slow plastic flow starts at r, = 0.15 
kg. per sq. cm. = 30 per cent of the 
maximum shearing resistance and that 
the velocity of the flow increases more 
or less linearly with the increase in 
shearing stresses. ‘The actual bond re- 
sistance is probably a little higher than 
(0.15 kg. per sq. cm. since the time inter- 
val of 240 hr. between load applications 
is not long enough to allow the ultimate 
constant velocity of the slow plastic flow 
to be reached. 

The stress-strain curves of the four 
soils are shown in Figs. 11, 12 and 13. 
The stress-strain re lationships of Vienna 
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clay and Little Belt clay were deter- 
mined by the method shown in Fig. 17, 
Appendix II, while it is possible that the 
average shearing stresses—Eq. 2 in Ap- 
pendix Il—were used in plotting the 
results of the tests on Weser-Elbe clay. 
The principal results of these tests are 
the following: 

Vienna Clay.—The ultimate minimum 
value of the shearing resistance after 
failure is 83 and 72 per cent of the maxi- 
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mum shearing resistance, respectively, 
for natural and over consolidated clay. 
These minimum values are reached by 
twists of 0.38 and 0.057 radians, corre- 
sponding to displacements of 24 and 4 
mm. along the outer surface of the 
sample. The curve in Fig. 11(a@) shows 
a temporary minimum of 73 per cent, 
which undoubtedly is due to a temporary 
excess pressure in the pore water, caused 
by remolding during the rapid plastic 
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flow after failure. Details of this tes 
are shown in Fig. 18. 

Little Belt Clay.—The minimum yalye 
of the shearing resistance after failure jg 
40 and 30 per cent of the maximum 
value, respectively, for natyral and over 
consolidated clay. The corresponding 
twists are 0.5 and 1.3 radians or mayi- 
mum displacements of 30 and 78 mm, 

London Clay.—The minimum values 
of the shearing resistance vary from 55 
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Little Belt Clay. Velocity of slow plastic flow before failure. 


to 62 per cent of the maximum values 
and are reached by twists of 20 to 3 
deg. or maximum displacements of 2! 
to 37 mm. 
Weser-Elbe Clay.-In case of tests o! 
undisturbed soil the minimum values 0 
the shearing resistance vary from 30 to 
44 per cent of the maximum values and 
are reached by displacements of about 
10cm. For the remolded soil the min 
mum values are 44 to 45 per cent of the 
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maximum values and the corresponding _ the stress-strain relationships were to be 


est 
displacements about 14 cm. These determined by the method shown in 
e is Ps Overconsolidation (See B) | | | | | 
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ver 80 Tes we 
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es of Fic. 11.—Stress-Strain Curves for Shear Before and After Failure. 
30 to 5 All tests performed on remolded soil with the ring shearing apparatus, Fig. 6. 
Little Belt Clay.—Liquid limit 125.7 per cent, plastic limit 35.5 per cent, grain diameter 93 per cent < 0.003mm. 
$ and ienna Clay.—Liquid limit 45.6 per cent, plastic limit 21.1 per cent, grain diameter 38 per cent < 0.005 mm. 
ibout 
mini- large displacements indicate that the Fig. 17, the displacements corresponding 
of the shearing stresses represent the average to the minimum values of the shearing 


shearing stresses. If this isthe case and resistance would be reduced to about 60 
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per cent of the displacements shown in 
Fig. 13. The curvature of the stress- 
strain curves at the point of failure ap- 
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pears very sharp in case of this clay, but 
this is primarily the result of the small 
scale used in plotting the displacements. 


STRESS AND STRAIN THEORY OF TORSION SHEAR TESTS 


The direct result of torsion shear tests is a 
series of corresponding values of the total 
torsional moment and the twist of the sam- 
ple. From these results it is desired to 
determine the stress-strain relationship for 
shear and, particularly, the maximum and 
minimum values of the shearing resistance. 
In the following only the formulas for a ring- 
shaped sample, Fig. 14, will be given, since 
the formulas for the solid cylindrical sample 


Moment M 
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Fic. 14.—Soil Cylinder in Torsion. 


p, 


can be obtained by setting the internal 
diameter R; = 0. 

In case of torsion tests on elastic, brittle 
materials it is often assumed that the shear- 
ing stresses vary directly with the distance 
from the axis of the sample. ‘This assump- 
tion corresponds to the stress-strain curve 
0-A in Fig. 15 and leads to the well-known 
formula for the shearing stress 7, at the outer 
cylindrical surface of the sample, 


a(R} — Rf) 


Te 


where M = the torsional moment. The 
shearing resistance or maximum shearing 
stress at failure cannot be determined by 
means of this formula unless there is an in- 
stantaneous and very material drop of the 
stress-strain curve after failure. If the for- 
mula is applied to torsion shear tests on 
soils, it will furnish values for the maximum 
shearing resistance which are much higher 
that the actual values. The error increases 
with the ratio Re/R; and may reach 30 per 
cent for a solid sample. =—_ 
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_ Fic. 15.—Soil Stress-Strain Curve for Shear. 


In the case of torsion tests on plastic ma-- 
terials it is commonly assumed that the 
shearing stresses are uniform throughout the — 
zone of failure. This assumption corre- 
sponds to the stress-strain curve O-A-C in 
Fig. 15 and leads to the formula: 


3M 
— Ri) 
If this formula is applied before failure, 
it will give the average shearing stress; hence 
the designation 7,. As will be shown later, 
the formula gives reasonably correct values _ 
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for the maximum and minimum shearing 
resistance of soils, but it should not be used 
for determination of the stress-strain curve. 

At this point it should be mentioned that 
the planes of failure in a cylinder of a ma- 
terial with considerable internal friction and 
subjected to pure torsion will not be per- 
pendicular and parallel to the axis of the 
cylinder. This fact has been proved experi- 
mentally by Cooling and Smith (2). The 
inclination of the planes of failure in a ma- 
terial to which Mohr’s condition of failure 
applies is shown in Fig. 16. Therefore, if 
the torsion shearing apparatus produces a 
plane of failure which is perpendicular to the 
axis of the sample, we know that we are no 
longer dealing with pure torsion and pure 
shear but have introduced extraneous forces 
and complicated stress conditions. 

Duguet-Ludwig-Prandtl have shown that, 
by making certain less radical assumptions, 
the stress-strain curve for shear can be 
determined by graphical differentiation of 
the moment-twist curve (see Nadai (10)). 
The method was developed for a solid cyl-_ 
inder but is easily expanded for use on a ring- 
shaped soil sample. 

The sample and the forces are shown in 
Fig. 14. It is now assumed that in the zone 
of failure all planes perpendicular to the axis 
remain plane, that the unit shearing strain 
varies directly with the distance r from the 
axis, that the vertical loads p and the hori- 
zontal pressures p, are uniformly distributed 
and remain constant during the test, and, 
finally, that the friction between the sample 
and the rings of the shearing apparatus only 
causes a uniform concentration of the shear- 
ing strains, so that the shearing strain + 
for the twist # can be expressed by 


The unknown stress-strain function, Fig. 15, 
‘may be written as 
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By means of Eqs. 4 and 5 and assuming ths 
the function f(y) is continuous throughoy 
the interval under consideration, we obj,i 
for the moment M, . 


Re £72 
M = tr’ dr = [ f 


Ry 


6 6 
Since y, = and y, = h the 


integral is also a function of @ or 


M = F(@)... 


Assuming that this function and its 
derivative are continuous, and since f(y 
independent of 8, differentiation with respec 
to @ gives 
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Since 7, = and = i(| 


the above equation can by means of Eq. 
be reduced to 


3 
— 
R2 


The left side of this equation has the sam 
form as the Duguet-Ludwig-Prandtl equa 
tion but there are two unknowns on t 
right side. In order to solve Eq. 8 we: 
struct, as shown in Fig. 17, the curv 


6 dM 
F\(0) = M 
i(0) + 
and with 


Eq. 8 can be written as 


F,(@) + n'n... 


T2 


~ 


= 
= 
° 
= 
“ag 
— 
-— 
3 
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ng sor, by introducing the reduced height = 
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Fic. 16.—Planes of Failure in a Soil Cylinder Subjected to Torsion. 
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Determination of the Stress-Strain Curve from the Moment-Twist Curve. 
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/ | \ | 
n= SF, (8) = NF; (nO)+ (n20) +n 9F, + —— 
2 
sar 3 
T> = ———— Ff, (8) 
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By reason of Eqs. 4 and 5 we also have 


3 3 
= 2nR? F,(n0) + T (no) 


and 


= ; 2 


etc. 
The following equation is then obtained 
by summation: 


+ n° F,(n?0) + n° F,(n'0) + ) 
and with 


F,(0) = F,(0) + Fy(nd) 
n* F,(n20) + F\(n?0) + .(14) 


3 
- 15 
T2 F,{0) (15) 
and 
3 
Ti (16) 


To the ordinates of the F,(@) curve in Fig. 


AF,(6) = 


+ n° F,(n?0) + n° + ---..(17) 


and obtain thereby the /2(@) curve, from 
which the shearing stresses 7; and 72 are 
computed by means of Eqs. 15and16. The 
series in Eq. 17 converges rapidly and it is 
generally sufficient to include the first two 
or three members. Furthermore, it is only 
necessary to compute the series in Eq. 17 
for two or three small values of 8; when the 
first part of the /'2(9) curve has been plotted, 
the remaining part can be obtained by 
means of the simpler equation 


SF\(0) = F2(nd)....... . 


‘The ordinates to the curves (6) and F2(6) 
in Fig. 17 represent the shearing stresses 7, 
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and 72, respectively. The moment M = 


F(6) reaches its ultimate minimum yaly 
for the twist and remains constapy 
from then on. At this point we have r, - 
™ = 72. The stresses tT. and 7; also reach 
their ultimate minimum values for the twist 
9m, while F2(@) and 72 attain their ultimat, 
minimum values for the much smaller twist 
642 = n X Og. This relation does no 
apply to a temporary minimum. The m 
ment and 7, reach their maximum values 
for the twist 0.4, while F2(0) and 7. attai 
their maximum values for the somewhat 
smaller twist Ta2, but the ratio between the 
two twists depends in this case on the shapy 
of the moment curve. ) 
For the apparatus shown in Fig. 6 we 
have Ry = 2.975 cm., Re = 5.975 cm. 
n=4,andM = 19.64 Skg-cm., whereS 
is the shear load (see Fig. 7). By intro- 
ducing these values in Eqs. 2, 15, 16, and 17 
and by using the load curve S = F{@) in- 
stead of the moment curve M = F(@),t 
following equations are obtained: 


r cm 
Ta 70 g. per sq. cm.........(19) 


6dS 
(0) = (20 
F\(@) 


1 2 64 1 4 


= 
ois 
+ 


F.(0) kg. per sq. cm.... .(22 


22.8 


1 0 
= F. kg. per sq. cm... 
™* 22.8 (5) 


An example of the determination of t 


various curves is shown in Fig. 18. The 


maximum values of 72 and 7, are appr 
mately equal. In other tests made by t 


author the value of 72 was only from 0 to? 
percent larger than the value of ta. The 


ultimate minimum values of these stress 
are, of course, equal, but there may be 
siderable difference in temporary minimu! 


values, 
the tw 
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values, and there is a very large difference in minimum values of the shearing resistance, 
the twist at which either the temporary or _ but this equation should not be used for de- 


Vertical Settlements ,mm. 


1.3 
|_ “—This Part of. the Moment Curve is Sketched in by 
| Means of ‘The | Results of Several Tests 
hat he) =-Vertica | Tol 
£ | | | | | Utimate.. 0.83! lo32 
joo | | Rest Period, hr..... 1054 127 320 122\o1 
4 0204060810 | een Max. Ta, kg. per sg.cm. 1.02 106 107 1.08 1/0 0 
024 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 444648 50 
Twist of Apparatus - 6-100 
Fic. 18.—Vienna Clay, Test with the Ring Shearing Apparatus, Fixed Rings. 
19 
ultimate minimum values of 72 and7, occur. termination of temporary minimum values 
Therefore, Eq. 2 may be used for the deter- of the shearing resistance nor for the deter- 
mination of the maximum and the ultimate mination of the stress-strain curves. 
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As a result of the research work of 
numerous investigators it is generally 
recognized at present that the shearing 
resistance of a soil, especially that of a 
clay soil, can vary greatly with varia- 
tions in the testing procedure and in the 
conditions under which the same basic 
soil material is tested. 

At the same time we continue to find 
in technical publications data concern- 
ing the angle of internal friction or the 
total shearing resistance of a soil, with 
no indications being given concerning 
the method of testing or the state of the 
soil material to which the data refer. 
In the few cases where such limiting 
indications are given, it is still difficult 
or almost impossible to compare the 
results with others, since very few paral- 
lel tests on different types of soil shear 
testing machines have been performed 
or if they have been made hardly any 
such comparisons have been made avail- 
able through publication. 

The natural result of such conditions 
isa certain hesitancy among practising 
engineers to use data supplied by labora- 
tory shear tests. Some engineers call 
for a standardization of the testing 
procedure in order to remedy this situa- 
tion. Others are strongly opposed to 
any standardization on the grounds that 
it would hamper the much needed fur- 
ther research on the subject. 

Both these two opposed views are 
justified to a certain extent and do not 
‘ppear irreconcilable to the author. 


m. Assistant Professor of Civil Engineering, Princeton 
versity, Princeton, N. J. 
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The main purpose of this paper is to 
outline possible ways for partial im- 
provement of the present situation con- 
cerning correlation of shear test data and 
to promote discussion of this aspect of 
shear testing with which the American 
Society for Testing Materials is mainly 
concerned. 

In the author’s opinion one should 
strictly discriminate between: 

1. Shear tests performed for the pur- 
pose of numerically estimating the actual 
shearing resistance of different types of 
undisturbed soils under varying field 
conditions, and 

2. Shear tests performed for the pur- 
pose of selection of the most suitable soil 
by means of comparison of the shearing 
properties of different disturbed soils 
to be used as an engineering material 
in the field under identical conditions of 
recompaction. 


Shear Tests for the Purpose of Numerical 
Estimation: 


For the first of the above two types of 
shear tests a standardization of the test- 
ing procedure would appear to be not 
only harmful, but to be entirely impos- 
sible, at least for the present. The great 
variety of possible field conditions under 
which an undisturbed soil may be sub- 
jected to shearing stresses and deforma- 
tions, combined with the variety of fac- 
tors affecting the shearing resistance of a 
soil, renders it most inadvisable to im- 
pose for such cases any definite manner 
of soil shear testing. The decision as 
to what testing procedure would most 
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closely approximate the field conditions 
should be left to the individual specialist 
performing the test, especially since his 
test results would in any case require 
interpretation prior to being applied to 
field design. 

All that might reasonably be done in 
respect to this type of soil shear test so 
far as standardization is concerned 
should be limited to the preparation of 
instructions concerning the form for 
reporting shear test data in order to 
facilitate the correlation of test results 
performed by different investigators. 
In this connection it might be useful to 
enumerate some of the main factors 
which affect the shearing resistance of 
cohesive soils, that is of the soils which 
are most sensitive to variation in the 
shear testing procedure and which are 
further most apt to cause trouble in the 
field through shear failures. 

For the same basic clay material, the 
following seven factors would mainly 
affect its shearing strength: 

1. The “preconsolidation load,” that 
is, the greatest previous pressure, due to 
overburden, to drying, or to other causes 
during the previous geological history 
of the soil deposit. The density and the 
cohesion of a clay soil would largely 
depend on the magnitude of this pre- 
vious load. However, there does not 
appear to be any particular necessity to 
determine this load numerically, since 
it is the value of the cohesive forces that 
is of most practical interest and since 
this value, as well as the density of the 
clay, can be determined directly. 

2. The percentage of consolidation 
under the normal load applied. It is 
well established at present that the 
shearing resistance increases with the 
density of a clay as its consolidation 
progresses. The effect of incomplete 
consolidation is relatively negligible 
where originally compact soils are con- 
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cerned; that is, soils which had been 
already consolidated in the past under 
large “pre-consolidation” loads. But 
this same effect may be considerable and 
therefore may have a great practical 
importance where originally weak and 
unconsolidated clays and muds of a high 
water content have to be dealt with jp 
the field. 

3. The rate of application of the shear 
ing force also affects the shearing r 
sistance of a clay soil, which resistance 
decreases with a decrease in the tota 
time of the shear test. 

Results of shear tests made at Princ 
ton University on Detroit clay given 
Fig. 1 illustrate this relationship. The 


Total Time of Test, min. 


Fic. 1.—Results of Tests on Detroit Clay Show 
Dependence of the Shearing Resistance on th 
Rate of Application of the Shearing Force. 


tests were performed in a fully sub- 
merged condition on a controlled shear- 
ing stress machine of simple design,’ 
under normal loads of 0.1; 0.5; 1.0 and 
3.0 tons per sq. ft. The basic materia 
of this Detroit clay had the following 
properties: 


Mechanical Analysis, per cent: 


Coarse sand (2.0 to 0.25 mm.).....-- 
Fine sand (0.25 to 0.05 mm.)......-- 
Silt (0.05 to 0.005 mm.).......----+ 
Clay smaller than 0.005 mm, 


Colloids, smaller than 0.001 mm 
Liquid limit, per cent 
Plastic limit, per cent 
Shrinkage limit, per cent 


2G. P. Tschebotareff, “Simple Soil-Test Machine, 
+; aan News-Record, Vol. 121, November 10, 19 
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Prior to the tests, the clay was fully 
remolded and its water content was 
brought up to the liquid limit. After 
the test, the water content was again 
determined for a check. An unsuccess- 
ful attempt was then made to correlate 
the ultimate shearing resistance to the 
water content at the end of the test; 
whereas for the same normal loads the 
shearing resistance consistently in- 
creased with the increase in the duration 
of the test, the corresponding water 
contents, which ranged from 34 per cent 
to 20 per cent according to the normal 
load applied, did not exhibit any defi- 
nite relationship with the shearing resist- 
ance and were rather erratic in this 
respect. 

Another fine-grained soil tested re- 
cently by the author (the basic soil 
material consisted of decomposed 
leached granite) did not exhibit any in- 
crease of its shearing resistance with a 
longer duration of the test. 

It seems to be still an open question 
whether the soils exhibiting such an in- 
crease do that because of additional 
consolidation during the tests of longer 
duration, or because of changing stresses 
in the water filling the voids or because 
of thixotropic phenomena or of other 
causes. It is still a subject for further 
research. 

4. Some clays lose part of their shear- 
ing strength when remolded and may or 
may not regain it with time. With cer- 
tain types of clays the thixotropic regain 
of strength appears to be very rapid and 
therefore may affect the results of shear 
tests of long duration. The ring 
shearing apparatus appears to be par- 
ticularly well suited for research studies 
of such thixotropic phenomena. 

5. The variation of the shearing re- 
sistance with the total deformation sus- 
tained is another factor of considerable 
practical importance. Tests made at 
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Massachusetts Institute of Technology* 
with a controlled strain machine of novel | 
design have disclosed interesting facts 
concerning this relationship which varied 
with the type of soil tested. 

6. The shearing resistance of a soil 
mass as depending on the principal 
stresses acting within that mass is being 
investigated by tests made with the so- 
called triaxial compression devices. Re- 
search with these devices promises to 
increase our insight into the phenomena 
of shearing resistance. 

7. Last, but not least, comes the 
effect of the size of the shear sample it- 
self which effect appears to have been 
only partially investigated to date. 

The preceding brief discussion should 
serve to show that we are yet far from 
having reached the stage where one 
could recommend any definite and uni- 
form procedure of soil shear testing for 
the purpose of numerically determining 
the actual shearing resistance of a soil — 
mass in the field. Numerous factors 
affect this resistance and their relative 
importance is likely to remain a subject 
for further research for some time to 
come. Different types of apparatus are 
best suited for the study of each of these — 
factors and the existence of these differ- 
ent types is therefore fully justified at 
present. 


Shear Tests for the Purpose of Selection 
of Soils: 

However, for cases where arises the 
practical question of selection of a most 
suitable soil to be used as an engineer- 
ing material (for dams, embankments, 
etc.), a definite testing procedure could 
and should be worked out to provide a 
uniform basis of comparison. 


2H. A. Fidler, ‘‘A Machine for Determining the Shear- 
ing Strength of Soils,’’ published by Massachusetts Insti- 
tute of Technology, June, 1938. 

D. W. Taylor, ‘“‘Shearing Properties of Ottawa Stand- 
ard Sand as Determined by the M.I.T. Strain-Control 
Direct Shearing Machine,” published by the Massachu- 


setts Institute of Technology, June, 1938. 
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Sometimes on the same building site 
one meets possible borrow pits with soil 
material the engineering properties of 
which cannot be differentiated by mere 
visual inspection but which may be 
found to differ considerably if tested in 
a laboratory. For instance, the author 
made soil investigations for the rolled 
fill of the Inland Dam in Alabama where 
two types of clay from different borrow 
pits were being considered for the up- 
stream face clay blanket. One was red 
and the other was yellow. They were 
tested on the same machine, by the 
same testing procedure and both were 
prepared for testing by two different 
methods each. Method A involved the 
complete remolding of the clay under 
addition of water over the liquid limit, 
then reconsolidation in the shear boxes 
under the normal loads of the shear test. 
Method B involved the crushing and 
the tamping into the shear boxes of the 
fairly compact clays (app. voids ratio e 
= ().55) in a manner imitating the con- 
ditions of field compaction of the fill, 
then submersion for 24 hr. in the shear 
boxes. 


| Method A Method B 


Angle of Angle of 

Internal, Cohe- |Internal) Cohe- 
Fric- sion, | Fric- sion, 
tion, | ¢, psi. tion, ¢, psi. 


Red clay..... 
Yellow clay.......... 


The above table gives the test results. 
It may be seen that this particular type 
of red clay definitely is a material with 
more advantageous shearing properties 
than yellow clay. This was not at all 
apparent at first from visual inspection 
alone; neither did a granular analysis, 
performed in the standard A.S.T.M. 
manner, give any indications as to this 
fact. A contrary conclusion might have 


even been reached on this basis since 


the red clay had more fine particles than 
the yellow clay (the red clay had 60 per 
cent particles smaller than 5 yu and 3% 
per cent smaller than 1 y; the yello 
clay had 50 per cent and 15 per cen 
respectively). 

This case may serve as an example of 
the practical utility of shear tests when 
a selection of suitable soils for fills, etc., 
is required. It may also illustrate the 
necessity to have a definite testing pro- 
cedure in order to provide a common 
basis of comparison. Thus the above 
conclusions concerning the two types of 
clay discussed would have been muct 
less or even not at all apparent had the 
tests been performed in one laboratory 
by method A on the red clay with, say, 
15 min. for the total time of test, and by 
method B on the yellow clay in another 
laboratory with, say, 24 hr. for the total 
time of the test. 

In closing, it should be mentioned that 
the manner of preparation for testing of 
a soil sample may strongly affect the 
test results even in the case of noncohe- 
sive soils. Further, the procedure used 
for the compaction of a sand will not 
be the only factor affecting the shearing 
resistance, since other factors too may 
affect the density of a sand; in making 
this statement the author assumes that 
it is generally known at present that a 
compact sand will have a higher value 
of shearing resistance than will a loos 
sand. 

A sand slightly moistened before be- 
ing placed in a shear box will have 4 
lesser shearing resistance than the same 
sand placed in the same manner in thi 
shear box, but either fully dry or full 
submerged. This phenomenon is pre 
sumably due to the decrease in the den- 
sity of a moist and reshovelled sané, 
due to bulking phenomena. For 1 
stance, tests made at Princeton Univer 
sity showed that an addition of 6 pé 
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cent moisture to the sand prior to it 
being placed in the shear box decreased 
the shearing resistance by about 12 per 
cent for Ottawa standard sand (passing 
No. 14 sieve and retained on No. 28 
seve). For a finer sand (passing No. 
30 sieve and retained on No. 200 sieve) 
this decrease of the shearing resistance 
ached 23 per cent since the bulking 
here was more considerable. Naturally, 


no such decrease in the shearing re- 
sistance would occur if the sand was 
moistened after it was placed in the 
shear boxes. In this case a slight in- 
crease might have even become possible 
for very fine sands as a result of capillary 
forces. It therefore appears logical to 
recommend testing sands either in a 
fully dry or in a fully submerged condi- 


tion. 
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ESSENTIAL FEATURES OF TRIAXIAL SHEAR TESTS 


By C. A. HoGENTOGLER! AND E. S. BARBER! 


Tests to determine relations of the 
lateral to applied vertical pressures on 
soil and their use to furnish design data 
have become accepted practice. 

In 1900 J. A. Jamieson (1),? a Canadian 
engineer, utilized manometers as shown 
in Fig. 1 to measure both the lateral and 
vertical pressures of grain in model 
bins. About the same time, E. P. 
Goodrich, investigating pressures against 
retaining walls utilized the apparatus 
shown in Fig. 2, and his findings pub- 
lished in 1904 (2) are substantiated by 
later work in this country (3, 4) and 
quite recently by extensive investiga- 
tions in Germany (5). 

On January 18, 1933, Francis N. 
Hveem filed an application for letters 
patent on a stabilometer, Fig. 3, to test 
various sorts of reasonably stiff plastic 
materials, such as clay, soil (to deter- 
mine bearing values), etc. (6). The 
apparatus had essential features as 
follows: 

1. Flexible cylinder arranged concen- 
trically within a cylindrical shell forming 
a pressure chamber between the two. 

2. Specimens in a flexible cylinder 
loaded axially and means to measure 
accompanying changes in the chamber 
pressures. 

3. Means to measure deformations of 


_ !Senior Highway Engineer, and Junior Highway En- 
gineer, respectively, Division of Tests, U. S. Public Roads 
Administration, Washington, D. C. 

2 The boldface numbers in parentheses refer to the re- 
ports and papers appearing in the list of references ap- 
pended to this paper, see p. 1044. 
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the specimens in the direction of load 
and perpendicular to it. The patent 
was granted April 23, 1935. 

Since 1933 reports on triaxial shear 
or stabilometer tests have been made 
by a number of others. Among con- 
tributors to the subject referred to j 
this report may be listed: Leo Jiirgenson, 
1934 (7); Keverling Buisman, 1934 (8): 
Delft Laboratories, 1936 (9); W. §. 
Housel, 1936 (10); Seibert and Palmer, 
1938 (11); John D. Watson, 1938 (12 
Corps of Engineers U. S. Army, 193) 
(13); and the Bureau of Public Roads, 
Levi Muir, the Shell Oil Co. and the 
Bureau of Reclamation in 1939 (14) 

The varied purposes of the tests, types 
of soil investigated, and laboraton 
facilities available necessitated proce 
dures and equipment which vari 
widely in some respects and yet had 
enough in common to suggest the use 0! 
simplified apparatus with interchange 
able parts to satisfy all the requirements 
The methods employed include « 
“closed” system which prevents volume 
change of samples and an “opet 
system which permits their swell 
consolidation during test. An impen 
ous encasement which prevents entranc 
or escape of air and water enclos: 
samples in the closed system, and placits 
them between porous stones provides fo: 
the entrance or egress of air and wat 
in the open system. 


3U.S. Patent No. 1,998,722. 
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THREE KInpS OF EARTH PRESSURE 
CONSIDERED IN DESIGN 
40 POUND 50 POUND 


WEIGHT WEIGHT 


; Without movement of the earth, 
pressures against the walls, Fig. 4 (a) 
and (b), become the “‘earth pressures at 
rest” which depend upon the coefficient 
, expressed by the relation: 


SHOW SURFACE 
DFFERENT POINTS 
EMPTYING BIN 
WOE OPENING 


1 = lateral pressure, and 
v = vertical pressure. 


However, soil must deform to fail. 


The pressures it produces at maximum 
deformation without failure are termed 
“active” or “passive,” depending on 


CYLINDER FOR DETERMINATION OF RATIO 
OF LATERAL AND VERTICAL PRESSURE 


PURE SHEET RUBBER 


PLATFORM SCALE 


vee Fic. 2.—Apparatus Devised by Goodrich for 


Determining Ratio of Lateral to Vertical 
Fic. 1—Manometer Used by Jamieson. Pressures. 
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Fic. 3.—Hveem Stabilometer. 
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the directions of the applied forces formula published in Public Roads (47 
responsible. is shown in Fig. 4 (c). ) 
Wedges (15, 16) assumed in the design Beneath each half of the load wh; 

of retaining walls, Fig. 4, have lower acts like an embankment breaking 

boundaries, D-D, on which soil slips in Fig. 
when it shears. Weight of the earth © - gram 
in Fig. 4 (a) produces the active earth soil (E 


retaini 
wedges 
pressu 
sive 


compl 


| 


" Fic. 4.—Surfaces of Slip Illustrated. 


‘ Fic. 5.—Rubber Sleeve and Clamps | 
pressure which forces walls outward Encase Samples for Stabilometer Tes! 


and causes D-D to incline at an angle a . ories 
with the horizontal and } with the ver- the middle is a triangular diagran of sti 
tical. Forcing walls backward as in active earth pressure similar to the om found 
Fig. 4(b), produces the passive earth Fig. 4 (a). It is assumed that wedg flexib 
pressure. of earth beneath the surface adjacen! The 
The diagram of supporting value of to the loaded area and _ subject rest, 
soil under a strip load, considered in a passive earth pressure functiol = 
than 
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taining walls to prevent failure of the 
wedges subjected to the active earth 
pressure. Therefore, diagrams of pas- 
jve earth pressure similar to the one 
in Fig. 4 (b) are used to complete the did- 
gram of the supporting value of the 
wil (Fig. 4(c)). The angle a and its 
complement 6 are utilized also in the- 


! 2 


SCALE IN INCHES 


RUBBER CASING 


CYLINDER 


BOTTOM DISK I 


Fic. 6. Mold Used for Compacting Samples 
for Stabilometer Tests. 


ores suggested for the determination 
of stresses in embankments (18), soil 
foundations for rigid loads (19), and 
llexible type pavements (20, 21). 

The coefficient of earth pressure at 
rest, K, as stated elsewhere (22) de- 
pends upon the soil’s elasticity rather 
than its resistance to shear. Active 


and passive earth pressures in contrast 
depend upon the soil’s cohesion, c, 
and its angle of internal friction ¢. 

The angle a, Fig. 4, equals 45 deg. 


+ ‘ and ¢, together with c and K, 


are determined by the triaxial shear or 
stabilometer tests. 
PRESSURE CHAMBER SUGGESTED FOR 
UsE IN THE PREPARATION OF 
SAMPLES 
stabilometer tests, cylindrical 
samples are encased in rubber sleeves 
a 


clamped about bakelite disks (Fig. 5) 
which, with or without porous stones, 
are placed at the ends of the samples. 
- Samples of stabilized soil and em- 
_bankment materials may be compacted 
in the apparatus shown in Fig. 6. 
_ For tests using the closed system, 
compacted samples are placed in the 
rubber jackets with impervious disks 
at the bottom ends, and, after removal 
_ from the split cylinder mold, impervious 
_ disks are also placed at their upper ends. 
The clamps are adjusted and threaded 
_ studs are screwed into the bottom disks 
_as shown in Fig. 7 (assembly B). This’ 
assembly can also be used for testing 
undisturbed samples at their natural 
moisture contents. Studs afford means 
to fasten sample assemblies in the sta- 


bilometers, and threaded recesses in 
_ the top disks, for attachment to plungers 
of the stabilometers. 
Assembly G (Fig. 7) is suggested for 
use in determining permeabilities and 


capillarities of samples by application 
of water through the porous stone and 
tube in the bottom disk which furnishes 
a connection with the burette. 


An apparatus, similar to that in 
Fig. 8 with a plain blank top, is usable 
in the pre-testing of samples for con- 


solidation and swell. See also Rendulic 
(23) and Jiirgenson (7). Rise of water 
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Fic. 7.—Assemblies Showing Porous Stones and Disks Placed at Ends of Samples. — 


in the burette, assembly C, 

te speed and amount of consolidation — 
of samples at the applied air pressures; 
and drop of water in the burette indi- 
cates their swell. Metal guides attached 


to the top disks are to prevent tilting 


of samples during such tests. 


At the conclusion of the preliminary © 
tests, all spaces in porous stones, disks, 
and tubes at the bottoms of assemblies 
C and G are filled with water. 
connecting the burettes and capping 
the tubes and, in the case of assembly G, 
replacing the perforated top disk with 
an impervious one, completes the change 


to assembly D (Fig. 7). 


The Closed System: 


Figure 9 is a diagram of a pressure | 
chamber and sample assembly which is 
usable in the closed system of test. 
A nut on the tube fastens the assembly 
D to the chamber. A similar nut on 
the threaded stud, assembly B, serves a 


similar purpose. 


Attaching one end only of sample 
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Fic. 8.--Pressure Chamber for Use in ¢ 
dating Samples. 
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semblies to the pressure chamber dis- 
tinguishes the stabilometer, Fig. 9, 
ys the free-rubber type used by Jiirgen- 
wn, Delft Laboratories, Harvard Uni- 


versity, Corps of Engineers, U. S. Army 


and the Bureau of Reclamation. 

Harvard University and the Corps of 
Engineers suggest glycerine as a liquid 
satisfactory for use in the cylinder. To 
prevent leakage, Harvard utilized the 
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Fic. 9.—Stabilometer of the Plunger Type. 


stung box, Fig. 10, and the Corps 
of Engineers, the bronze bushing, Fig. 9. 
Relative to the experience at Harvard 
University, John D. Watson (12) states: 
‘It is absolutely essential that friction 
between this piston and the head be 
reduced to a negligible amount. At 
the same time it must be possible to 
maintain the hydrostatic pressure in 
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the compression chamber constant while 
a test is in progress. A highly viscous 
fluid in the compression chamber would 
be far better than air because air under 
pressure is very difficult to confine with- 
out leakage. Glycerine was chosen be- 
cause in addition to a high viscosity it is 
soluble in water and easy to wash off 
and clean up, and it does not attack 
rubber. The piston rod is jacketed with 
graphite steam packing, but the packing 
gland is screwed down so little that the 
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Fic. 10. 


The Triaxial Compression Chamber. 


piston rod will fall slowly under its own 
weight.” 

Relative to the use of the bronze 
bushing, a report by the Corps of Engi- 
neers (13) states: ‘““The hemp packing 
box has been eliminated and a bronze 
bushing substituted in its place. Ex- 
perience has shown that friction is 
eliminated thereby and that leakage of 
glycerine even at high hydrostatic pres- 
sures is negligible.” 

Relative to the closed system, a 
report (14) on the Bureau of Reclama- 
tion’s apparatus (Fig. 21) states: “The 
specimens are encased in thin-wall rub- 
ber tubes which clamp to metal end 
plates, thus keeping the water which 
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- completely fills the pressure cylinder 


while pressures within the chamber are 


from wetting them.” 
APPARATUS SUITABLE FOR VARIED 
PURPOSES 
It is convenient to arrange the stabil- 
ometer in loading devices so that upward 
movement of the plunger is prevented 


(a) Before test. (b) Plastic yield. (c) Failure—shear cones. (d) Failure—shear plane. 
Fic. 11.—Deformation of the Sample During Test. 


increased to those selected for use in the 
tests. At particular lateral pressures 
thus provided, samples are compressed 
to failure by vertical pressures applied 
through the plunger. 

Figure 11 illustrates the failure of a 
cylindrical sample. As the cylinder 
shortens it bulges first (Fig. 11 (b)) and 
then fails along the surfaces of slip 
(Fig. 11 (c) and (d)) which incline to the 
horizontal at the angle a shown in the 
stress diagrams, Fig. 4. 

Tests on samples comprised of dif- 
ferently colored modeling clays disclosed 
the deformations, Fig. 12, undergone by 
the layers which had uniform thickness 
prior to test. 

Reduction of the vertical pressure, ac- 
companied by increase of lateral pres- 
sures, facilitates removal of samples from 
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per 


the chamber and container by reducing 
their diameters. 


Analyses of test data by means equals 
Mohr’s circles of stress have been ¢ equals 1 
scribed in Public Roads (24). Commo, Figur 
tangents which disclose the values of The full 
and @ are drawn to arcs constructe tion be 
from a knowledge of the vertical pres pressure 
§ 
3 
a 
8 10 
2 
2 
rt 
; 
> 
2 
= 
0 
VER! 
Fic. 
Fic. 12.—Defo 5 
The light and dark bands were of equal ai 
uniform thickness before testing. straigh 
tions f 
sures, v, and the lateral pressures, |, The 
the sample at failure. 
To illustrate, let the stress-strain rela id 
tions, Fig. 13, represent data furnished 
by two tests. The cylinder tested at the nd r 
lateral pressure equals 100 Ib. 


ft., failed at a vertical pressure 0 of 1046 
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ip. per sq- ft. The cylinder tested at / 
qquals 500 Ib. per sq. ft. failed at v 
equals 1900 Ib. per sq. ft. 

Figure 14 shows the graphical analysis. 
The full line at the top shows the rela- 
tion between shear stress and normal 
pressure at failure of the cylinders. The 
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Fic. 13. 


Stress-Strain Relations for Two 
Samples. 


traight broken lines show similar rela- 
tions for strains less than the ultimate. 
The arcs have centers on the abscissa 
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i distance of from the origin; 
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ircular arc at the point corre- samples during test. The special ma~ 
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lb. per sq. ft.; 

and makes its radius equivalent to 

1046 — 100 
2 

As the next step the relations of c and 

¢ to deformations of the samples may be 


sponding to 
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Fic. 14.—Graphical Analysis of Stresses in 
Cylinder. 
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Fic. 15.—Stabilometer Assembly with Special 
Manometer. 


shown as published in the ASTM 
BULLETIN (25) and in the Proceedings 
of the Highway Research Board (22). 
Use of sample assembly C with the 
special manometer, Fig. 15, permits the 
determination of pore pressures within 
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-nometer has been discussed by Rendulic 
. 23) and Hvorslev (26) elsewhere. 

It may also be desired to determine 
the critical density of sands. This has 
been described by Arthur Casagrande 
(27) as that density at which a soil can 
undergo deformation or actual flow 
without volume change. See also Bur- 
mister (28). For this purpose assembly 
Cis suggested. 
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Fic. 16.—Stabilometer Assembly of the Fixed 
Rubber Type. 


COMPRESSED AIR 


And at times, tests on samples at the 
pore pressures of the pressure chamber 


‘ _ may be required. Assembly F is sug- 

; gested for this purpose. 

Tue CoeFFICIENT K DETERMINED 

| UsING THE FIXED RUBBER 
TYPE 


In the determination of coefficients of 
earth pressure at rest, lateral deforma- 
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tion of samples is confined to a minimy; 


7 


For this purpose, the stabilometer, Fig 
16, is suggested. By the use of samp} 
assembly G and at the discretion of + 
operator water may be applied direct 
to the top of the sample and by the con 
nection through the lower disk, to th; 
bottom of it. 

The rubber sleeve of the sample as 
sembly attached at both ends to { 
pressure chamber distinguishes the st 


fs 
| 
1 
{ 
GLASS CELL 
FLUIO | $ 
SAMPLE —T TT 
i 
DIMENSIONS = 
OF SAMPLE 
DIAMETER 67M | 
HEIGHT £12 CM 
[ 


Fic. 17.—Cell Apparatus Developed b 


Delft Laboratories. 


bilometer, Fig. 16, as the fixed rubber 
type which has been used by Hveen 
Buisman, Housel, Seibert and Palmer 
Muir, the Shell Oil Co., and the Del 
Laboratories (14). 

In making the test for coefficient 4, 
the chamber is completely filled wi! 
water and both outlet and inlet valve 
are closed to prevent escape of the water 
during test. The vertical pressure * 
then applied through the plunger, 4 
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-a soil are obtained from samples com- 


the gradually increasing lateral pres- 
sures are read from the gage. 
Relations of A to moisture content of 


pacted at or consolidated to different 
moisture contents and tested at pres- 
sures within the range for which informa- 
tion is desired. 

The stabilometer, Fig. 16, with con- 
finement of liquid in the pressure 
chamber typifies also the cell apparatus, 
Fig. 17, used at the present time to test 


the soft undersoils for which Holland is — 


noted. Thirty-eight of the devices were 
in use in the Delft Laboratories in the 
summer of 1938, and twenty-five more 
had been prepared for shipment to the 
University of Ghent, Belgium. 

The testing procedure, described else- 
where (14), provides for the escape of the 
liquid in small amounts at a time from_ 
the chamber. This in turn causes in- 


creasing shear resistance to be developed — 


as the soil deforms. Its unique feature 

is the testing of but one sample to obtain 

values of c and ¢ of an undisturbed soil 

at its natural moisture content. For 

shear tests of the same soil at lower 
moisture contents, samples are first con-- 
solidated in the stabilometers. 

The long period of time required for 
this makes it advisable to preconsolidate | 
the samples in the separate chamber, 
Fig. 8. 

The impervious top disk of the sample, - 
assembly C’, would then be replaced by 
the porous stone and perforated disk, 
assembly G, and the rubber sleeve 
slipped over and clamped about the 
metal extension as shown in Fig. 16. 

The selection of the type of stabilom- 
eter depends primarily upon the size of 
the samples to be tested, pressures to be 
used during test, laboratory facilities and 
personal preferences as to the use of air 
or liquid in the pressure chamber. 

Sample Dimensions.—To insure that 
planes of rupture intersect the sides of 
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samples, their heights should be at Jeg 
twice their diameters. A diameter of ) 
in. is satisfactory for soil which pass 


sieve No. 10. 
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Fic. 19.—Stabilometer Assembly of the Ring 
Type. 


Samples with larger sized particles te 
quire larger diameters. Hveem lhe 
found a diameter of 4 in. satisfactory i 
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etain types of bituminous road surfac- 
ings, and the Reclamation apparatus is 
witable for testing samples up to 6 in. 
‘. diameter by 16 in. long. 

Chamber W alls.— Apparatus of the size’ 
‘jystrated in Figs. 8, 9, 16, 18, and 19, 
orovides for the testing of samples 2 in. 
indiameter by 45 in. high. For tests of 
sich samples the use of transparent tub- 
ng for the outer shell of the pressure 
chamber is recommended, since, among 
other things, it provides desirable visual 
inspection of samples during test. 

Use of glass for this purpose, Fig. 20, 
vas proposed by Buisman in 1934 and 
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Fic, 20.—Cell Apparatus with Glass Cylinder 
Used by Buisman. 


it is still used in European laboratories. 
The transparent plastics used in this 
country are recommended as more suit- 
able. Relative to experience with them 
it Harvard University the Watson re- 
port (12) states: 
_ “This pressure chamber was designed 
lorand has been successfully used under 
an internal pressure up to 10 kg. per 
q. cm. [Plate B II-1 the accompanying 
Fig. 10] shows that it consists of a Lucite 
cylinder enclosed with rubber gaskets 
between a cast brass head and base.” 
For large samples and for the high 
pressures commonly used to test semi- 
"gid pavement surfacing materials, outer 
cylinders consisting of metal are used. 
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The elaborate apparatus constructed by 
the Bureau of Reclamation is shown in 
Fig. 21. Relative to the latter’s ap- 
paratus, their report (14) states: 

“The loading equipment will develop 
and measure an axial load up to a maxi- 
mum of 7500 lb. and deform specimens 
as much as 4 in.” 

Application of Load.—Some labora- 
tories use testing machines for applying 
load to the samples and measuring their 


Fic. 21.— Stabilometer Used by the Bureau of 


Reclamation. 


vertical deformations. Others make use 
of yokes, levers, or threaded plungers to 
apply the loads, and micrometer dials to 
measure the deformations. 

Figure 22 shows the testing machine 
used at Harvard University. The 
method using the threaded plunger is 
employed by Jiirgenson, Hennes, the 
Bureau of Reclamation, and, in tests of 
unconfined cylinders, as shown in Fig. 
23, by Burmister. 
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Fic. 22.—Apparatus Used in Making Triaxial Shear Test at Harvard University. CSU 
All methods are considered satis- 
factory. However, constant rate of 
strain methods facilitate the determina- 
of deformations indicative of ulti- 
failure and are therefore preferred. 24. 
Pressure Chambers.—Except for their 
a tops, the stabilometers, Figs. 9 and 16, , 
y and the consolidation chamber, Fig. 8, plying 
4 are alike, and all are required for routine oa 
a loyed 
stabilometer tests. However, for use in poy 
making only occasional tests the one 
base and cylinder with the three different i 
tops should prove adequate. If the 
use of glycerine within the chamber or —— 
the possibility of leakage from it is con- werd, 
ity of leakage from it is c “ih 
sidered objectionable, the apparatus, 
Figs. 18 and 19, can be substituted for — 
: or me 
the free rubber type, Fig. 9. 

: To make the chambers airtight, pack — 
ing must be compressed enough to pre Cha 
vent frictionless movement of the 
plunger. Therefore, means within the 

chambers to measure vertical pressures Fic. 23.—Load Measurement by Calibrated I sures 


applied to the samples is required. Ring. 
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For this purpose use of a sylphon bel- 
ows (Fig. 18), or a calibrated ring (Fig. 
19) issuggested. Jiirgenson (7) placed a 
yellows inside the chamber and the 
Bureau of Reclamation (Fig. 21) have 
theirs on the outside. The calibrated 
ring has been used in direct shear tests 
at the Massachusetts Institute of Tech- 
nology (29) and by Burmister (14) in 
unconfined cylinder tests as shown in 
Fig. 23. 

Figure 18 illustrates the use of a ma- 
gometer for controlling lateral pressures 
and the threaded plunger method of ap- 
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Fic. 24.—Stabilometer, Manometer, and Com- 
pressed Air System. 


plying load. Manometers used in Jamie- 
son’s early experiments have been em- 
ployed also in the Delft laboratories, and 
\o supplement pressure gages in the con- 
tol of low lateral pressures by the 
Bureau of Public Roads. Since provi- 
sion is made for measuring applied ver- 
tical pressures, the threaded plunger is 
usable to apply constant rate of strain. 
Figure 19 illustrates also an arrangement 
lor measuring vertical movements of the 
plunger when the loads are applied 
through yokes. 

Chamber Pressures.—The air supply 
‘ystem used by the Public Roads Ad- 
ministration, Fig. 24, provides for pres- 
“ures up to 125 psi. and a reservoir of 


ibrated 
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2 cu. ft. capacity. The Bureau of Recla- 
mation’s apparatus provides lateral pres- 
sures to a maximum of 200 psi. Con- 
stant pressures are maintained by means 
of a pressure control device which auto- 
matically starts and stops the compres- 
sor. For maintaining constant lateral 
pressures up to at least 10 psi., the 
manometer shown in Fig. 18 is a valu- 
able supplement to the automatic pres- 
sure control device. For larger lateral 
pressures, the controlled pressure air 
reservoir is used. 


CLOSED SYSTEM SUGGESTED FOR 
THE DETERMINATION OF 
AND @ 


Data furnished by direct shear tests 
illustrate advantages of the “closed”’ as 
compared with the “open” system of 
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Fic. 25.—Shear Strengths of Samples at 
Different Moisture Contents, Using the Open 
System. 


test. Relations of s to n, Fig. 25, were 
obtained from data furnished by open 
system tests, published elsewhere (30). 
Samples placed between porous stones 
and consolidated to equilibrium at the 
moisture contents indicated were sheared | 
at several normal pressures up to and 
including the consolidation pressure. 

To illustrate deficiencies of the data, 
Fig. 25, let it be assumed that an em- 
bankment which on completion will pro- 
duce a pressure of 6000 lb. per sq. ft. is 
to be constructed on the soil at a natural 
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moisture content of 77 per cent. At normal pressures greater than the soils i 
this moisture Content and for pressures _ solidation pressures, and for this purpoy exhibit 
up to » equals 2000 lb. per sq. ft., ¢ the open system as used in direct shea, with ir 
equals 1140 Ib. per sq. ft. and ¢ equals _ tests is impractical, because of the rapj resist 
4 deg. Consolidation by embankment speed at which the relatively thi Incr 
pressure of 6000 lb. per sq. ft. can be samples used in such tests consolidate thickn 
expected ultimately to reduce the soil’s Therefore, the closed system whi fore i 
moisture content to 48 per cent; and at furnishes the complete data, Fig. 26 moistu 
this moisture content it has for normal deemed more suitable. lubrica 
pressures up to 6000 lb. per sq. ft., Determination of the pressures crease 
values of ¢ and equal 2960 lb. per sq. which the relations of s to change, as moistu 
q ft. and 8 deg., respectively. shown in Fig. 26, is especially importa pressu 
Depending on the relative speeds of since they indicate the upper limit oj The 
embankment construction and consoli- stresses that can be applied withou 
causing the angle ¢ of the soil at a pa 
ticular moisture content to becon 
reduced. the rel 
Thus, the soil, Fig. 26, at a moisture § plaine 
content of 30 per cent has ¢ equals 4 and fo 
lb. per sq. ft. and @ equals 7.4 deg. for 
normal pressures up to the limit of 
equals 1230 lb. per sq. ft. At norma 
pressures greater than m equals 1230 || 
per sq. ft., the shear stress became cor moistt 
stant at 620 lb. per sq. ft. quired 
| Change of the soil’s character wit been ¢ 
nccrease of its ratio of free water to film consol 
moisture has long been recognized. A: made 
_ Fic. 26.—Shear Strengths of Samples at discussed elsewhere (22) this ratio may BP relatic 
Different Moisture Contents, Using the Closed 
System. be increased in two ways as follows: Fro; 
: 1. By increasing the moisture conter obtain 
dation of the undersoil, excessive pore of soil at constant pressure. ¢ and 
pressures may be produced which make 2. By increasing the pressure on 9 becom 
failure of the undersoil imminent. In at constant moisture content. From 
such cases it was considered advisable It has been explained in Public ee eo 
(31) to make use of standpipes inserted (32) that increasing the moisture = | safe V 
in the undersoil so that the speed of its ©! semirigid soils at constant pressure! with 1 
could be cheerved. creases the ratio of free or lubri ating tion a 
water to the more viscous film moistur water 
until at moisture contents above | soft u 
plastic limit, the ratio becomes lar 
enough to give soils the properties 
plastic instead of semirigid materia: The 
In the same publication, data from u lures 
confined cylinders, which are trias promi 
shear tests with the lateral pressure: cter te 
To obtain the supplementary data, = 0, showed that at moisture cont time t 
shear tests must be made on samples at above the “critical” which for pla may b 
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Information required for the intelli- 
gent use of such standpipes necessitates 
extension of the data, Fig. 25, to include 
relations of s to n up to normal pressures 
of 6000 Ib. per sq. ft. for the samples 
which contain both 77 and 58 per cent 
moisture. 
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yils is the plastic limit, the samples 
exhibited little or no additional strength 
yith increasing deformations, above the 
resistance they had at the plastic limit. 

Increasing the pressure (33) reduces 
thicknesses of adsorbed films and there- 
fore in soil maintained at constant 
moisture content, causes the ratio of 
lubricating to film moisture to be in- 
creased as effectively as raising the 
moisture content of soil at constant 
pressure. 

The effect of pressure increase to re- 
duce the lower limit of moisture con- 
tents of soil in the plastic state has been 
reported (34). Therefore, the breaks in 
the relations of s to n, as shown, are ex- 
plained on the basis of film phenomena, 
and for the particular pressures at which 
they occurred, the respective moisture 
contents are considered as the critical 
moisture contents. 

What relation, if any, these critical 
moisture contents bear to pressures re- 
quired to consolidate the soil has not 
been disclosed by investigations of the 
consolidation characteristics of this soil 
made to determine whether any such 
relation exists. 

From the complete data, Fig. 26, one 
obtains relations of moisture content to 
cand @, the pressures at which the soil 
becomes plastic, and the pore pressure. 
From such relations and by means be- 
yond the scope of this report, usable 
safe values of c and @ can be selected 
with respect to the speed of consolida- 
tion as indicated by the elevations of 
water in the standpipes (35) inserted in 
soft undersoils. 


SUMMARY 


The foregoing presents essential fea- 
lures of what seem to be the most 
promising methods of making stabilom- 
tler tests. It is recognized at the same 


ime that compressed air as well as liquid 
may be used to determine the coefficient 
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K and also that the open system may be 
utilized to evaluate c and ¢. Samples 
used in stabilometer tests have heights 
of possibly ten times the thicknesses of 
samples tested in direct shear and there- 
fore, according to the theory of consoli- 
dation, consolidate only one one- 
hundredth as rapidly and in consequence 
have considerably less error due to 
change of moisture content during test 
in the open system. Such tests made in 
the Delft Laboratories by what Pro- 
fessor Huizinga terms the quick method 
(14) are considered satisfactory by him 
for relatively impermeable soils. 

It was the consensus at the Eight- 
eenth Annual Meeting of the Highway 
Research Board (36) “that the triaxial 
compression or stabilometer device is 
the most useful shearing method and 
despite all obstacles it is proposed to 
obtain and use complete stress defor- 
mation diagrams in connection with high- 
way problems.” 

Among the advantages provided by 
this method of test may be listed the 
following: 

1. Samples have the shape common to 
usual compaction, permeability, and 
sampling devices. 

2. Properties of samples as a whole 
instead of only a fraction thereof can be 
determined. 

3. Samples of embankment materials 
may be tested as compacted and after 
they have been tested for permeability 
and capillarity. 

4. Samples of road materials may be 
tested as prepared and after their sub- 
jection to saturation freezing and thaw- 
ing, and the like. 

5. Samples of foundation soils may be 
tested in their natural undisturbed state 
and at several other moisture contents 
to the end that complete relations of 
moisture content to c, ¢, and pore pres- 
sure is provided. 
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6. Samples 
sures similar to those that soils and 
roads are expected to resist under 
service conditions. 

7. Uniform pressures are applied on 
the surfaces of samples. 

8. All stresses on the sample are 


may be tested at pres- 
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measured and may be varied or kept 
constant as desired. 

9. Both the vertical and horizon, 
deformations can be controlled and a 
measurable. 

10. The data are usable in theories oj 
design. 
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A TRIAXIAL COMPRESSION APPARATUS FOR THE DETERMINATI9 


OF THE STRESS-DEFORMATION CHARACTERISTICS OF 


SOILS 


In 1937 the United States Engineer 
Office in Boston, Mass., was confronted 
with the necessity of constructing out of 
a fine silty sand a large earth dam for 
flood control purposes. The safety of 
an embankment constructed of such a 


(a)Dense Sand, Dense Send, 
Before Shearing 


Shear 


(c) Sand, 
Before Shearing 


Loose Sand, 
Shear 


Fic. 1. 


material was a question deserving spe- 
cial consideration since Casagrande had 
shown? that a large mass of fine-grained 
soil is inherently unstable unless it is 
compacted below the critical void ratio. 
When the construction of this dam at 
Franklin Falls, N. H. was first proposed, 


1 Research Fellow in Soil Mechanics, Graduate School 
of Engineering, Harvard University, Cambridge, Mass. 

2 Arthur Casagrande, “Characteristics of Cohesionless 
Soils Affecting the Stability of Slopes and Earth Fills,” 
Journal, Boston Soc. Civil Engrs., Vo 
1936, pp. 17-22. 


XXIII, January, 


By Joun D. Watson! 


Expanding During 


Compressing During 


Effect of Shearing 


the question immediately arose a 
how densely this material should be coy 
pacted to be safely below the critic, 
void ratio. After extensive 
vestigation by means of direct she 
tests which did not lead to a satisfactor 

y-loose Sand 


ond,-G ,--Vord Ratio at 
‘which Continuou: 


2 Deformation is 
2 Possible 

5 

> yDense Sand 

Shearing Stress 

+ © 

5 B Sudden Failure 
EG, of Dense Sand 

a. 
as Flow Failure of 

Loose Sand 


solution, it was decided to adapt | 
principle of triaxial compression to t 
study of this problem. But before t 
triaxial apparatus is described, let 


on the Volume of Sands. 


first consider the character of the volum 
changes which occur in sands subjecte 
to shearing, and the reasons why tht 
direct shearing test is unsatisfactor 
for measuring either the magnitude 
these voiume changes or the sheariti 


strength of the soil. 
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volume Changes in Cohesionless Soils 
Under Load: 


In the course of a long program of 
search on the shearing resistance of 
yils, carried out at the Massachusetts 
Institute of Technology (1929 to 1932), 
Casagrande’ observed that all soils 
change in volume when subjected to 
searing stress at a constant vertical 
ad. A sand in a loose state decreases 
in volume during a direct shear test, 
while the same sand in a dense state 
increases in volume under the same 
conditions. 

These facts he illustrated diagram- 
matically as shown in Fig. 1. Struc- 
urally the loose sand is composed of 
many small arches. These arches break 
down when subjected to shearing stress 
and the density of the mass increases. 
In order that deformation occur in a 
dense sand the closely interlocked grains 
must expand so that the grains can roll 
over one another. If this did not take 
place, some grains must be sheared in 
two. The former occurrence is more 
likely under a moderate normal load. 

In Fig. 1 the horizontal movement and 
the volume change are plotted as or- 
dinates and the shearing stress as ab- 
sissa. In a loose sand the shearing 
stress increases gradually from A to C, 
the void ratio decreasing from F to G at 
the same time. At this void ratio G, 
continuous movement is possible at a 
constant shearing resistance S,. The 
lailure of the loose sand is a_ plastic 
low rather than a rupture. 

If this same sand be compacted into a 
dense state, that is, such that its void 
ratio corresponds to D instead of F, 
then the amount of horizontal movement 
lor the same stress in an identical test 
much less. For the first half of the 


,_A. Casagrande and S. G. Albert, “Research on the 
Techn’ Resistance of Soils,’’ Massachusetts Institute of 
“echnology Report, unpublished. 


test there is no appreciable change in 
volume, but expansion begins shortly 
thereafter and continues at a rapidly 
increasing rate until failure occurs. 
The failure, which occurs as a sudden 
rupture, is followed by a decrease in the 
shearing stress, rapid horizontal move- 
ment, and some further volume expan- 
sion. The total volume expansion is of 
such magnitude that the same critical 
void ratio G as before is reached, at 
which continuous movement at a con- 
stant stress S, is possible. 


Disadvantages of the Direct Shear Test: 


The above observations were all 
made on shear tests performed with a 
rectangular shearing frame. This type 
of apparatus, however, is subject to the 
following errors which cannot be elim- 
inated: 

1. The stress distribution of the nor- 
mal load is not uniform as it is commonly 
assumed. 

2. The ratio of the perimeter of the 
frame to the area is different for different 
sizes of frames. This boundary effect 
is, therefore, more pronounced in the 
smaller frames, and values of the shear- 
ing strength determined in one size of 
frame differ from those obtained in 
another size frame. 

3. Progressive failure, beginning at 
the ends or near the teeth of the gratings 
(if used), occurs in dense sands. Thus 
the measured value of the shearing 
strength is an average value rather than 
the maximum. 

4. The horizontal movement is in- 
dicated by an extensometer. This is 
no measure of the strain, nor can the 
actual strain be determined. 

5. As soon as any horizontal move- 
ment occurs, the area begins to decrease. 

6. Because of the small mass of soil 
used in a direct shear test, both the 
volumetric and gravimetric measure-— 
ments must be precise for an accurate — 
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determination of the void ratio. Since 
the expansion or contraction of the soil 
is measured in one direction only, the 
magnitude of the volume changes during 
a shear test is qualitative rather than 
quantitative. Any tilting of the upper 
frame may give an entirely erroneous 
conception of the magnitude of the 
volume change. 


Early Development of Triaxial A ppara- 
lus: 

The triaxial compression tests on 
marble by von Karman‘ are the earliest 
tests of this type to which any reference 
can be found. Many theoretical analy- 
ses, among them the notable one by 
Mohr,’ had already been made. An out- 
standing investigation® of the behavior 
of concrete when subjected to triaxial 
compression was carried out at the 
University of Illinois in 1927. 

In 1928 Ehrenberg developed a tri- 
axial consolidation apparatus at the 
Preussiche Versuchsanstalt fiir Wasser- 
bau und Schiffbau in Berlin. Casa- 
grande designed a triaxial compression 
apparatus for soils at the Massachusetts 
Institute of Technology in 1930. The 
principal fault of this apparatus was the 
necessity of a tight packing gland which 
produced too much friction on the pis- 
ton. Subsequently Rendulic’ designed 
and used a triaxial compression appara- 
tus for testing cohesive soils. He had 
a viscous oil on top of the water which 
surrounded the sample to reduce the 
leakage around a loosely fitting piston. 
The interior of the sample was con- 


*Th. von Karman, ‘‘Festigkeitversuche unter allseiti- 
eel Verein deutscher Ingenieure Verlag, Berlin 

5 Otto Mohr, ‘‘Welche Umstinde bedingen die Elastizi- 
tatsgrenze und den Bruch eines Materials,” Zeitschrift des 
Vereines deutscher Ingenieure, Band 44, pp. 1524-1530, 
1572-1577 (1900). 

* F. E. Richart, A. Brandtzaeg and R. L. Brown, “A 
Study of the Failure of Concrete Under Combined Com- 
pressive Stresses,” Bulletin No. 185, Engineering Experi- 
ment Station, University of Illinois, Urbana, Ill. (1927). 


7 Leo Rendulic, “Ein Grundgesatz der Tonmechanik 
und sein experimenteller Beweis,”” Der Bauingenieur, Heft 
31/32 (1937). 
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nected through a wye either to a manor. 
eter or to a burette. In this way }y 
could measure the pressure in the ‘pore 
water of the clay or the amount of wate, 
which would be squeezed out under com. 


pression. 

In 1937 Casagrande suggested to ¢! 
author that such a viscous pressure fly 
as glycerin would permit the use of 
practically frictionless piston and thy 
leakage around the piston would } 
insignificant. In addition to its hig 
viscosity glycerin has the further 4 
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Fic. 2.—Sectional Sketch of Triaxial Compr 
sion Chamber. 


vantage that, being soluble in wate! 
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it does not attack rubber. 
the original design of Casagrande a 
using glycerin as the fluid in the pressu! 
chamber, the author had built a triax 
compression apparatus which wo 


maintain a constant pressure for sever 
hours and in which the friction did 0 
exceed 2 per cent and averaged lé 
than 1 per cent of the load. It ™ 
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then necessary to develop and perfect a water. When this is done, the pressure 
technique of testing for cohesionless chamber is assembled around the sam- 
yils such that the following initial steps ple, and the glycerin is pumped in by 
sould be successfully accomplished: (1) air pressure. Then a vertical load is 
the soil sample must be packed into a applied to the sample by the piston until 
nbber tube, (2) it must be sealed air- failure occurs. Be 


TAMPER 


Fic. 3.—Photograph of Dismantled Triaxial Compression Chamber. 
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nde an | Fic. 4.—Diagrammatic Sketch of Apparatus. 

pressut 

‘triaxid J “ght and held under a vacuum until Description of the Present Triaxial Com- 
woul’ @ the hydrostatic pressure can be applied pression Apparatus: 

sever! through the glycerin, (3) its weight and 

did nt | ‘tal volume must be known for com- A cross-sectional sketch of the com- 

ged le putation of the void ratio, and (4) it pression chamber of the present appara- 
It w: § “ust be completely saturated with tus is shown,in Fig. 2. The circular 
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base has a pedestal in its center on 
which the soil sample is mounted. The 
rubber membrane is sealed to this pedes- 
tal, and also to the cap, by five or six 
turns of strand rubber bound very 
tightly. The wall of the compression 
chamber is a cylinder of Lucite, a trans- 
parent plastic, and soft rubber gaskets 
are provided at each end. The head 
is merely a circular plate with a long 
boss on both its upper and under sides, 
an air vent, and a trough to catch any 
glycerin leakage. The piston is lapped 
in to a loose sliding fit. The length of 
the bosses reduces to a minimum any 
tendency for the piston to bind and 
increases the length of path of escape 
for the glycerin. 

The lower end of the piston has a 
conical counterbore, which is opened to 
the hydrostatic pressure by a small hole 
drilled toward the axis through the pis- 
ton rod. This conical counterbore fits a 
steel hemisphere which is pressed into 
the sample cap. The contact between 
these surfaces is a ring which insures a 
concentric application of the load. The 
top of the cap is flat so that the cap can 
easily be leveled by means of a spirit 
level when it is originally placed. 

A photograph of the triaxial compres- 
sion chamber (dismantled) is shown in 
Fig. 3, while in Fig. 4 is shown a dia- 
grammatic sketch of the whole appara- 
tus. After binding a cylindrical rubber 
membrane to the base, a metal shell 
(see Fig. 3) is clamped around the rub- 
ber membrane for molding and support- 
ing the sample of cohesionless soil 
which is to be packed into the rubber. 
When the cylinder is filled, the cap is 
set on, leveled, and the membrane is 
bound to the cap just as it was to the 
base. 

A vacuum is applied at the top of the 
sample through the petcock in the cap. 
The sample will then stand erect when 
the metal shell is removed so that 


SYMPOSIUM ON SHEAR TESTING OF SOILS 


measurements of the sample diamets 
and height can be taken. Hayjn 
found the volume, and knowing the 
weight of soil which went into the 
ple as well as the specific gravity of 
solid matter of the soil, the void rat 
or the porosity, can readily be ; 
puted. When the pinch cock (see Fig 
4) on the tube to the aspirator bot 
(which is also under a_ vacuum 
opened, water will flow by gravity in 
the bottom of the sample, complete 
saturating it. After this is acco 
plished, the petcock in the cap is « 
and the vacuum hose removed fron 

The Lucite cylinder and rubber g 
kets are then placed in position and t 
head bolted down. The air pressur 
is built up in the air and glycerin reser 
voir, and glycerin flows into the con 
pression chamber. When the compres 
sion chamber is completely filled wit 
glycerin, the air pressure can be set a! 
any desired value. Pressures of les 
than two atmospheres are measured }) 
a mercury manometer, higher pressur 
by means of a Bourdon gage. Whi 
the glycerin which surrounds the samy 
is under pressure, the vacuum of t 
interior of the sample can be release 
The pinch cock to the burette (Fig. + 
is then opened and the one to the a 
pirator bottle closed. 

In the usual type of test the sample « 
loaded vertically, the lateral pressur 
in the glycerin being maintained con- 
stant. The data consist of observation 
on the load, the deformation, and the 
volume change. When the water leve 
in the burette rises, water is being 
squeezed out of the sample, the volume 
Contraril; 
the burette 


of the sample decreasing. 
when the level in 
goes down, the sample is taking in wale’ 
and increasing its volume. The ve 
tical load can be applied by any testing 
machine. However, a constant strat 
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Major Principal Stress, kg. per sq. cm. 
Typical Stress-Strain Curves for Sands. 


INITIAL CONDITIONS: 


lo 0.770 0.573 


Ar Start or Test: 


o1 = o3 = 0.95 kg. per sq. cm. - =. 
Loose Dense 
V» = 321 cu. cm. 298 cu. cm. 
V, = 417 cu. cm. 519 cu. cm. : 


o1 = o3 = 6.32 kg. per sq. cm. 
Loose Dense 
= 308cu.cm. = 294 cu. cm. 
= 417 cu.cm. = 519 cu. cm. 
= 0.737 = 0.565 


FAILURE: 


Loose Dense 
Uniform Shear failure 
bulbing 

23.15 28.70 kg. per sq. cm. © 

7.9 per cent 

= cu. cm. 


4.54 
39°50’ 


20.1 per cent 

—16.7 cu. cm. 
3.66 
34°50’ 


munud 


%1 = major principal stress, axial for all tests herein referred to. 
%: = intermediate principal stress. 
= minor principal stress. 
*: = o3 for this particular design of triaxial apparatus. 
» = volume of voids in a sample. 
volume of solid material in a sample. 
= /initial void ratio, i.e., the void ratio under a 
(vacuum of approximately one atmosphere. 
= void ratio at the start of the test. 
= unit strain corresponding to maximum stress in per cent of the height of sample at start of the test. 
= magnitude of volume change at failure in cubic centimeters. Positive values indicate volume expansion, nega- 
tive values volume decrease of sample. 
angle of internal friction. 
, = angle of obliquity. 


* angle of a line passing through the origin and tangent to the stress circle of Mchr. This angle $” equals @ for 
cohesionless soils when the envelope to the stress circles is a straight line. ye 
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testing machine is to be preferred be- 
cause at failure there is a rapid change 
in volume and deformation with either 
no change in load, or perhaps a decrease 
in load. The point of maximum stress 
is assumed to be the point of failure in 
all tests. A more complete description 
of the apparatus and the procedure for 
its use have been given elsewhere.*® 


Typical Test Results: 


The application of the triaxial com- 
pression apparatus to the determination 
of the stress-deformation characteristics 
of cohesionless soils can best be ex- 
plained by an examination of some 
typical test results. 

Volume changes from the test ob- 
servations are expressed in percentage 
of the initial void volume—positive for 
volume increase and negative for volume 
decrease. ‘The strain is computed from 
the original length of the sample. The 
following correction is made for the 
area increase of the sample: 


original area 


Corrected area = : 
1.0 — strain 


The unit vertical stress in the sample is 
computed for each increment of load 
(or strain) by adding to the external 
pressure the unit hydrostatic pressure. 

A plot of these data for two tests on a 
medium-fine sand taken from the shell 
of an earth dam is shown in Fig. 5. 
These may be considered typical for 
cohesionless materials. In the test 
shown by dash lines the sample was 
loose. This sample continuously re- 
duced in volume under load. After 
reaching a maximum stress and a mini- 
mum volume, this sample continued to 
deform without any further increase in 
load or change in volume. There was 

5 “Compaction Tests and Critical Density Investiga- 


tion of Cohesionless Materials for Franklin Falls Dam,” 


ged printed by the U. S. Engineer Office at Boston, 
ass. 
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no evidence of rupture. The samp) 
failed by plastic flow which was 4): 
indicated by the uniform bulging , 
shown in Fig. 6, left. 

In the second test (Fig. 5, solid |j 
the sample was dense. The sam 
reduced slightly in volume until th: 
load was 80 per cent of the maximur 
Then the sample began to expan 
rapidly. Soon after reaching the ma 
mum stress, shearing planes began t 
appear and the load continued to { 
off until it was less than 90 per cent 


of Failure: Plastic Flow 


Fic. 6.—Types 
Loose Sand (Left); Rupture in Dense 
Sand (Right). 


the maximum. At this point the vo: 
ume change practically ceased and thi 
sample continued to deform with ! 
further change in load. This sample 
after failure is shown in Fig. 6 on the 
right. 

One very striking result of these an 
many other tests is the greater strengt! 
and the greater rigidity of the dens 
sands as compared to the same sands i 
a loose state. After failure the stres 
at which the two samples in Fig. 5 ot 
tinued to deform was approximate! 
the same. The loose sample had dé 
creased uniformly in volume. 
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dense sample had increased in volume 


sharply, but the major part of this in- 
crease was in the zone in which the shear- 
ing planes appeared. For this reason 
it cannot be proven from the magnitude 
of the volume changes that the two 
samples did reach the same void ratio 


after failure. 


It is logical to believe, 


however, that this did occur. 
Most significant is the fact that, be- 
fore reaching failure, the loose sample 


decreased 


in volume and the dense 


sample increased. How this phenom- 


enon can 


affect the stability of earth 


° ad > 
£ 
2 
$0.70 
3 NS 
0.65 
0.60 
055L__ 
6 12 8 4 0 4 8 12 
<----—Decrease +—--/ncrease---+ 


Change in Initial Void Volume, percent 


Fic. 7,—Relation Between Volume Change and 


Initial Void Ratio. 


embankments has been explained by 
Casagrande (p. 20).2 That void ratio 


which at 


failure is neither larger nor 


smaller than it originally was before 
application of load, he has called the 


critical void ratio. 


prepare a 


corresponds to this critical value. 


ertheless, 


It is not easy to 
sample the void ratio of which 
Nev- 
by performing a series of tests 


at the same lateral pressure and varying 


only the 


initial void ratio, an approxi- 


mately straight-line relationship is found 
to exist between the void ratio and the 
percentage of volume change at that 
particular pressure (see Fig. 7). 


When the lateral pressure is increased, 
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the amount which a loose sample will 
contract is also increased, and the 
amount which a dense sample will ex- 
pand is reduced. The critical void 
ratio is, therefore, not a constant but 
varies with the magnitude of the lateral 
pressure. However, the amount of this 
variation differs with different materials. 
For Ottawa standard sand and for 
another very uniform sand derived 
from the St. Peter sandstone of Minne- 
sota, this variation in the amount of 
expansion with lateral pressure was 
found to be so small that it was scarcely 
apparent. A grain-size distribution 
curve for each of the materials herein 
referred to is shown in Fig. 8. 
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Grain Sizes, mm. 
The amount of volume change at 
failure, when expressed in percentage of 
the initial void volume, is apparently 
independent of the size of the sample. 
This is seen by an examination of 
Fig. 7. Those points indicated by open 
symbols were observed on samples 
approximately 2 in. in diameter and 
8 in. high. The points indicated by 
solid symbols were observed on small- 
size samples approximately 13 in. in 
diameter and 4 in. high. The latter 
has a volume only one-eighth as large 
as the former. 


Fic. 8.—Grain Size Distribution Curves. 
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Shearing Strength of Cohesionless Mate- 
rials: 


According to Mohr’s® rupture hypoth-- 


sis, the angle of internal friction @ is 
represented by the slope of the tangent 
at a given point on the rupture line. 
When the rupture line, which is assumed 
to be coincident with the envelope to 
Mohr’s circles of stress, is curved, then 
the angle of internal friction will vary 
with the magnitude of the principal 
stresses. Let us assume a curved rup- 
ture line OR, Fig. 9. For a given point 
A on this rupture line the tangent AB 
at this point has a slope @ which is 
equal to the angle of internal friction. 
If we connect point A with a straight 
line to the origin, we arrive at the 


‘Mohr 's Rupture 
A line 


C 
B Mohr's Circle 
of Stress 


5. 
Principal Stresses 


Differences Between the Angles 9, 
¢’, 


So 


Fic, 9. 


obliquity ¢’ for that particular com- 
bination of normal and shear stress. 
Finally, if we draw through point A 
Mohr’s circle of stress which represents 
the stress condition at the point of 
failure (that is, a circle to which the 
rupture line OR is tangent), and draw a 
tangent OC to this circle such that it 
passes through the origin, then the 
angle @” which this tangent makes 
with the abscissa can be computed 
from the equation a, = oy tan® (45 + 
~”/2). One should always note that 
this angle @” is not the angle of in- 
ternal friction, except in the case when 
the rupture line is a straight line which 
theorigin. In that case 

¢’ ¢” = constant. Even 
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q 


though the angle has no physical 
significance in the case of a curved rup- 
ture line, it is computed for all tests be. 
cause it is the simplest measure which 
indicates variations in the angle of jn- 
ternal friction. Furthermore, for prac- 
tical purposes it is identical with the 
obliquity ¢’. The usual deviation from 
it does not exceed one-quarter of 4 
degree. 

A plot from test results (Fig. 
shows different shapes of the rupture 
line for two sands. For one (solid lines 
the envelope, or rupture line, is a curve. 
This material is the same medium-fine 
sand which Figs. 7 and 8 refer to. The 
other material (dash lines), which has a 


w 
(2) 


5 fine sand from 

fi shell of earth dam 

5 -~ Sand from St Peter 

= 20} — sandstone of 

Minnesota 

@ 10 20 30 40 50 
Normal Stress, G, kg. per sq.cm. 

Fic. 10.-‘‘Mohr’s Circle” Diagrams for Sai 


in Triaxial Compression. 


straight line envelope, was obtained 
from a St. Peter sandstone of Minnesota 
(see Fig. 8). Both materials were 
packed as densely as possible for these 
tests. The former material, when 
densely packed, always failed along 
distinct shearing planes. The latter 
did not. After testing under high 
lateral pressure, samples of, the former 
material could be removed from the rub- 
ber membrane and dried in an oven like 
a brick. After drying, it still had some 
cohesion and by careful handling it 
could be sawed open longitudinally 
Then by brushing the surface with a 
soft brush, the shearing planes were 
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clearly revealed (see Fig. 11 (a)). 
Examination of such a shearing plane 
under a microscope showed some of the 
sand grains to be reduced to powder; 
other grains, not crushed, were held in 
this powder, resembling aggregate in 
oncrete. 


A sample of still another sand, a very 
ine silty sand from Franklin Falls, 
N. H. (see the report previously cited 
lor a full description*) (Fig. 11 (6)) 
‘ut open after testing to failure in a 
dense state, showed some interesting 
differences in the amount of strain in 


sample. 


in the initial density of the upper and 
lower halves of the sample. Since the 
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different sections of the sample. The 
horizontal black lines are layers of 
powdered charcoal. Originally these 


layers were equidistant. The shearing 
planes began at the top of the sample. 
The center cone, acting much like a 
wedge, carried a major portion of the 


klin Falls, N. H 


Shearing Planes in Samples of Dense 


load and was considerably compressed 


at its point. Then the shearing plane 


broke through the lower half of the 
The probable reason for this 
type of progressive failure is a difference 
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sample is packed in layers from bottom 
to top, the lower layers often become 
denser as a result of the extra tamping 
which they receive. To avoid this 
difficulty the upper layers must always 
be tamped more than the lower layers. 

The unit strength of the samples was 
also found to be independent of the 
size, as shown by Fig. 12. In this figure 
values of the angle @” have been plotted 
against the initial void ratio. This 
_ material is the medium-fine sand from 


7 T T 
4 | per sq.cm. 
__ per sq.cm. _| 
26,7140 g. per 
Open symbols apply to 
£0.16 samples 2% in. diameter 
- by 8 in. high. Solid symbols 
2 apply to samples I in.in 
diameter by 4 in. high. — 
32 34 36 38 440 42 44 46 


Angle $", deg. 


Fic. 12.—Relation Between Strength at Failure, 
Expressed by #”, and the Initial Void Ratio. 


the shell of an earth dam, previously 
referred to. In a dense state there is a 
wide spread in the values of the angle 
¢~” depending on the magnitude of the 
minor principalstress. This fact is also 
apparent in Fig. 10 where the envelope 
to Mohr’s circles of stress is consider- 
ably curved. But when this sand is ina 
loose state, there is no appreciable 
spread in the values of ¢” and the en- 
velope is practically a straight line. It 
is believed that the variation in the dense 
state is due to a factor which is not pres- 
ent when the material is tested in a 
loose state. A dense sample fails by 
rupture and a crushing of grains occurs 
in the zones of shear (see Fig. 11). 
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The extent to which the grains are 
crushed will increase with an increase 
of the minor principal stress. The 
change in the character of the materia] 
due to this crushing could, therefore, 
easily account for the reduction in shear 
ing strength. 
CONCLUSIONS 

On the basis of the extensive investiga- 
tions which have been conducted by 
means of direct shear tests in the Har. 
vard Soil Mechanics Laboratories since 
1932, and the additional experience 
gained during the past two years 
through use of the triaxial compression 
apparatus, it is possible to formulate 
the following criticisms of the direct 
shear test: 

1. The boundary conditions produce 
irregular distribution of the normal and 
shearing stresses and leave the inter- 
mediate principal stress unknown. 

2. In soils which show a rapid drop 
in shearing resistance after the maximum 
value is reached, no type of grating cai 
produce a_ sufficiently uniform dis- 
tribution of the shearing stresses | 
prevent progressive failure. 

3. It is practically impossible to 
determine in direct shear tests, with the 
accuracy usually required, either the 
strain or the volume changes during th 
test. 

In comparison with the direct shear 
tests the triaxial compression tests 
possess the following advantages: 

1. All principal stresses are know! 

2. For practical purposes progressi\ 
failure is eliminated. 

3. The strain and the volume changes 
of the test specimen can be accurately 
determined. 

4. The size of the sample used has 
no apparent effect on either the intensity 
of volume change or the strength of the 
material. 
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5. When properly constructed the 
friction on the piston of this apparatus 
is less than 1 per cent of the load. 

The following tentative conclusions 
concerning the shearing characteristics 
of cohesionless soils are drawn from 
many tests made with the triaxial com- 
pression apparatus on different types of 
sands: 

1. The angle of internal friction of 
loose sands is practically independent 
of the magnitude of the normal pressure, 
and may vary from 285 deg. to 35 deg. 

2. Some sands in the dense state have 
an angle of internal friction which is 
independent of the normal pressure. 
Values of the angle of internal friction 
for such sands were found to range from 
35 deg. to 37 deg. 

Other sands in the dense state have a 
high angle of internal friction when the 
normal pressure is low, and as the nor- 
mal pressure is increased the value of 
the angle of internal friction decreases 
materially. In this group of sands the 
maximum value of @ was 46 deg., the 
minimum value 31 deg. In the range 


of minor principal stresses from 0 to 
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14.0 kg. per sq. cm. the maximum varia- 
tion found in any one of the sands tested 
was from 31 deg. to 43 deg. 

3. The angle of internal friction for 
smooth-grained sands (Ottawa standard 
sand or St. Peter sand) is considerably 
lower than the angle of internal friction 
for rough-grained angular sands (Frank- 
lin Falls sand or quartz sand). 

4. The critical void ratio is not a 
constant but decreases with increasing 


normal pressure. 


The development of the triaxial ap- 
paratus described in this paper and the 
investigations outlined were made pos- 
sible by a cooperative agreement be 
tween the U. S. Engineer Office in 
Boston, Mass., and Professor Arthur 
Casagrande who served as supervisor. 
The author wishes to express his sincere 
thanks to Col. A. K. B. Lyman, District 
Engineer in Boston, and Capt. J. H. 
Stratton of the Corps of Engineers, U. S. 
Army, whose initiative has made this 
work possible. 
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A COMPARISON OF RESULTS OF DIRECT SHEAR AND CYLINDRICAL 
COMPRESSION TESTS 


By DonaLp W. Taytor'! a 


The purpose of this paper is to present 
a summary of recent research, carried 
out in the Soil Mechanics Laboratory of 
the Massachusetts Institute of Tech- 
nology, on the shearing properties of 
sands, with especial emphasis on com- 
parisons of the results of the two types 
of testing apparatus which are now in 
common use. 

These two types are the direct shear 
machine and the cylindrical compression 
apparatus, the latter also known as the 
triaxial machine and the stabilometer. 
The two are so fundamentally different 
in principle that much value may accrue 
from comparisons of their results. Pa- 
pers have been published? describing the 
various designs of machines of each type. 
The following brief descriptions are in- 
tended to outline only the basic char- 
acteristics common to all designs of each 
of the two types. 


Direct Shear Machine: 


In the direct shear type of apparatus 


a sample container consisting of two 
separate parts called the upper frame 
and lower frame holds the sample, half 
of which is within each frame. Relative 
motion between the two frames causes 
shear through the soil at the plane of 
separation. The shearing strength is 
equal to the force required to cause 
the relative motion. Indication of the 


amount of volume change which occurs 


1 Assistant Professor of Soil Mechanics, Massachusetts 
Institute of Technology, Cambridge, Mass. 

2 For direct shear apparatus see references (1) and (5); 
for cylindrical compression see references (2), (3), (6) and 
(7) in the list of references appended to this paper, p. 1070. 


during the test is obtained by a vertical 
extensometer dial that furnishes readings 
of change of thickness of sample. This 
was the only type of test in common use 
previous to a year or two ago and it 
probably is still the more widely used. 
Among its main advantages are its sim- 
plicity and speed of operation. The 
outstanding disadvantage is a non-uni- 
form stress condition which leads t 
progressive development of failure across 
the sample during a test. 


Cylindrical Compression M achine: 


In the cylindrical compression appa- 
ratus the sample is enclosed in a rubber 
membrane on the outside of which fluid 
pressure is applied. Failure is caused by 
the applying of an additional axial load. 
The sample is saturated and a connection 
to a graduated glass tube is provided 
through the base, volume changes being 
indicated by the amount of water ¢ 
tering or leaving the sample. 

The cylindrical compression machine 
has jumped rapidly into popularity. Its 
great advantage lies in the relatively uni- 
form conditions prevailing throughout 
the sample, at least during the early 
stages of tests. This allows much better 
opportunity for understanding the be- 
havior of the soil and interpreting the 
test data. This type of test offers great 
possibilities for advancement of knowl- 
edge of shearing properties of soil, 
witnessed by the rapid progress it has 
been responsible for during the past tw’ 
years. 
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Scope of the Comparisons: 


The question of the relative value of 
results from the two types of tests has 
been the subject of much recent dis- 
cussion. One school of thought swings 
to an extreme and claims that the direct 
shear test is ready for discard. The 
author’s beliefs on this question are the 
following: the value of the cylindrical 
test has been proven, nevertheless it has 
undesirable features and cannot yet be 
considered a perfect method; the sim- 
plicity and practical features of the direct 
shear test must be recognized and the 
amount of use made of this type of test 
in the future should be determined by 
the dependability of results which it can 
produce; enthusiasm for a new method 
is never sufficient grounds for rejecting 
an older, established method unless it 
has been definitely proven that the older 
method is inferior. 

Research has been in progress on both 
types of machines in the Massachusetts 
Institute of Technology Soil Mechanics 
Laboratory during the past year. A 
description of the direct shear machine 
and a paper describing the test pro- 
cedures and interpretations have already 
been published (4). Research on this 
machine has been carried on by T. M. 
Leps. The design and development of 
the Massachusetts Institute of Tech- 
nology cylindrical compression machine 
and the research on this apparatus is the 
work of H. A. Fidler and will be de- 
scribed in detail in a doctor’s degree 
thesis (7). Figure 1 shows this machine. 
Both machines are motorized and oper- 
ate on the strain-control scheme, that is, 
strains are applied at a constant rate. 
Fach uses a proving ring unit for the 
measurement of the main variable force. 
These similarities make them especially 
itted for research comparisons. 


The boldface numbers in parentheses refer to the 
ports and papers appearing in the list of references 
ended to this paper, see p. 1070. 
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The names or designations which will 
be used for the soils which have been 
tested on both machines are as follows: 


1. Ottawa standard sand, 


2. Sand A, 
3. Sand B, and 

4. Sand BW. 
Sand A is from New York state; 90 
per cent by weight is finer than 0.80 mm. 
and 10 per cent finer than 0.18 mm.; the 
grains are angular; the sand is brownish 
gray in color and is quite dirty. Sand 
B is from the western part of the coun- 


Fic. 1.—Cyl cal Con m Apparatus. 


try, 90 per cent by weight is finer than 
0.4 mm. and 10 per cent finer than 0.15 
mm.; the grains are angular; sand is 
gray in color and is slightly dirty. 
Sand BW is the same as sand B but with 
the fine colloidal particles removed by 
washing. 

The shearing properties which will be 
compared are the following: 


1. Maximum angle of internal friction. 
2. Shape of the shearing-stress versus 

shearing-strain curve. 
3. Critical void ratios. 


Figure 2 shows the scheme used for 
plotting the results of an individual test 
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by the direct shear machine. At a 
horizontal displacement of Oa,, the upper 
curve reaches its maximum ratio of 
shearing stress to normal stress, r/o, 
represented by a,b, and equal to the 
tangent of the maximum friction angle, 
$m; at this point the thickness change is 
¢,d;. The ultimate point is assumed to 
be reached when the thickness change 
reaches a maximum value, Cede; at this 
point the horizontal displacement is 


08 
b, 


> 


Sand A_ | 
Direct Stress, $=45 psi. 
Initial Void Ratio, @ = 0669 


1% 


Ratio: Shearing to Direct 


@ 


° 
= 


Change of Thickness, AH, in. 


004 008 O12 016 


Horizontal Displacement, in. 


0.20 


Fic. 2.—Typical Plots, Direct Shear Test. 


Oaz and the ratio of shearing stress to 


direct stress reaches its ultimate value, 
d2b2, which is equal to the tangent of the 
ultimate friction angle, du. 

Figure 3 presents the typical plotting 
scheme for a cylindrical compression 
test. The axial pressure, p, equals the 
difference between the major and minor 
principal stresses o, and o,,; at an 
axial direct strain (ratio of change of 
length to initial length) of Oa, the value 
of p/o,, reaches a maximum fm/o,, 
equal to ab; at this point the volume 
change is cd. The maximum friction 


1? 


a 


angle may be computed by use tof the 
equation 
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Pm 
On 


Cin 


sin dm = 


Ultimate values in this type of test tend 


to be somewhat erratic and are not 
included in the comparisons. 


Minor Principal 
Stress, 6 +30 psi. 
Initial Vora Ratio, 


| 
T 


Change of Volume, AV, cu.cm. 


0 005 O'0 O15 020 
Axial Strain, AL/Lo 


Fic. 3.—Typical Plots, Standard Cylindrical 
Compression Test. 


Maximum Friction Angle Comparisons: 


The maximum friction angle depends 
on the void ratio of the sample and, toa 
smaller degree, on the pressure. Figure 
4 is a plot of results by both types 0 

machines for sand B at minor principal 
stresses of 18 and 34 psi. The values by 
cylindrical compression tests are shown 
by dashed lines while those by direct 
shear tests are given by full lines 
Points are shown for individual tests by 
the cylindrical compression method and 


it ma. 
scatte 
define 
the d 
ing a 
sion 

conce 
the t 
result 
and s 
comp 
dense 
disag’ 
about 


4 

| | 210 2 Song 
04 7 n44 
= 

Qa 
0 
0 40 

).004 32 
650 
z 
Fic, 
excee 
shear 
state 
It 
= | yea 
mine 
the 
have 
those 

— 


end 


nat 


ction Angle 


Maximum Fr 


§ TAYLOR ON Direct SHEAR AND CYLINDRICAL COMPRESSION TEsTs 1061 


it may be noted that while there is some 
sattering, the final curves are quite well 
defined. Points for individual tests by 
the direct shear method are less scatter- 
ing and are not plotted to avoid confu- 
sion on the figure. A fairly good 
conception of the agreement between 
the two methods can be obtained from 
results at the loosest and densest states 
and such results for all four sands are 
compiled in Table I. It is seen that for 
dense Ottawa sand at low pressures the 
disagreement is greatest and equals 
about 4 deg. Other differences do not 


4 
Cylindrical Compression, Sy = 
Direct Shear, =34 psi. — 
40 
38 
2 


Initial Void Ratio, e, 


Fic. 4.—Typical Friction Angle Comparison, 
Sand B. 


exceed about 2 deg. and on the average 
are equal to about 1 deg. The friction 
angles tend to be larger by the direct 
shear method, especially for the dense 
state. 

It has been known for a number of 
years that the friction angle as deter- 
mined by direct shear tests varies with 
the size of sample and conditions of 
‘esting. Comparisons of results from 
ilerent makes of direct shear machines 
lave shown variations fully as large as 
‘hose appearing in this table. 

From Table I the conclusion may be 


055 060 065 070 075 080 085. 


drawn that the agreement in friction 
angles by the two methods is not as 
close in all cases as would be desirable 
from the research point of view, but 
from the practical viewpoint the agree- 
ment is reasonable. 

The ultimate friction angle as deter- 
mined by the direct shear machine is a 


constant and equals 26.7 deg. for Ottawa ~ 
sand, while for sands A, B, and BW it 


equals 33 deg. 


Stress-Strain Curve Comparisons: 


A proposed method for determining 
the approximate plot of shearing stress" 
against shearing strain from direct shear 


TABLE I.—MAXIMUM FRICTION ANGLE 


COMPARISONS. 
Maximum Friction 
Angle, om, deg. 

Soil "ul, | Ratio,| | 8 

Sw 

= a 
Ottawa sand... . 20 0.65 28.5 | 26.7 1.8 
i 0.55 34.1 30.3 3.8 
60 0.65 27.2 26.4 0.8 
0.55 $1.1 30.3 0.8 
SandA.........| 15 0.75 | 33.9 | 35.1 | —1.2 
0.60 41.7 40.5 1.2 
30 0.75 33.5 33.8 | —0.3 
0.60 | 39.9 | 39.3 | 0.6 
| 18 0.85 33.8 | 33.8 0.0 
0.60 42.8 41.9 0.9 
34 0.85 33.2 31.6 1.6 
0.60 | 42.0 40.7 1.3 
Sand BW....... 30 0.85 33.8 34.0 | —0.2 
0.65 44.4 41.8 2.6 
60 0.85 32.7 32.2 0.5 
0.65 42.6 39.6 3.0 


test data was described in a previous 
report (4). Fig. 5(a) is a plot based 
on this method. In the direct shear 
test the stress conditions on planes other 
than the plane of failure are statically 
indeterminate and there is no way that 
this plot can be transformed into one 
for comparison with results of cylindrical 
compression tests. However, in the 
cylindrical test the stresses and strains 
are known for all orientations of planes 
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and the data of any such test may be 
transformed into a plot with coordinates 
as in Fig. 5(a). The plot which is 
desired must show the relationship 
between the r/o ratio on the plane on 
which failure ultimately occurs and the 
shearing strain for this same plane. 

A description which holds for shearing 
strain as this term is understood in the 
direct shear test and therefore one which 
will hold for the transformed plot of the 
cylindrical test is as follows: the shearing 


0.7 


SYMPOSIUM ON SHEAR TESTING OF SOILS 


method of computation is given in the 
Appendix.* 

The location of the plane on which 
failure occurs in a cylindrical test is pot 
as definitely known as has sometimes 
been intimated. It is usually assumed 
that failure will occur on the plane of 
maximum obliquity, that is, on a plane 
located at an angle of 45 deg. + 34 
from the major principal plane. The 
sample represented by Fig. 5 has 4 
friction angle of 34 deg.; thus according 


m+ 
Mm 


0.5 


— 


Sand BW 


Sand BW 
6 =30 psi. 


0.4| — At peak point 


psi. 
Plane of failure 
| « Plane of peak 
_| maximum obliquity 


'm= peak point 


| 


8) 


| 


Fic. 5.- 


_ strain for any plane is the cotangent of 
the angle between the given plane and 
the plane which at the outset of the 
test was normal to this plane. For 
example in Fig. 10, Oa and Of are the 
initial positions of two 90-deg. planes, 
that is, % + 0 = 90 deg.; after dis- 
tortion the positions become Oc and Od; 
at this distortion the tangent of the 
angular difference, or cot(@ + 6’) is the 
_ shearing strain for these planes. 

Data on the unit changes of length and 
_ of volume are the only quantities needed 
for computing shearing strains on any 
plane in the cylindrical sample. The 


QO O16 030 045 060 O 004 0.08 O12 O16 020 


Shearing 
(a) Direct shear method. 
Typical Comparison of Curves of Shearing Stress Against Shearing Strain. 


Strain 


(b) Cylindrical compression method. 


to theory the failure plane should have 
been at an angle of 62 deg. to the hori- 
zontal. However the actual angle was 
58 deg. The fact that failure does not 
occur on the plane of maximum obliquity 
is the ruie and not the exception, and 
it has been found that the failure plane 
frequently differs from the plane 0 
maximum obliquity by more than the 
4 deg. of this illustration. 

This point is mainly one of academi 
interest, however, as is seen in Fig 
5(b), where r/o is plotted against sheat 


4 See p. 1069. 
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ing strain for both of the planes under 
discussion. In this figure the maximum 
obliquity at the peak point of the curve 
is 33.9 deg.; the obliquity on the plane 
of failure at the same instant is 33.6 
deg. A difference in obliquity of 0.3 
deg. occurs for planes which are 4 deg. 
apart; in other words, the obliquity is 
practically the same on the two planes. 
The curve appearing in Fig. 5(b) with 
points shown by circles, is for the failure 
plane; the points for the other plane 
are shown by triangles and differ from 
the curve by amounts so small that 
drawing of a second curve has not been 
attempted. 

The reason for the occurrence of 
failure on a plane where the obliquity is 
slightly below the maximum value is 
believed to be the following. Dense 
sands always have a larger friction angle 
than loose sands which is attributed to 
a greater interlocking of particles, this 
interlocking and the friction angle being 
decreased by increase of shearing strain 
see Fig. 2, curve b\b2). Since there is 
no reason that interlocking must be the 
same for all orientations of planes and 
since the shearing strain is greater on 
the failure plane than on the plane of 
maximum obliquity (0.093 as compared 
to 0.086, as shown in Fig. 5(6)), it follows 
that the friction angle on the failure 
plane is slightly less than it is on the 
plane of maximum obliquity. 

The shearing strains in Fig. 5(d) 
are true values according to the descrip- 
tion which has been given above for 
shearing strain. Those in Fig. 5(a) are 
values obtained by dividing the hori- 
wntal displacement by the “effective 
thickness,” this thickness being deter- 
mined by the scheme described in the 
previous report (4). A pronounced dis- 
agreement is seen and it now becomes 
evident that the proposed scheme of 
determining effective thickness must be 
abandoned. It may be noted, however, 
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that this is the only proposed item in this 

previous report which fails to give 
reasonable results. By working back- 
wards, dividing strains as shown in 
Fig. 5(b) by the horizontal displacements. 
occurring in the direct shear test, an 
effective thickness of sample is indicated 
which would be about twice as large as" 
the actual thickness of the direct shear 
sample. Two possible explanations of — 
this apparent paradox can be mentioned. 
The resistance to shear in the direct 
shear test may involve, because of the 
progressive failure, more rolling friction 
and less sliding friction than occur in 
uniform strain, thus leading to larger 
apparent shearing strains. Again, since 
the direct shear sample distorts essen- 
tially in plane strain, its distortions 
would normally be larger than nase 
occur in a case where strains are not 
limited to two dimensions. 

The different abscissa scales of Fig. 5 
have been chosen to furnish the best 
opportunity for comparison of the gen- 
eral forms of the curves. It is of interest 
to note the remarkably close resemblance 
between the shapes of the curves by the 
two methods. It is possible that future 
studies may be able to attach some 
significance to this similarity. 


Critical Void Ratios Comparisons: 


One of the most important develop- 
ments in soil mechanics during the past 
few years is the concept of critical void 
ratios. While several types of critical 
void ratios have been proposed, a general 
explanation can be given which holds 
for all types. 

Loose sands tend to decrease in volume 
during shear while dense sands tend to 
expand. In saturated soils, a decrease 
of volume requires escape of water and 
in large masses of soil, this escape may 
require considerable time. As a result, 
the water may be trapped and subjected 
to stress. In sand, the strength depends 
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directly on the intergranular pressure 
and transfer of pressure into the pore 
water changes the intergranular stress 
correspondingly. Thus, in loose sands, 
tans of pressure to the water makes 

the mass less rigid and in extreme cases 


0.020 


plot may be drawn for the series to shoy 
the relationship between initial yoig 
ratio and change of thickness, ¢4, 
The initial void ratio at which this plot 
shows a change of thickness equal ty 
zero is the ultimate void ratio (als 
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Fic. 6.—Typical Plots for Determination of Peak Critical Void Ratio and 
Ultimate Void Ratio by Direct Shear Tests, Sand A. 


it may even be thrown into a “quick” or 


“liquefied” condition. Conversely, if 
the sand is dense, the tendency is to 
draw in water during shear and any 
delay in expansion will throw negative 
stress or tension into the water, the 
intergranular stress increasing accord- 
ingly, giving the sand mass an addi- 
tional strength of a temporary nature. 
Somewhere between the loose and dense 


extremes is an intermediate density 


where tendency toward volume changes 


are in balance and at which the depend- 
able strength of the mass is alike whether 


dry or saturated. ‘This density is the 
critical density and its void ratio is the 
critical void ratio. 

The methods for determining critical 
void ratios will be outlined briefly. A 
series of tests starting at various initial 
void ratios is required for each normal 
load that is investigated. Figure 2 
shows the data available from a single 
test in direct shear and from such data a 


090 


Initial Void Ratio 


AV at Peak, cu.cm. 

Fic. 7.—Typical Plot for Determination 0 

Peak Critical Void Ratio by Standard Cylindn 
cal Compression Tests, Sand BW. 


2 


called the upper critical void ratio) for 
the normal load used. Similarly, on é 
plot of initial void ratio against volume 
change ¢d;, the initial void ratio at 
which the change of thickness is equal t 
zero is the peak (or lower) critical void 
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ratio. Plots of these types for sand A 
at normal loads of 22.5 and 45 psi. are 
shown in Fig. 6. 

For the cylindrical compression meth- 
od a similar procedure for determining 
the peak critical void ratio has been 
outlined by A. Casagrande (3) and 
consists of plotting the volume change 
(cd of Fig. 3) against initial void ratio, 
jor a series of tests at a given minor 
principal stress. Figure 7 shows plots 
of this type for sand B at minor principal 
stresses of 15 and 60 psi. It is seen that 
well-defined curved lines are obtained. 

The peak critical void ratio has been 
determined for each of the four soils of 


this investigation by both types of 
TABLE II.—CRITICAL VOID RATIO COMPARISONS. 
Ulti- | Equal 
Peak Critical | mate \Strength 
| Void Ratio | Void | Void 
Stress, | Ratio | Ratio 
Psi. 28 | | = 8 
23 | 33 | 
=) = | 
Ottawasand...| 20 (0.66 |0.65 |0.01 | 0.68 
40 0.65 |0.645 0.005; 0.67 
60 (0-645 0.64 |0.005| 0.66 
A | 15 (0.75 0.68 | 0.77 
| 30 (0.73 |0.64 0.09 | 0.74 | 
iB 18 0.85 0.81 0.04 | 0.86 
340.81 0.76 (0.05 | 0.82 
30 86 0. 815.0. 045, 0.88 | 0.85 
60 0.84 |0.78 |0.06 | 0.87 | 


apparatus and the results are presented 
in Table I]. Ultimate void ratios have 
been determined by direct shear tests 
and these values are also given. The 
final column of this table refers to a new 
oncept of critical void ratio which will 
be described later. 
Study of the peak critical void ratios 
fable II shows immediately that the 
values obtained by the two types of 
‘pparatus are not the same. The re- 
ts by the direct shear method are 
sistently larger than those by the 
ylindrical method. The difference is 
mall for Ottawa sand while for the other 


TAYLOR ON DrRECT SHEAR AND CYLINDRICAL COMPRESSION Tests 1065 


three sands it varies from 0.04 to 0.09, 
averaging about 0.06. 

Because of the approximately uniform 
stress condition in the cylindrical com- 
pression apparatus, it is reasonable to 
believe the values by this method are the 
more accurate. However, one qualifica- 
tion to this statement should be pointed 
out. In the cylindrical test the volume 
change in the early stages of the test is’ 
probably distributed quite uniformly 
throughout the sample. Shortly after 
passing the peak point (point 6 of Fig. 3), 
a definite failure plane becomes visible, 
and from this point on all strains occur 
in a relatively small failure zone. Prac- 
tically all of the volume change must 
occur within this small zone once it has 
developed. The method for determin- 
ing the peak critical density involves the 
assumption that, up to the peak point, 
volume changes are uniform throughout 
the sample. Even though there is no 
sign of a failure plane when the peak 
point is reached, it is possible that such a 
plane is already incipient and the 
neighborhood of this plane is already 
taking more than its share of volume 
change. Such a condition would mean 
that the true critical void ratio is higher 
than the value given by the method 
now in use. 

The question of the degree of de- 
pendability which can be attached to 
peak critical void ratio values deter- 
mined by the direct shear method, 
for practical reasons an important one. 
Ottawa sand cannot be called a typical 
sand and if only the results from the 
other three sands are considered it 
would appear that the difference between 
the results by the two methods is rea- 
sonably constant. By subtracting 0.06 
from figures obtained by the direct shear 
method, values approximating those by 
the cylindrical compression method are 
obtained. This scheme looks sufficiently 
promising to warrant further investiga- 
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tion, but no definite conclusions should 
be drawn until comparative values are 
available for more than four soils. 

A part of this difference in results is 
probably caused by variations of o,, 
in direct shear tests, whereas this 
variation does not occur in cylindrical 
tests. However a determination of the 
importance of this factor can be obtained 


by further research. 


The “qual Strength Void Ratio: 


As the peak of the curve (point 4), 
_ Fig. 2, or point 6, Fig. 3) is approached, 
the values of thickness change AH, 
and volume change AV are increasing so 
rapidly that determinations of their 
magnitudes at the peak are subject to 
large inaccuracies. This is a_ very 
undesirable feature and might even be 
taken as an indication that there should 
be some more fundamental scheme of 
describing the critical condition than the 
one used. Actually, knowledge of the 
peak critical density is itself of indirect 
valueonly; the information really wanted 
relates to the amount of shearing 
strength available if a sand, looser than 
the critical density, is sheared with 
volume changes prohibited. 

The direct way to obtain such informa- 
tion would be to conduct tests wherein 
the sample volume is maintained con- 
stant. However, such a condition can- 
not be obtained by merely closing off the 
sample to all escape of water, as during 
the test neutral pressures would develop 
and because of the air which is present 
in the pore water of the sample, ap- 
preciable compression would occur. 
Generally the pore water in nature also 
contains small amounts of gaseous 
matter, but a laboratory test with 
drainage prevented would be _repre- 
sentative of a case without drainage in 
nature only if the percentages of air 
voids were alike in the test and in 
nature. Since numerous difficulties 
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would be met in attempts to determine 
amounts of air voids, it is fortunate 
that it is on the side of safety to assume 
that the pore fluid is incompressible and 
therefore that in tests without drainage 
there are no variations in the volume of 
the sample. A type of test which will 
now be described and which will be 
called the “constant volume test,” 
maintains a strictly constant volume 
throughout the test and may be run in 
the cylindrical compression apparatus 
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Pand Gy, psi. 
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Fic. 8.—Typical Plots, Constant Volume 
Cylindrical Compression Tests, Sand BW, 
€o = 0.861, oo = 30 psi. 


without any appurtenances other thai 
those needed for the standard test. 
The constant volume test is run will 
the pore water at atmospheric pressure 
Instead of observing the volume changes 
by readings of the water level in the 
tube appearing just to the right of the 
motor in Fig. 1, the valves controlling 
the lateral pressure are manipulated 
continuously to maintain a constatl 
water level. Any tendency toward de 
crease in volume may be counteracted b} 
a reduction in oy, and vice-versa. Th 
essential difference from the standatt 
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yst is that readings of the minor prin- 
cipal stress Ou and the principal stress 
difference, p, as taken, whereas in the 
sandard test oj, is constant and read- 
ings of the principal stress difference and 
volume change are recorded. The es- 
gntial data of a typical constant volume 
test are presented in graphical form by 
the two lower curves of Fig. 8. 

As a means of interpreting the rela- 
tionship between the constant volume 
test and a constant volume case in 
gature, let it be imagined that alongside 
of the constant volume test, a second 
test with identical initial conditions is 
vt up wherein the voids of the sample 
ure filled with an incompressible fluid 
and wherein constant volume is main- 
tained by sealing the sample, thus 
preventing the escape of any pore water. 
When the constant volume test and this 
assumed test have undergone the same 
compression, they will both show the 
same lateral bulging. The two tests are 
then under like strains and it follows 
that they must be under like intergranu- 
lar pressures. The only difference 
between the two is that in the assumed 
test the pore fluid is under pressure while 
in the actual test it is not. Since 
neutral pressures play no part in develop- 
ing strength, the results of the two tests, 
is commonly presented in the form of 
plots of intergranular stress against 
strain, will be the same. 

The above considerations apply re- 
gardless of what the total (effective plus 
neutral) applied pressures may be during 
the assumed test. For any given axial 
ompression, the amount of effective 
minor principal stress is known from the 
data of the actual constant volume test. 
the greater the applied total minor 
principal stress in the assumed test, the 
seater the neutral pressure will be, 
while if the total applied lateral pressure 
s less than the actual test shows, the 
cutral pressure must be negative which 


CYLINDRICAL COMPRESSION TESTS 


1067 


means the pore water must be in tension. 
However, the constant volume case in 
nature for which information is desired 
herein is that which is under the same 
total loading as the standard laboratory 
test, that is, at constant total minor 
principal stress. Thus, the constant 
volume case in nature for any given 
amount of strain would have the effective 
minor principal stresses indicated by the 
constant volume test while its neutral 
pressure would be the difference between 
this effective value and the constant 
total minor principal stress, the constant 
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Initial Void Ratio, eo 


Typical Plot for Determination of 
Equal Strength Void Ratio. 


Fic. 9. 


total value being equal to the initial 
effective value which will be designated 
by Oy. 

The measure of shearing strength 
commonly used is the friction angle. 
However, the maximum value of 

om 
as obtained from Fig. 3, could be used as_ 
the measure of strength, or since oy 
is a constant, p,,, the maximum value of 
p, may be used to express the shearing 
strength. In a series of standard tests 
at a given constant value of oy, each 
test furnishes one point on a plot of pn 
against initial void ratio. Curve A 
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of Fig. 9 is a plot of this type, individual 
tests being represented by crosses. 
Curve B of this figure is obtained from a 
series of tests of the constant volume 
type starting with the same _ initial 
conditions as the standard series, that 
is, with the initial stress 99 of the con- 
stant volume tests equal to the constant 


value of the standard series. 


1 be like maximum values of —— 


The A curve for the constant volume 
Onur 


test of Fig. 8 is seen to resemble the 
same curve for the standard test of 
Fig. 3. If the friction angle were 
independent of the stress oy, then for 
any given initial void ratio there should 


by these 


om 


two types of tests. The maximum 


of Fig. 9; similar maximum 


values by standard tests, multiplied by 
the constant value of oy, furnish the 
points shown by crosses in curve A 


p 


On 


values 


_ by constant volume tests, multiplied by 


shown by circles. 


the stress oo, give the points along curve 
The agreement 
between the two types of points shows 
that the friction angle is, in this instance, 
essentially independent of stress oyy1; 
when such agreement occurs, curve A as 
well as curve B may be obtained from 
results of constant volume tests alone. 

The intersection of the two curves of 
Fig. 9 furnishes a new type of critical 
void ratio which will now be described. 
At the initial void ratio given by this 
point of intersection, tests of either type 
show like compressive strengths, pm. 
Since the constant volume test is repre- 
sentative of the constant volume case in 
nature wherein the total applied oy 
(effective plus neutral) is constant, it is 
seen that both this case and the standard 
test have like applied loads and like 
compressive strengths. It may there- 
fore be concluded that they have like 
strengths in shear. It should be noted, 
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however, (see the curve of Fig, § 
a0 


that the strains required to develop the 
like strengths are not the same for the 
two. Figure 9 thus furnishes the density 
at which equal strength is obtained 
whether volume changes occur with 
perfect freedom or are completely pre. 
vented. If the purpose of a critica! 
void ratio is to indicate the density 
below which there is loss of strength 
because of a “quick” condition, then it 
is believed there is no void ratio which js 
more “critical” than this value. It will 
be given the name of “equal strengt! 
void ratio.” 

For general use the lower, or safer 
strength curve of Fig. 9 should be used 
therefore the lower branches of the 
curves are shown by heavy lines. This 
composite heavy line may be referred 
to as describing the dependable strength, 
so long as there is no possibility of 
occurrence of dangerous vibrations. 

It has been suggested that there isa 
possibility that volume changes are not 
uniform throughout the sample in the 
standard cylindrical compression test; a 
similar possibility exists in the test at 
constant volume, as a central failure 
zone which is expanding may be balanced 
by small compressions in the remainder 
of the sample. Further investigation 
of this possible sourse of inaccuracy i 
needed. 

In Fig. 8 it is seen that the strain at 
the peak point of the p/ao curve is large, 
more of the order of the strain for an 
ultimate point than that for a standard 
peak point (see Fig. 3). This indicates 
that the value of “equal ‘strength void 
ratio” should fall nearer that of the 
ultimate than the peak critical voil 
ratio. This is roughly borne out by the 
single numerical comparison which 5 
available and appears in the last colum 
of Table II. Its value in this instané 
exceeds the peak critical value by thé 
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cylindrical method by an amount slightly 
greater than that by which ultimate 
values exceed peak critical values in the 


direct shear method. 
CONCLUSIONS 


It could hardly be expected that 
results by two methods so _ widely 
diferent in nature as are the direct shear 
and cylindrical compression methods 
would show exact agreement. The com- 
parisons presented herein in some in- 
stances show appreciable disagreements 
but it is believed that on the whole they 
are encouraging. 

The average difference in maximum 
friction angle by the two methods is 
1 or 2 deg. Although comparisons of 
shearing strains are not in agreement, 
the shapes of shearing stress versus 
shearing-strain plots show remarkable 
correspondence. Peak critical void 
ratios are consistently larger by the 


The plane for which shearing strains will 
be desired will usually be the plane on 
which failure occurs, but the strains may be 
obtained for any plane by the method given 
herein. 

At the peak point (point b, Fig. 3), the 
angle between the arbitrarily chosen plane 
lor which shearing strains are to be com- 
puted and the reference plane will be 
lesignated by 6. The reference plane for 
all angles described herein will be the hori- 
wntal plane which is the major principal 
= Let 6) be the angle for this same 

iitrarily chosen plane (the plane through 

ne same soil particles) at the beginning 
the test and @, its angle at any given 
intermediate stage during the test. The 
plane which is normal to the above-men- 
toned plane at the outset of the test will be 
at at the angle of 6’) = 90 —@. ‘To designate 
he angles for this second plane at the inter- 
mediate and peak stages, respectively, 
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APPENDIX 


DETERMINATION OF SHEARING STRAINS 


direct shear method, but by an amount 
which is indicated as being roughly 
constant. 

The cylindrical compression machine 
is recognized as the more valuable for 
fundamental research. A limitation of 
this apparatus is that ultimate properties 
cannot be obtained satisfactorily on it. 
The direct shear apparatus is more rapid 
and simpler and it is believed that in 
testing work of a routine nature, espe- 
cially after more comparisons are avail- 
able to serve as a calibration, this 
apparatus will furnish the majority of 
the shearing properties of sand with 
satisfactory accuracy. 

Use of a new critical void ratio called 
the “equal strength void ratio” is sug- 
gested. Since determination of its value 
requires constant volume tests, it can- 
not be obtained directly by direct shear 
testing but it is believed it is closely re- 
lated to the ultimate critical void ratio. 


Initial Condition — 
Intermediate Stage ------- 
At Peak Point = 


Fic. 10.—Angles Used in Shearing Strain 
Computations. 
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6’, and @’ will be used. ‘These angles are 

shown in Fig.10. If diameter is designated 

by D, effective length by Z and volume by V 

and if zero subscripts are used to signify 

initial values and the subscript one for values 
any given intermediate stages: 
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ile Vo 
(Do + AD)*(Lo + AL) = (Vo + AV) 


or 


(1 + AD/D)*(1 + AL/Ls) = (1 + AV/Vo) 


1 +- AV/Vo 
whence (1 + AD/Do) = 


The relationship between initial and final 
angles will be 


1 + AL/Lo 
4/ i+ AL/Le)* 
(i+av/V) 
(1 + AL/Ly)* _ 
Letting 1 + AV/Vo 
gives” tan@ = tan 4 
cot = WK cot 


ON SHEAR TESTING OF SOILS 


The angle between the two planes js jgj. 
tially 0) + 6’o which equals 90 deg. At the 
intermediate stage it becomes 6, +6’; and 
finally at the peak it equals + 6’. Shear. 
ing strains are herein described as the cp. 
tangents of these angles. The shearing 
strain € is initially equal to cotan 90 deg. or 
zero and at the peak point it becomes: 


and tan 6’ = K cot 6 


cot (6 + 0’) 


€ 


cot (9 + [K cot 6}) 


To express the shearing strain at any 
intermediate point 


_ + Lo) 


| t Ky 
1+ AVi/Vo 


and, similar to the previous derivation, 


€ 


cot (A, + 6’;) 
cot (@, + arctan [K, cot 4)) 


wherein 6 ~ = arctan VE tan | 


whence the following general formula for 
shearing strain is obtained: 


€, = cot (tan7 | tan 


Also tan = /K tan = VK cot + [VW KikK cot 
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SOME INVE STIGATIONS OF THE SHEARING RESISTANCE 
OF COHESIONLESS AND COHESIVE MATERIALS 


By D. M. BurMisTeEr! 


Shearing phenomena in cohesionless 
and cohesive soils are in certain respects 
ientical, but in other important respects 
ae fundamentally different. Certain 
jmilarities and differences in behavior, 
together with the influence of certain 
aspects of testing procedure are discussed 
in relation to the consistency of results, 
using the direct-shear strain-control type 
{ shearing apparatus. Investigations 
ere made on standard Ottawa sand, 
”) to 30 mesh and on a Detroit clay, 
furnished by W. S. Housel, University of 
Michigan, as a part of the research 
project of Subcommittee VII of the 
Society’s Committee D-18 on Soils for 
Engineering Purposes, to determine the 
osistency of results obtained from 
lifferent laboratories using different 
types of shearing apparatus and different 
testing procedures. 

The tests on Ottawa sand were made 
vy Paul Hartman, graduate student, and 
the tests on the Detroit clay were made 
wy H. C. Sperry, graduate research 
sistant in soil mechanics, Department 
{ Civil Engineering, Columbia Uni- 
ersity. 


lpparatus: 


The shearing apparatus is ibatented 


7 1. The shear box, 2} by 3} 

of the direct-shear 
quipped with a metal tooth grid for the 
‘ests on Ottawa sand, and with coarse 
ade porous stones for the tests on the 


Assistant Professor of Civil Engineering, Columbia 
versity, New York City. 


Detroit clay. The normal pressure is 
applied on the shearing bench by means 
of a simple counterbalanced beam sys- 
tem and dead weights. The horizontal 
shearing load is applied by a motor- 
operated gear-reduction device through 
a loading bar, which permits either of 
two shear tests to be made independently 
of the other. The horizontal shearing 
load is measured by means of a calibrated 
loading ring, fitted with an Ames dial to 
indicate the deflection of the ring under 
load. The capacity of the loading ring 
is about 700 lb. at two revolutions of the 
1/10,000 Ames dial. The horizontal 
shearing deformation and the vertical 
expansion or compression of the soil 
during shearing were measured by the 
Ames dial as indicated. The shear 
loading device is of the “constant strain” 
or strain-control type, the rate of 
shearing being controlled by means of 
a rheostat and a time-delay relay. 


Shear Tests on Standard Ottawa Sand: 


The tests on Ottawa sand represent- 
ing as one extreme a cohesionless mate- 
rial were part of a study to determine the 
shearing characteristics of the material 
as influenced by such physical factors as 
initial voids ratio or density and initial 
thickness of the sample. In each case 
a known weight of the dried material 
was placed in the shear box in layers, 
brought to the desired condition of 
density, and carefully leveled off with © 
a special adjustable screed. The efully 
thickness of the layer was hii 
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determined by means of a calibrated 


4 


could be detected by the straddle gage 


straddle gage and an Ames dial after The initial voids ratio in these tests refers Band c 
placing the upper grid in position. From to the voids, either in the loose or dens Pi rea 
these measurements, after correcting condition, respectively, under the de | jefort 
the volume of the sand for the teeth of — sired normal loading. This initial yoiq; 
the grid, the voids ratio was computed. ratio was computed after observing thy 
Two of the series of tests contem- change in the vertical dial reading upg, 
plated were completed, for two limiting application of the desired normal load 
density states—about the loosest possi- Because it was thought that the thick. 
ble condition with an average voids ratio ness of the test sample might have ay 
of about 0.66, and a very dense condition appreciable influence on the results ¢j 
Motor 
4-Lead Reversible, Geor Ratio 34 to! By 
| Rheostat Control, Horizontal Movement 5 2° 
£ | of Loading Bar, 0.2 to0.05 in.permin. §& 
§ ™ Counter -balance Beams SESE 
' > | > 
1 
S | leverArm | AS 
3 1:5 
N 4| 
| 
: 
Front Elevation 
Fic. 1.—Shear Loading Apparatus. 
Upper half of shear box fixed and attached to calibrated loading ring to measure horizontal shearing load. Love 
half of shear box movable and attached to loading standard. 
with an average voids ratio of about 0.50. | the direct-shear tests on granular mate: 
Particular care was taken to obtain as __ rials, a series of tests was made on satl- 
uniform a density condition for these two ples having initial thicknesses of ap- 
series as possible. proximately 0.32, 0.56, 0.80, and 1.05 in 
The loose state was obtained by per- The results of these tests are sum 
mitting the sand to flow gently out of a marized in Figs. 2, 3, and 4. The# 
small funnel, spreading the sand in curves bring out characteristic di 
layers by moving the funnel back and ferences in the shearing behavior of the 
forth in a regular pattern to fill the shear material in the loose and dense stat : 
box. The dense state was obtained by The first characteristic feature has todo J” : 
applying vibrating blows to the upper with the stress-shearing deformatio 
j j 4 Cre 
grid until no further volume decrease relations. In the loose state, Fig. 20), - 
Alij 


— 

| 
| 

if 

a 
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occurs at quite a small horizontal de- 
formation, comparatively of about 0.025 


the shearing stress increases gradually 
and continuously to a maximum which 


is | js reached at a rather large horizontal in. Thereafter with increasing horizon- 
¢ de # deformation of about 0.20 in. (not shown — tal deformation the stress drops off in 
VO) 
B§ 20 
6 Voids Ratio 
¢ Inifial\S, max 
thick SEL 1.5 
ive 0637|063/ 
1310 
1.0 —4!.008 0651 \0642 
o 
S G 
ra 
= ' 
& 666 |067: 
0 0.05 0.10 0.15 +001 O-0.0i-0.02 
Horizontal Deformation, in. Vertical Strain. 
(a) Stress-shearing deformation relations for different (b) Stress-volume change relations 
applied normal pressures. during shearing. 
20 
Thickness of. 
Sample 
4.06 in 
° in 
us * 058 in 
oO ° 0.30 in 
Z 
D 
g 
3 0.5 Average Angle 
Z of Friction. 
Loose State 
ur mate: 2 =33 °30' 
on 
“of 0 05 fe) 15 2.0 
1 1.05 in Applied Normal Pressure,N, kg. per sq.cm. 
re sum: (c) Relation between the applied normal pressure and shearing strength. 
These Fic. 2.-Shearing Characteristics of Standard Ottawa Sand, 20-30 mesh. 
‘ + tar tests made on sand in the loose state. Harvard-type shear box 24 by 34 in. Constant rate of strain type of 
Stic dil- ng loading, average rate, 0.005 in. per min. 
or of the 
e states J " the curves) for a sample 0.80 in. a characteristic fashion quite rapidly to 
as todo | “Ck. On the other hand, in the dense a value about two-thirds to three-fourths 
ormation | “le, Fig. 3(a), the shearing stress of the maximum value. This is of the 
fig. Ya), | “teases rapidly to a much higher maxi- nature of a rupture failure and is char- 
a mum than for the loose state, which acteristic of shearing failure in the dense 
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- state. In the loose state the failure is ratio, it has been shown by Taylor and 


norma 
| more of the nature of a plastic flow. Leps (1)? that the ultimate shearing mi 
Maximum Shearing —E 6 — of Max. Woids Ratio the ve 
| sample Thickness| 3 ¢ 048310504 shown 
B15 
Qa 
2 / — oN 
4 1533 =~ 1050610522 
£ z 
1033 
0533 
0.283 & 
Expansion 
0 0.05 0.10 0.15 +003+002+001 
Horizontal Deformation, in. Vertical Strain, 
+e}) 
(a) Stress-shearing deformation relations for different (6) Stress-volume change relations 
Z applied norma! pressures. during shearing. 
a 
20 
s | hickness of Sample 7 
/, OS/ “mM. 
215 0.794-in. 
4 0.562-in. Y 
£ 0.320-in. VA, 
| 
| 9 
2 506 
H 05 Average Angle of 
a Friction for Dense 05 
7 | State - $=43° 30’, 
| | | 
2 0 
0.5 1.0 1.5 20 
Applied Normal Pressure,N, kg. per sq.cm. Fic. 4 
. (c) Relation between the applied normal pressure and shearing strength. 
1 Fic. 3.—Shearing Characteristics of Standard Ottawa Sand, 20-30 rhesh. In th 
5 Shear tests made on sand in the dense state. Harvard-type shear box 24 by 3} in. Constant rate of strain tye” 
shearing loading, average rate 0.05 in. per min. small 
tends 
While the maximum shearing strength strength is very little affected and his B almos 


is greatly affected by the initial voids about a constant value for all dens"! B reasoy 
. states. This is clearly shown in Fig B state 

2 The boldface numbers in parentheses refer to the 4(@) for the loose and dense states bY BF the sh 
pended to this paper, see plotting the ratio S/N (shearing stress" Bin | 
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somal stress) against horizontal de- 
irmation as suggested by Taylor. 

The second characteristic feature is 
the volume change which always accom- 
sanies shearing action in soils. This is 
shown in Figs. 2(6) and 3(b), for the 
jose and dense states, respectively. 


| Normal Pressure, Dense 


oad kg. per sg.cm.__‘cp 746 
-5 kg. per $q.cm. 


kg. per sq.cm. 
\ 


2kg.per sg.cm. 
4kg.per sq.cm. _| 
/kg.persg.cm.___ Loose _| 
$kg.persg.cm. State 


0.794-in. 


0 
0 0.1 0.2 0.3 


Horizontal Deformation, in. 
(a) S/N curves. 


N 


N 


Voids Ratio 
c 


Normal Pressure, kg. per sq.cm. 


0015 0.0! 0.005 O 0005 0.0! 0.015 
Compression Expansion, ae 
Approximate volume change relations during shearing. 


Fic. 4.—Shearing Characteristics of Standard 
Ottawa Sand, 20-30 mesh. 


In the loose state, except under the 
smallest normal pressure, the material 
tends to decrease in volume or compress, 
almost from the start of the test. The 
teason for this phenomenon in the loose 
late is obvious from the mechanics of 
ihe shearing action. The mass of grains 
na loose structure tends, as a result of 
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shearing deformation with accompany- 
ing relative displacements of grains, to 
assume a more dense state. But invari- 
ably after the ultimate shearing strength 
is reached, a certain amount of expan- 
sion takes place. A point is reached 
where continuous shearing deformation — 
occurs at constant maximum shearing 
stress and at constant volume. This is 
the critical density as first defined by 
Casagrande (2, 3), which is the equivalent 
plastic state for a granular cohesionless 
material. It is to be noted that there is 
a tendency for the magnitude of the — 
volume decrease or compression during | 
shear to be larger with increase in nor- 
mal pressure as indicated by the trend in 
Fig. 4(a). 

In the dense state, although there may 
be a slight compression during the first 
part of the shearing action, the material 
exhibits a marked and rapid volume in- 
crease or expansion near the maximum | 
shear stress point. Such expansion is 
required in order to bring the material 
to the equivalent plastic state and to 
permit continuous shearing at constant 
stress and constant volume. For dense 
materials it is to be noted that the vol- 
ume expansion at the maximum shear 
stress tends to be smaller with increase 
in the normal pressure as indicated in 
the trend of Fig. 3(6). 

The third characteristic feature is the 
effect of the initial density upon the 
value of the angle of friction, ¢. The 
failure of masses of loose grains such as’ 
soils in shear depends on the resistance - 
to displacement of the grains, that is, 
upon the internal friction that can be 
developed. In order to determine the 
angle of friction it is necessary to estab- 
lish the relation between the applied — 
normal pressure and_ the gree 
strength, which is Coulomb’s simple 
equation for cohesionless materials: 
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where: 


S = the maximum shearing strength, 

N = the pressure applied normal to 
the shearing plane, and 

@ = the angle of friction. 


This linear relation is shown in Figs. 
2(c) and 3(c) for the approximate limit- 
ing loose and dense states for Ottawa 
sand. The slope of the mean line 
through the points is tan @ and the 
average value of the angle of friction @ 
for the loose state is 33 deg., 30 min., and 
for the dense state is 43 deg., 30 min., 
which represents a very considerable 
difference in the value of @ with extremes 
of density. A comparison with the value 
obtained for the ultimate stress found 
from Fig. 4(a) shows that the loose state 
and the ultimate shear stress conditions 
have almost identical angles of friction 
with an average of 32 deg., 30 min. 
For materials, either cohesionless or 
cohesive, which show a characteristic 
dropping off of the shear stress after the 
maximum has been reached, design 
should be based on the more conserva- 
tive value of the angle of friction ob- 
tained from the ultimate strength. For 
designs based on the maximum value, 
progressive failure and the consequent 
dropping off of the shearing strength 
would create a serious situation. 

The approximate volume-change rela- 
tions accompanying shearing as influ- 
enced by the initial voids ratio and the 
normal pressure are shown in Fig. 4(d). 
The critical density, as defined by Casa- 
grande (4,5), is indicated approximately 
by the vertical line of zero volume 
change; that is, the voids ratio at the 
maximum shearing stress is the same as 
the initial voids ratio. It is evident 
that the critical density is a function of 
the normal pressure NV, decreasing from 
about 0.74 under a normal pressure of 
t kg. per sq. cm. to about 0.63 under 2 
kg. per sq. cm. 
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q 


Although the results of these series 
tests are not entirely consistent nor cop 
clusive, the thickness of the sample ap. 
pears to have an appreciable influence 
on the value of the angle of friction, th, 
value tending to be smaller for the thick 
samples than for the thin ones. It alsy 
appears from a study of the results that 
the 0.30-in. samples were too thin for 
the complete development of the usual 
thickness of the shearing zone. 


Thickness of Samples, in. ¢, Dense 4, Loose 
0.30.... 44° 30’ 35° 30’ 

Mean line all thicknesses... . 43° 30’ = 33° 30’ 
0.49 0.66 


In the loose state the mean line of 
S/N is a straight line passing through 
zero, indicating that the value of ¢ 
is constant and independent of the 
magnitude of the normal pressure. In 
the dense state, however, either the 
mean line is a straight line which makes 
an intercept on the shear stress axis, or 
it is a curve. Assuming the first case, 
since Ottawa sand has no cohesion, this 
may be due to an interlocking effect oi 
the grains in the dense state. As 
suming the second case, the angle of 
friction is a function of the normal pres 
sure. Computing the value of ¢ for 
each normal pressure separately from 
Eq. 1, it is found to decrease from 5) 
deg., 10 min. under a light normal pres 
sure of } kg. per sq. cm. to a value oi 
42 deg., 45 min. under normal pressure 
of 2 kg. per sq. cm. The curves of 
Fig. 4(a) for the dense state also show 
this effect clearly. The value of S/‘ 
at the peak is greater for light normal 
pressures than for the heayier pressures. 
This effect has been noted and discussed 
by Taylor and Leps (1). 

Although the initial voids ratio, in 
tial thickness of the sample, and the 
volume changes during shear wet 
measured very carefully, the result 
still show inconsistencies. These 
consistencies may result from secondary 
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efects inherent in the direct-shear test — 
con. | method, partly because the size, shape, rar 
le a and any tilting of the shear box may o + 
sence affect results, and partly because of the H> 0! SS os 
large shearing deformations required to 
thi rach the ultimate shearing strength. = 02 
Because of the progressive nature of the Series B 
ix 
“thay | development of shearing resistance along | 
> Uld 
or" the shearing plane in a shear box, the a > = 4 
oi state of stress in the shearing plane can- Conilitiatindl . 
aot be known exactly. For these 
reasons the true angle of friction is not (a) Consolidation curves, shear box. : 
obtained, though probably not greatly yy, 
inerror. The direct-shear test method 20 Series Bt 


is not an entirely satisfactory one for 
determining the shearing characteristics 
of granular cohesionless materials, and 
the consistency of results is not as good 
as desirable. 


Series C~ 
| 


0 
Cohesion AY Series A 
0.5 


w 


> 


e. In § Shear Tests on Detroit Clay: 
ar the 
makes 


Angle of 
Friction-¢ 
Series A~25°-30' ~ 
Series B- 27° 
Series C- 28° /0' 


The Detroit clay represents a plastic 
ohesive material having a liquid limit 
of 25.5 per cent average and a plasticity 


t case, 
index of 8.0. The tests on sample 6) 1 2 3 4 7 


xis, or 


Maximum Shearing Stress, 
kg. per sq.cm 


n, this 
“ oe P-1 were a part of a study to determine Applied Normal Pressure,N, kg.persq.cm. 
ect of 

the shearing characteristics of the mate- (6) Relation between normal pressure and shearing 


ad rial in the remolded state and the con- 


strength. 


sistency of the results obtained by the +0i 
il pres- Expansion 
lirect-shear test method. For the series £ f 
0 
Ane {shear tests on the Detroit clay, the | 
Ji) . 
material was completely remolded and Compression 
rom 3) -02 ies 
rought to the state and moisture con- “9 5 3 
a of ent of the liquid limit. Care was taken 
placing the material to prevent in- Shearing Stress, kg. persq.cm. 
ad lusion of entrapped air. A special (c) Stress-volume change relations during shearing. 
creed was used so that all samples had Fic. Gray 
0 ° we ay. Sample P- etrol ich. 
same initial thickness, 0.75 in. 
of S/. Thi . Materials remolded, a!l tests started at the liquid limit, 
s his thickness was accurately deter- 25.5 percent average. 
norma: mined by meanc ime Series A.—Complete consolidation for each load incre- 
essures ined by means of a straddle gage and ment in precenssldating the specimen to given normal 
il ‘ pressure for the shear test. 
'scussed dial after the porous stones B.- applied at 15-min. 
ere placed < ius > enlida. vals in preconsolidating the specimen to given norma 
p aced and just before preconsolida pressure for the shear test with complete consolidation 
tri on to the desired normal pressure. under this last load increment. Constant rate of shear- 
ing strain type of shearing loading, average rate 0.06 in. 
’ [wo series of the program of tests _ per min. 
ind the Series C.—Very slow shear test, 36 hr., Series A consoli- 
r were ere completed in order to determine, dation. 
sale lst, whether the rate of consolidation 
ny “ading had an appreciable effect on the normal pressure and on the angle of 
condary voids ratio attained under the desired friction obtained in the shear test. In 
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series A complete consolidation was per- 
mitted between each load increment 
(24 hr. interval) in preconsolidating the 
specimen to the given normal pressure 
for the shear test, just as in the regular 
consolidation test. In series B_ the 
load increments were applied at exactly 
15-min. intervals in preconsolidating the 
specimen, but permitting complete con- 
solidation under the last load increment 
for the normal pressure. The final 
voids ratios attained for each normal 
pressure by the two methods are plotted 
in the consolidation stress-strain curves 
of Fig. 5 (a). It is important to note 
that there is a very appreciable differ- 
ence in the compression and therefore in 
the resulting voids ratios and moisture 
contents. The rapid loading appears to 
have almost a dynamic shock effect, 
similar to the effect of a shock or jar on 
the compression of granular materials, 
so that the volume change is greater and 
the material is in a more dense state. 

In order to establish the relation be- 
tween shearing strength and applied 
normal pressure, a series of tests was 
made at preconsolidated pressures of 
i, 2, 1, 2, and 4 kg. per sq. cm., as shown 
in Fig. 5 (6). A linear relation exists, 
which for the natural state of consolida- 
tion, practically passes through the 
origin. This means that a plastic soil, 
usually considered to be cohesive, be- 
haves essentially the same as a cohesion- 
less material having no inherent cche- 
sion, when the material is tested in a 
natural state of consolidation and start- 
ing from ‘the liquid limit. Therefore 
Coulomb’s simple equation, Eq. 1, for 
cohesionless materials applies for mate- 
rials in a natural state of consolidation. 
However the angle of friction is con- 
siderably less than that for Ottawa sand 
in the loose state. 

As might be expected because of the 
smaller voids ratio and moisture con- 
tent, the angle of friction is greater for 
series B than for series A, being 27 deg., 
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0 min., and 25 deg., 30 min., respectively, 
In series A and B the shearing load was 
applied so that a constant rate of shear. 
ing deformation of 0.05 in. per min, was 
obtained. These results show that a 
rapid consolidation loading does not 
represent the natural state of consolidg. 
tion and does not yield a consistent valye 
for the angle of friction, but a valy 
higher—in this case by 1 deg., 30 min, 
for the Detroit clay. This difference 
will vary for different materials and for 
different rates of consolidation loading. 
Therefore it may be concluded that any 
method of preconsolidating the sample 
to the desired normal pressure other 
than complete consolidation between 
successive load increments tends to 
make the angle of friction higher than 
it should be by an unknown and variable 
amount and therefore should not be 
used in determining the shearing chara- 
teristics of cohesive plastic soils. 

For cohesive plastic soils the re 
searches of Terzaghi (8, 9), Jurgenson 
(10), and Hvorslev (11, 12) have given 
us a much better understanding of the 
shearing phenomena and the important 


role that the consolidation characteris | 


tics play. The outstanding physical 


concept introduced by these investiga: | 


tors is that the ultimate shearing failure 
and the deformations of a soil subjected 
to shearing forces are governed, not bj 
the total externally applied stresses 
but by the effective stresses, transmitted 
by grain-to-grain contacts, that is, the 
intergranular stresses. In cohesive soil 
and in fairly impermeable cohesionles 
soils, either in a state of incomplete 
consolidation or under rapid shearin, 
the volume changes which are always 
associated with consolidation and wit 
shearing deformations tend to take place 
so rapidly that hydrostatic stresses 4° 
induced in the pore water. The 
hydrostatic stresses in a rapid shea! 
test cannot be dissipated during th 
test by the escape of excess pore walt! 
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(or by inflow) because of the imper- 
meability of the material. Hence the 
externally applied pressure is carried 
partly by the soil and partly by hydro- 
static stresses. The pore water stress 
is positive, if there is a tendency for 
volume decrease during shearing; that 
is, the pore water is put under com- 
pression and carries part of the external 
load. On the other hand, if there is a 
tendency for expansion during shearing, 
the pore water stress is negative and the 
tensile stresses induced in the water 
exert an additional pressure on the soil 
mass, giving it greater strength. The 
angle of friction, computed on the basis 
of total stresses, is too low in the first 
case and too high in the second, the 
values obtained depending on the rate 
of shearing, the moisture content, the 
load history of the specimen, and the 
consolidation characteristics of the mate- 
rial. 

But both of these conditions are tem- 
porary. Since the pore water itself 
cannot transmit any part of the shearing 
stress, it is only the effective stresses 
that govern the condition of failure and 
Coulomb’s law becomes 


S=(N — W)tan®@........ (2) 


where the effective normal pressure is 
the total applied normal pressure re- 
duced by the hydrostatic stress, W, in 
the pore water at the time of failure. 
As a result of extensive investigations 
Terzaghi and Hvorslev have concluded 
that the true angle of friction of a mate- 
ial can be determined only by a very 
iow shear test in which the stresses are 
completely known. Since the test is 
tun so slowly that the volume changes 
associated with shearing action can 
lully take place, there exists a state of 
complete equilibrium of stresses at all 
stages of the shear test and the hydro- 
static stresses are at all times equal to 
“to. The value of the angle of friction 
obtained is the maximum value for 
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the natural state of consolidation, being 
28 deg, 10 min. for the Detroit clay in 
series C. The difference between this 
value and that for series A run at a 
constant rate of shearing strain of 0.05 
in. per min. depends on the consolidation 
characteristics of the material, that is 
the rate of consolidation during shear. 
Since the average of consolidation is 
rather high for this material, the coef- 
ficient of consolidation being 0.015 
sq. cm. per min., there is only a dif- 
ference of 2 deg., 40 min. between the 
values of the angle of friction for the 
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Fic. 6.—Shearing Characteristics of Detroit 
Clay. 


slow shear test of series C and that of a 
fairly rapid shear test of series A. There 
is also a marked difference in the form 
of the shearing stress - horizontal de- 
formation curves for series A and C as 
shown in Fig. 6. 

The amount of consolidation occurring 
during shear is indicated by the volume- 
changes shown in the stress-volume re- 
lations of Fig. 5 (c). A considerable 
volume decrease has taken place during 
shearing for the material in a natural 
state of consolidation, indicating that 
with the escape of some of the pore water 
the hydrostatic stresses had been re- 
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duced. However, all tests made at a 
more rapid rate than the slow shear 
yield lower intermediate values of the 
angle of friction with unknown effective 
stresses acting, which cannot as yet be 
evaluated because the magnitudes of 
the hydrostatic stresses are not known. 
Because it is difficult to evaluate the 
effective stresses in all such cases, resort 
has been had to the use of total stresses. 
But this has led to misinterpretation of 
shear test results with inconsistent and 
variable values of the angle of friction 
depending on the rate of shearing, the 
consolidation characteristics of the mate- 
rial, and other factors. 

Next a series of tests was made for 
series A and B in a state of overcon- 
solidation, that is, the material was in 
every case first preconsolidated under 
4 kg. per sq. cm. pressure, and then 
successively unloaded in a series of tests 
to 2, 1, 3, and } kg. per sq. cm. After 
expansion and resaturation under these 
pressures, the samples were subjected 
to the shear test. The unloading cycle 
of the consolidation curves is shown in 


flatter' than for the primary loading 
curve. The unloading cycle for the 
shearing strength - normal pressure 
curve stands in a characteristic position 
with respect to the primary loading 
curve. 
(b) complete two branches of the loading 
cycle for consolidation and shear, namely, 
the primary compression branch and 
the unloading branch with 4 kg. per sq. 
cm. as the maximum preconsolidated 
load in this case. This represents the 
load history of the test series. Again 
series B yields a higher value of the angle 
of friction than series A, as shown by the 
steeper slope in Fig. 5 (0). 

In a state of natural consolidation 
Coulomb’s simple equation for cohesion- 
less materials applies, either Eqs. 1 or 
2. In a state of over consolidation 
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Fig. 5 (a) and is characteristically much — 


The curves of Fig. 5 (a) and 


(unloading branch of curve) Coulomb's 
more general equation applies 


3 
where: 
C = the cohesion, and 
g¢’ = the angle of friction obtained }y 


using total stresses. 


In the application of Coulomb’s 
equation to cohesive soils, Terzaghi 
(8) and Hvorslev (11) have demonstrated 
that this simple law is valid only under 
certain special conditions, and that the 
moisture content relations, the load 
history, and the effective stresses are 
competent to explain all shearing phe- 
nomena in cohesive soils, which have 
been obscure and difficult to interpret. 
The values of the angle of friction and 
cohesion are then determinable and 
consistent. Coulomb’s equation then 


takes the form 


S = f(C) + (N — W) tan ¢....(4) 
where: 


a cohesion function, de- 
pending on the mois 
ture content and the 
load history of the 
sample, 

the true angle of friction, 
and 

the effective stresses. 


(N — W) 


Cohesion is not a simple inherent 
constant physical property for a given 
soil, as first supposed, but is now known 
to depend on the initial moisture content 
for the natural state of consolidation 
and the subsequent load listory of the 
sample. In series A the load history i 
expressed by the primary loading ané 
the unloading branches of the consolida- 
tion curve of Fig. 5 (a) with 4 kg. per 
sq. cm. as the maximum preconsolidated 
load and for a rate of shearing strain 0! 
0.05 in. per min. The shearing charac 
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teristics for series A and C (incomplete) 
are as follows: 


Cohesion, kg. Angle of 
) State of Consolidation per sq. cm. Friction 
ies A: 
Natural 0 (practically) 25° 30’ 
Overconsolidation (4 kg. 
per sq. cm.) 20° 35’ 
Neries C: 
J | Natural 0 (practically) 28° 10 


Considering the volume-change rela- 


mb’s tions for the Detroit clay for the un- 
aghi loading cycle, in contrast with the results 
‘ated ina natural state of consolidation, there 
inder is a tendency for expansion during 
t the shearing as shown in Fig. 5 (c), and the 
load pore water is thereby put in tension, 
are which increases the total externally 
phe- applied stresses. But this condition is 
have temporary and such stresses would be 
pret dissipated during a slow shear test. 
| and This means that the volume changes 
and vould be somewhat larger in a slow 


then shear test. Under these circumstances 
the shearing stresses are larger than they 
would be if effective stresses obtained 
in the region where expansion occurred 
luring shear, and smaller in the region 


vyhere compression occurred during 
n, de- shear. This in effect rotates the ¢ line 
— ” that the value of the cohesion is 
d irger and the angle of friction is smaller 
f the the curve is flatter) than that obtained 
_ 1 Slow shear test, in which effective 
ction, tresses acted throughout the test. 
: Hence for a state of overconsolidation 
onsistent and variable values of 
herent cohesion and angle of friction are ob- 


given lained for all shearing rates except a 


known very slow shear test. 

ontent lt may be concluded that the first 
dation requirement for obtaining reliable in- 
of the mation on the shearing characteristics 
tory is ‘ohesive soils by the direct-shear 
ng and ethod is to permit complete consolida- 
\solida- n between each successive load in- 
kg. per ‘ement in preconsolidating a specimen 
lidated to the given normal pressure for primary 
train o! ding and reloading branches of the 
charac- nsolidation curves and complete ex- 
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pansion and resaturation for the un- 
loading branches of the curves. The 
second requirement is to conduct the 
shear test at a slow enough rate so that 
complete equilibrium condition and effec- | 
tive stresses obtain throughout the test. 
Therefore the stress conditionsare known. 
The third requirement is to make such — 
a series of tests as to define the pri- 
mary loading, unloading, and ae 
branches of the loading cycle for some 
selected maximum preconsolidated pres- 
sure for the given material in order to 
determine for a set of known conditions — 
the values of the cohesion (if it wie: 
and the angle of friction and the be- 
havior characteristics of the material 
in shear. 

The practical significance of these 
tests on remolded materials is that they. 
give us a better understanding of the 
shearing characteristics of undisturbed | 
soils and provide a clue for the inter- 
pretation of the results of the shear tests. 
The undisturbed soil in the ground in a 
natural state of consolidation differs in 
one very important respect from the 
remolded material in that it possesses 
an inherent structure. In determining 
the shearing characteristics of undis- 
turbed soils one must consider two cases. 
The most common one is that of a soil 
in a natural state of consolidation in 
which the preconsolidation load (maxi- 
mum pressure under which the soil has 
been completely consolidated) is equal 
to the weight of the overburden present. 
When an undisturbed sample is taken 
from a boring and prepared for test, 
the material expands on the unloading 
consolidation curve to zero load. In 
determining the shearing characteristics 
of undisturbed samples for normal pres- 
sures less than the preconsolidation 
load, one is operating on the reloading 
cycle of the consolidation and shear 
curves. The values of the cohesion 
and angle of friction so obtained are not 
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representative of conditions of the soil 
in the natural state. Stress conditions 
equivalent to those in the natural state 
do not obtain until the normal pressure 
is made equal to the preconsolidation 
load. For greater normal pressures the 
reloading curve becomes tangent to the 
primary loading curve and one is again 
operating on the primary loading curve. 
It is only the primary loading branches 
of the consolidation and shear curves 
above the preconsolidation load that are 
approximately representative of condi- 
tions of the soil in the natural state or 
any subsequent state due to externally 
applied loadings. 

For many soils in a natural state of 
consolidation, this primary loading curve 
practically passes through the origin in a 
similar manner to the curves for re- 
molded materials as shown in Fig. 5 (0), 
and the cohesion is practically zero. 
Coulomb’s simple law expressed by 
Eq. 2 applies. However, the value of 
the angle of friction for undisturbed 
materials is less than that for the re- 
molded material, because for the same 
normal pressure the voids ratio and 
moisture content are greater for the 
undisturbed material. 

The second case is that of a soil in a 
state of overconsolidation, which is a 
quite frequent one. The soil has, at 


(1) D. W. Taylor and T. M. Leps, “Shearing 
Properties of Ottawa Standard Sand as 
Determined by the M. I. T. Strain Con- 
trol Direct Shearing Machine,” Paper C, 
Proceedings, Soil and Foundation Con- 
ference, U. S. Engineer Dept., June 
17-21, 1938, Boston, Mass. 

_ (2) Arthur Casagrande, “Characteristics of 
Cohesionless Soils Affecting the Stability 
of Slopes and Earth Fills,” Publication 
No. 173, Graduate School of Engineer- 
ing, Harvard University (1935-1936). 

7 (3) Arthur Casagrande, “Notes on Shearing 
Resistance and Stability of Cohesionless 
Soils,” Paper D-33, Vol. III, p. 58, 
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Density, Paper BII. Compaction 
_ Tests and Critical Density Investiga- 


sometime in its load history, been con. 
solidated under much higher pressures 
than due to the present overburden. 
This condition may result from the 
erosion of part of a greater overburden, 
or other causes. This is also true of 
artificially compacted soils by tamping, 
rolling, etc. In this case one is operat- 
ing on the reloading branches of the 
consolidation and shear curves. The 
portion of the curve above the pressure 
equal to the weight of the overburden 
(or equivalent compacting pressure) js 
approximately representative of con- 
ditions in the natural state. Coulomb’s 
more general law as expressed by Eq. 4 
applies and the cohesion and angle of 
friction are obtained from the reloading 
branches of the shear curve. 

The problem in each case is to set up 
the test conditions, which are as nearly 
as possible representative of conditions 
in the natural state. This requires not 
only properly conducted consolidation 
tests to determine the preconsolidation 
load and consolidation characteristics 
of the material, and shear tests to es- 
tablish the behavior characteristics of 
the material in shear, but also a correct 
interpretation of the test results in 
order to obtain values of the cohesion 
and angle of friction which are con- 
sistent and representative. 
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THE SHEARING RESISTANCE 


OF SOIL 


ITS MEASUREMENT AND 


PRACTICAL SIGNIFICANCE 


By W. S. 


Shearing resistance is one of the most 
important of the physical properties of 
soil and yet one is likely to be amazed 
and confused by the variety of answers 
which leading investigators would give 
to the single question of ‘‘what is shear- 
ing resistance?” Objectively shearing 
resistance is the resistance of material to 
tangential displacement under the action 
of tangential forces. Any soil subjected 
to such a test either would or would not 
possess this resistance and there would 
appear to be no particular experimental 
diffic ulty in determining its magnitude. 

It is possible to differentiate quite 
clearly between objective and subjective 
attributes of shearing resistance of soil 
by strict adherence to the meaning of 
these terms. Asa starting point it may 
be said that soils may first be considered 
in two large groups of granular and co- 
hesive soils. A granular soil is one in 
which the particles are too large to be 
noticeably affected by molecular forces 
of attraction and repulsion. A cohesive 
soil is one in which the particles cohere 
or stick together under the influence of 
these same molecular forces. 

Both cohesive and granular soils pos- 
sess shearing resistance in the objective 
sense which may be reduced simply to 
resistance to tangential displacement 
under the application of tangential force. 
The proof of this is not difficult, it being 

' Associate Professor of Civil Engineering, University 


of Michigan; Research Consultant, Michigan State High- 
way Dept., Ann Arbor, Mich 


House! 
simply a matter of applying the def. 
nition. The experimental technique oj 
applying the force and measuring the 
displacement may be simple and direct, 
It should demonstrate clearly whether 
any given soil has such resistance and 
should determine its magnitude. 
Beyond this point, however, the prob- 
lem becomes more intricate and in many 
respects uncertain due to the introduc- 
tion of speculative concepts of behavior 
which are necessary to a more complete 
understanding of the mechanisms in- 
volved in shearing resistance. Before 
shear test data can be used in predicting 
soil behavior under practical conditions 
it is necessary to establish the inter- 
relationship of shearing resistance and 
moisture content, normal pressure, bear- 
ing capacity or ability to support loads, 
dimensional effects, and numerous other 
attributes and conditions which affect 
soil behavior. The introduction of some 
mechanism to describe these phenomena 
is the only method by which further 
progress can be made, and it is at this 
point that diverging viewpoints originate 
and controversy arises. In the author’ 
opinion it is most important that every 
student of soil mechanics, clearly mark 
this boundary between fact and hypothe: 
sis and be on guard against accepting 
speculative concepts as factual evidence. 
It is at this point also that it become 
necessary to differentiate between 
hesive and granular states, as thei 
different characters may require entirely 


ceive 
tirely 
shear 
accey 
two | 
onorr 
field 

mum 
genel 
ticul: 


Shearing Stress, fs 


mate 
with 
than 
stres 

It 
resis 
cohe 
whic 
men 
part 
origi 


| 
differ 
oye 
abilit 
| 
q 
| 
4 
’ 
: 
fore 
ohe 
Ir 


ND 


que of 
the 
direct. 
hether 


pr ob- 
many 
roduc: 
havior 
mplete 
ns in- 
Before 
dicting 
ditions 
inter- 
ce and 
», bear: 
loads, 
s other 
affect 
of some 
further 
at this 
‘iginate 
uthor's 
t every 
y mark 
ypothe- 
cepting 
‘idence. 
ecomes 
pen C0- 
s thelr 
entirely 


diferent mechanisms to describe their 
ability to resist shearing displacement. 


COHESIVE SOILS 


In purely cohesive soils it may be con- 
ceived that shearing resistance is due en- 
tirely to cohesion. As a matter of fact, 
shearing resistance is quite generally 
accepted as the measure of cohesion, the 
two terms being used more or less syn- 
onomously in general practice. In the 
field of strength of materials the maxi- 
mum shear theory seems to be more 
generally acceptable than others, par- 
ticularly as related to ductile or plastic 


materials and certainly in connection 
with those materials incapable of more 
than negligible resistance to tensile 
stress, 

[t seems sufficient to describe shearing 
resistance in such materials by defining 
cohesion as that property of a material 
which produces resistance to displace- 
ment by the mutual attraction between 
particles involving forces of molecular 
rigin, characteristic of microscopic and 
‘ubmicroscopic matter. This definition 
s intended to include all molecular 

ces, for example both adhesion and 
ohesion as ordinarily defined. For the 
purpose of discussing cohesive 
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Fic. 1.—Properties of Plastic Solids. 
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attention may be focused on plastic 
solids as typical of‘such soils. 

James Clerk Maxwell is generally 
credited with being the first authority to 
formulate an adequate description of the 
behavior of plastic solids and his views 
appear to have been quite generally 
acceptable to modern investigators.” 
The following definition by Maxwell is 
quoted by Bingham and can scarcely be 
improved upon: 


“If the form of a body is found to be 
permanently altered when the stress exceeds 
a certain value, the body is said to be soft 
or plastic and the state of the body when the 


2 
& 
: A 

c 

Shearing Displacement, A 


alteration is just going to take place is called 
the limit of perfect elasticity. If the stress, 
when it is maintained constant, causes a 
strain or displacement which increases con- 
tinually with time, the substance is said to 
be viscous. 

“When this continuous alteration of form 
is only produced by stresses exceeding a 
certain value, the substance is called a solid, 
however soft it may be. When the very 
smallest stress, if continued long enough, 
will cause a constantly increasing change of 
form, the body must be regarded as a 
viscous fluid, however hard it may be.” 


The measurable magnitudes which 


2 E. C. Bingham, ‘‘Fluidity and Plasticity,’’ McGraw- 
Hill Book Co., Inc., New York City (1931). 
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may be associated with plastic solids are 
illustrated in Fig. 1.° In part (a) the 
plastic solid is compared to a viscous 
fluid and the relation shown between 
shearing stress and rate of shearing de- 
formation. In the plastic solid the rate 
of shearing displacement is zero for a 
shearing stress less than the indicated 
yield value. For shearing stress greater 
than the yield value the rate of displace- 
ment, v, increases in direct proportion 
to the amount of stress in excess of that 
value. In that range of load the ma- 
terial behaves as the viscous fluid which 
is also shown passing through the origin. 
In Fig. 1(6) the behavior of a plastic 
solid is indicated in relation to the be- 
havior of solids. The shearing displace- 
ment, A, refers to the total deformation 
for any given shearing stress. When 
the stress is less than the yield value the 
displacement is within the elastic range 
and static equilibrium is established. 
When the yield value is exceeded the 
total deformation becomes infinite when 
the time, #, is unlimited. 

It should be pointed out that in the 
above definitions the representations of 
shearing resistance have not departed 
from measurable magnitudes. While 
bordering on subjective concepts of be- 
havior no speculative mechanism has 
yet been introduced. The existence of 
molecular forces may be accepted as a 
reality, and the definite yield value either 
does or does not exist as determined by 
experimental observation. It must be 
admitted, however, that the discussion 
so far contemplates a material which 
maintains its individual identity and 
suffers no change during the observation. 
No provision is made for changing mois- 
ture content due to consolidation under 
normal pressures acting on the element 
of mass subjected to shearing displace- 
ment, and it is assumed that shearing 
resistance is a function of cohesion inde- 


Apparent Cohesion: 


In attempting to establish some rela. 
tionships which will encompass such 
changes in the material during stress 
application, two behavior concepts have 
been introduced into the mechanics of 
cohesion which depend primarily on 
speculative mechanisms. These two 
attributes are generally known as “ap. 
parent cohesion” and “true cohesion.” 

Apparent cohesion has been intro- 
duced into soil mechanics literature by 
Terzaghi who summarizes his concep- 
tions of the cohesion of clay as follows? 


“The cohesion of clay is due to two 
factors. One of these is the pressure exerted 
by surface tension of the capillary water, a 
force whose intensity exceeds all other forces 
the earthwork engineer has to deal with. 
It may amount to several hundred at- 
mospheres; it compacts loose, colloidal 
sediments more thoroughly than can be done 
by artificial means except in the laboratory 
by using a high-power testing machine. 
Swelling of clay is nothing more or less than 
the purely elastic expansion produced by 
the elimination of the surface tension of the 
capillary water. Local evaporation of the 
capillary water or local flooding of the 
surface of clay deposits produces secondary 
stresses, the intensity of which is far greater 
than the weight of the heaviest structures 
and which were found to be the primary 
cause of many vast soil displacements, 
known as earth slips. 

“The second one of the factors mentioned 
consists in the fact that the properties of 
water contained in voids of width less than 
0.0001 mm. are no longer identical with 
those of ordinary water. In such voids, 
viscosity and surface tension are increased 
(in inverse proportion to the diameter of the 
voids) and the water loses its ability to 
evaporate in contact with air. Thus the 
capillary water of the clays is to a certain 
degree solidified by the influence of the 
forces exerted by the molecules of the solid 
matter. Due to this fact the capillary 


3K. Terzaghi, ‘Compressive Strength of Clay,” 
gineering News-Record, Vol. 95, November 12, 1925, p- 1%. 
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oressure assumes far greater values than it 
sould if the surface tension of the capillary 
water had its normal value.” 


While the two types of cohesion thus 
escribed are generally known as “ap- 
sarent cohesion” and “‘true cohesion,”’ it 
is interesting to note that both are de- 
scribed in terms of the mechanism of 
wrface tension. The only recognition of 
the direct influence of molecular forces 
identified with adsorbed moisture is in 
the increased viscosity and surface ten- 
jon of water in fine-pored media. 

Other investigators differentiate more 
dearly between apparent cohesion and 
tue cohesion and identify true cohe- 
sion as molecular reactions transmitted 
through adsorbed moisture films and not 
necessarily involving the surface tension 
mechanism. One form of this concept is 
resented by Hvorslev as follows:* 


“As indicated by its name, the main 
property of a cohesive soil is the possession 
{ the so-called true cohesion in contrast to 
he apparent cohesion, caused by capillary 
ind flow pressures, which also appears in 

hesionless soils. Furthermore, the cohe- 

soils are generally able to undergo 
lastic deformations. According to current 
neeptions, these properties are mainly 

e to the content of minute particles of 
rtain minerals, the so-called clay minerals. 
Due to their crystal structure these particles 

e the form of flakes and are able to 
ttract and orient the bi-polar water mole- 

sin such a manner that the water 
nanges its original properties; the density 

1 the viscosity increases the closer we 

me to the surface of the flaky particles. 

particles may be said to be surrounded 
ilms of partly solidified water. When 
these films overlap, certain internal forces 
fe created and bind the particles together. 
lo not yet know the exact nature of 
¢ water films and the forces they create, 

i the above conception is just a rough 

rking hypothesis.” 

M. J. Hvorslev, “The Shearing Resistance of Re- 


1 Cohesive Soils,” Proceedings, Soils and Founda- 
nference, U. S. Engineer Dept., June, 1938. 


high order of magnitude, and strangely 
enough at the same time denies that 
water has any shearing resistance. For 
example, Casagrande states: “after all 
it is shearing resistance of soils which 
makes it possible to found a structure on, 
or to build an embankment of a mass of 
individual grains which are not cemented 
together. We cannot attempt to use 
water for this purpose because it has no 
shearing resistance.” 

A familiar method of illustrating the 
effect of surface tension is to evacuate a 
rubber bag filled with pebbles or dry 
sand. The effect of introducing the 
tensile forces in this membrane analogy 
may appear to the uninitiated to be a 
spectacular demonstration of a funda- 
mental principle. It may also be used 
as an apt illustration of the danger of 
using an analogy as a basic mechanism 
for describing physical behavior. ' 


In contrast to this viewpoint, authori- - 
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There are several aspects of the surface 
tension mechanism as the origin of co- 
hesion which deserve critical examina- 
tion. Apparent cohesion in this con- 
nection accepts surface tension as a 
physical reality instead of a mathe- 
matical device substituted for the actual 
forces which give rise to free surface 
energy. This concept also postulates 
tensile resistance of capillary water of a 


ties in physics and physical chemistry 
are emphatic in pointing out, and the 
evidence is quite conclusive, that there 
is no contractile skin on liquid surfaces 
and that in reality there can be no tensile 
stress. Adam makes quite clear the 
character of surface tension as a mathe- 
matical device for dealing with problems 
involving surface energy and points out © 
the danger in mistaking it for a physical 
5 A. Casagrande, ‘““The Shearing Resistance of Soilsand 
Its Relation to the Stability of Earth Dams,” Proceedings, — 


Soils and Foundation Conference, U. S. Engineer Dept., 4 
June, 1938. 
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reality in the following quotation from 
his text:* 


“The great convenience of the hypothesis 
of surface tension, as the equivalent of free 
surface energy, combined with the fact that 
it was in use nearly a century before the 
conception of energy became definite, has 
given the words ‘surface tension’ a pre- 
dominance in the literature of surfaces, 
which does not rightly or logically belong 
to them. The term ‘surface tension’ has 
often been strained to imply that liquids 
have in their surfaces some mechanism like a 
stretched membrane pulling parallel to the 
surface. The surface is said to be in a 
state of tension.’ This view must not be 
pushed too far. Any mechanism possessing 
free energy in the surface will undergo the 
spontaneous contraction which has led to 
the idea of surface tension; hence we can 
gain practically no idea of the actual nature 
of the mechanisms in the surface, from this 
fact of spontaneous contraction alone. The 
view that there is some skin in the surface, 
pulling parallel to it, leads to great difficul- 
ties when the structure of the supposed 
skin is considered in terms of molecules. 
“On molecular theory, positive surface 
free energy or surface tension, is due to an 
inward attractive force, exerted on the 
surface molecules by the underlying mole- 
cules. ‘There is no special force between the 
surface molecules, pulling parallel to the 
surface ****** 

“Attempts to explain the surface phe- 
nomena of pure liquids in terms of a pull 
parallel to the surface are still rather fre- 
quent; and two other aspects of these 
attempts may be noticed. Some writers 
suggest that the surface molecules have 
their force-fields so deflected as to form a 
kind of linked skin in the surface, the 
attractions of the surface molecules being 
directed along the surface instead of equally 
in all directions. Apart from the fact that 
such a deflection of the force-fields would be 
difficult to account for unless the molecules 
were capable of a very special orientation 
in the surface, it would seem that this 
closely knit skin would be a hindrance, 


. K. Adam, ‘‘The Physics and Chemistry of Sur- 


Sean? ” Oxtord University Press, London, England (1930). 
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rather than a help, to the contraction of th 
surface; for the essential occurrence whe, 
a surface contracts is that molecules are ¢ 
pelled from it, and a particularly strong 
linkage between the surface molecules wou) 
tend to keep them in the surface. This js , 
fair specimen of the contradictory nature of 
theories which are based on a desire 1 
ascribe a physical reality to the purel; 
mathematical device of surface tension, 
“***The essential mechanism, even op 
Laplace’s theory (which subdivides th 
liquid indefinitely) of the production of th: 
free surface energy, is the perpendicular 
inward attraction, exerted on the surfac: 
molecules by the underlying ones; there is n 
need to speculate how this can be trans. 
formed into a surface tension parallel to the 
surface, for the surface tension does not 
exist as a physical reality, and is only the 
mathematical equivalent of the free surface 
energy. The mathematical device wil 
always be available as a substitute for this 
free energy, whatever the mechanism by 
which this energy is produced molecularly, 
it can, therefore, never tell us anything 
about the mechanisms at the surface.” 


Corollary to the use of the surface ten- 
sion analogy in the mechanics of cohesion 
is the concept of the soil-water system a 
two discontinuous phases in which the 
soil particles are pictured as an inde- 
pendent framework with free water 
filling the void space and held in the 
mass only by surface tension. There 
follows the introduction of “effective 
stress” as distinct from total stress, it 
being conceived that an element of mas: 
subjected to pressure will divide the total 
pressure between the solid framework 
and hydrostatic pressure in the voids 
On the basis that the free water cannot 
withstand any differential pressure under 
conditions of static equilibrium it is con 
sidered that due to consolidation the 
hydrostatic pressure difference is gradu- 
ally transferred to the solid framework « 
the water is squeezed out. Any differ 
ence in principal pressures which gives 
rise to shearing stress in the element 
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relegated to the role of internal friction, 
there being no recognition in this de- 
velopment of true cohesion due to mo- 
lecular forces in the adsorbed water. 
Thus apparent cohesion and the concep- 
tion of the soil-water system as two 
parate phases is founded on a specu- 
tive concept rather than a physical 
reality. While the use of surface tension 
has been tolerated as a mathematical 
device, the warning has been given that 
it is dangerous ground to build upon. 
[ts use in the mechanics of cohesion is 
the real source of controversy between 
two rather definitely opposed schools of 
thought in soil mechanics. 

In the author’s opinion apparent co- 
nesion based on the conception of 
ohesive soils as a system of two sepa- 
rate phases consisting of a framework of 
oil particles and voids filled with water 
ntroduces several outstanding incon- 
sistencies. In the first place, the whole 
theory collapses completely for those 
ils in which the voids are not filled 

th water and, as a matter of fact, its 
supporters clearly state that it applies 
nly to saturated soils. What then of 

se cohesive and plastic soils which 
renot saturated? ‘They have shearing 
esistance due to cohesion as defined; 
their consolidation under normal pres- 
sures apparently differs very little, if 

y, from saturated soils. 

In the second place, the volumetric 

ilysis of many clay soils, regardless of 

hether they are saturated or not, indi- 
ites that the quantity of adsorbed mois- 
ire is such that the voids in the mass 
re considerably in excess of the voids 

4 granular mass in the loosest state. 
other words, mechanical stability or 
ternal friction cannot play more than 
negligible part in their resistance to 
splacement because the particles are 
revented from making contact by the 
lervening moisture films. These ob- 
tvations are common experience in all 


lr 
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clays and the possibility of a flocculated 
structure to form the independent solid 
framework capable of carrying the so-— 
called effective stress appears to be 
nothing more than a remote possibility 
in the exceptional case. 

In the third place, the great impor- 
tance attached to surface tension as the 
source of cohesion capable of producing — 
tremendous pressures is not borne out by 
experimental evidence. On the con- 
trary, some investigators have been un- 
able to discover any evidence that local 
evaporation or local flooding of the sur-— 
face of the clay produces an effect on the 
bearing capacity of a clay deposit as 
long as the change in moisture content 
does not penetrate more than a negligible 
distance into the mass. 

The practical implications of apparent | 
cohesion and the surface tension mecha- 
nism are far-reaching. To accept it is 
to accept that clays have no inherent > 
shearing resistance or cohesion and no— 
bearing value other than pure flotation. 
By the same criterion no clay embank- 
ment can be in stable equilibrium except 
as the result of internal friction which — 
is a function of normal pressures, and > 
can be destroyed by the separation of 
particles due to adsorbed moisture films. 

These conclusions would have to be 
accepted and are accepted by some in 
spite of the fact that there are many 
examples of saturated clay deposits 
carrying heavy structures which impose 
pressures in excess of static earth pres- 
sure and yet do not suffer progressive 
settlement. Load tests and laboratory 
shear tests demonstrate that these ma- 
terials have substantial resistance at zero. 
normal pressure, and their increased re- 
sistance due to increased normal pres- 
sures is negligible in comparison. Em-_ 
bankments surrounding excavations in 
these same materials remain in equi- 
librium as far as displacement is con- 
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no relation to the intensity of normal 
pressure. 

In this connection the author was 
greatly interested in a discussion of em- 
bankment failures by Terzaghi at the 
1938 Annual Meeting of the Highway 
Research Board. He stated that in the 
investigation of a number of major earth 
slides in Bulgaria and similarly in the 
analysis of earth slides by Swedish en- 
gineers, it was found that the shearing 
resistance mobilized on the failure sur- 
face agreed very closely with the shearing 
resistance at zero normal pressure as 
determined by shear tests. : 


True Cohesion: 


The state of confusion and the conflict 
between theory and practical experience 
that has resulted from the widespread 
use of apparent cohesion and the surface 
tension mechanism is entirely eliminated 
if true cohesion in the sense that it has 
always been applied to cohesive ma- 
terials is accepted in soil mechanics. 

The mechanism involved is no differ- 
ent from that which has been generally 
accepted in other fields and is being used 
by several investigators in soil me- 
chanics. As in the chemistry of surfaces 
it is conceived that the surface of any 
solid, in this case the surface of soil 
particles, is capable of adsorbing mole- 
cules which may become permanently 
attached to the surface forming adsorbed 
layers. Particularly with polar sub- 
stances such as water, molecular orienta- 
tion following adsorption may build up 
boundary layers many molecules in 
thickness. In such molecular orienta- 
tion the water molecules lose their 
mobility in varying degrees depending 
on the magnitude of the molecular forces 
of attraction. It is entirely logical to 
suppose that this mechanism extends to 
the formation of continuous molecular 
chains which mark the beginning of a 
crystalline structure. 


SYMPOSIUM ON SHEAR TESTING OF ae . 


Thus, in fine-pored media such x 
cohesive soils, permanent bonds may 
form between adjacent particles and cp. 
hesion or static shearing resistance bg. 
come a physical reality. Any soil tha 
achieves this state, sometimes referre 
to as solidified water, would exhibit , 
definite shearing resistance which mus 
be overcome before displacement under 
shearing stress could take place in the 
mass. Such a substance would exhibit 
a yield value in accordance with the 
definition of a plastic solid given by 
Maxwell, Bingham, Nadai, and other 

There is nothing in this view that con. 
flicts with the variation in shearing re. 
sistance or cohesion with a variation in 
moisture content, temperature or pres 
sure, or with the shrinkage and expansion 
of soils. In fact the concept of true 
cohesion brings much better agreement 
in many respects. Evaporation of soil 
moisture leads to decreased thickness of 
adsorbed layers and increased cohesion 
only when the decrease in moisture con- 
tent has affected the entire soil mas 
whereas apparent cohesion would be- 
come entirely mobilized as soon as the 
surface was subjected to local drying 
The change in cohesion may then be 
associated with shrinkage of the sil 
mass which may require a considerable 
time interval after the surface of the 
mass has become dry. As the soil mass 
approaches the shrinkage limit and long 
after the hypothetical “surface tension 
must have been completely mobilized, 
the cohesion continues to increase and 
approach its maximum value. 

The stage approaching the shrinkage 
limit also represents the condition unde 
which the soil particles are drawn int 
closer contact and mechanical inter 
locking may give rise to shearing resis‘ 
ance known as internal friction. It 
worthy of notice that in order to product 
similar effects by the application of pre 
sure there would be required consolida- 
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tin pressures of relatively enormous 
magnitudes. Thus film thicknesses may 
be decreased with comparative ease by 
the removal of water by evaporation a 
molecule ata time. The static pressure 
required, however, to squeeze molecules 
fom the adsorbed films is out of the 
range of the ordinary pressures of prac- 
tical experience. 

Thus one comes logically to the con- 
cusion that shearing resistance due to 
cohesion is for all practical purposes 
relatively independent of normal pres- 
sures. This position is sound because 7 
the change in moisture content with in- 
creased pressure within the range of ; 
practical experience is not sufficient in a 
saturated soil to bring soil particles into ; 


contact. It may be added further that a 


the pressure concentration which it is 
possible to develop in the indefinite mass 
of a clay deposit without lateral dis- 
placement is in itself limited by the 
shearing resistance of the soil and cannot — 
approach the pressures which may be 
applied in the confined compression test. 

That resistance to shearing displace-— 
ment in pure cohesive materials is inde-_ 
pendent of normal pressure is consistent a 
with the generally accepted criterion of 
failure given by the maximum shear > 
theory. This relationship is illustrated 
in Fig, 2, 

Given the principal stresses on an ele- 
ment of mass of which p, is the maximum 
principal pressure and #, the minimum, it 
may be shown that the maximum shear- 
ing stress acts on planes at 45 deg. to the 
principal planes and is equal to one half 
the difference between the principal pres- 
sures. From this, the criterion of failure 
may be stated as the maximum differ- 
ence between the principal pressure, 


equal to twice the shearing resistance of 
the soil. 


> 


po Pr 2S 


This condition is satisfied for any values 


of static pressure as long as the maximum > 
difference is not exceeded and thus the 
normal pressure, ~,, may be increased or 
decreased without affecting the maxi- 
mum shearing resistance. 


SHEAR TESTS FOR COHESIVE SOILS _ 


It would appear then that in cohesive 
soils which conform to the definition 
given, the measurement of shearing re- 
sistance can be reduced to a determina- 
tion of the yield value of the soil. The 


4 
S*0707 = 0.707Pv -0.707Pn 
(Pv-Pn) 


Fic. 2.—Criterion of Failure for Cohesive 
Materials. 


author has for a number of years em- 
ployed two simple shear tests for this 
purpose. The first of these has been 
designated as a penetration method of 
measuring shearing resistance and is de- 
scribed in detail in a paper presented be- 
fore the Society in 1935.’ This method 
consists of driving a standard core barrel 
into the soil with a standard blow and 
measuring the penetration per blow. 
The penetration per blow has been cor- 
related with the number of blows for 6 in. 

7W. S. Housel, ‘‘A Penetration Method of Measuring 


Soil Resistance,’’ Proceedings, Am. Soc. Testing Mats., 
Vol. 35, Part II, p. 472 (1935). 
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of penetration and this index used to 
evaluate shearing resistance of the soil. 
Shearing resistance values so obtained 
have been correlated with load tests and 
with a simple transverse shear test con- 
ducted on the clay core. 

This transverse shear test is the second 
method referred to and illustrated in 
Figs. 3 and 4. 

Figure 3 shows the core barrel as- 
gmbly used to obtain samples of co- 
hesive soil for the transverse shear test. 
A sectional steel liner is inserted in the 
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adjacent 3-in. sections is transferred — 


from the brass cylinder to a supporting 
cylinder and saddle. The 1-in. section 
is aligned with the similar removable 
section of the supporting cylinder so that 
it may be subjected to a transverse force. 


The shearing displacement is 0001 in. 


by a dial gage reading to 0.001 in. 
mounted as shown in Fig. 4. 

The load is applied in increments of 
static load selected to approximate one 
fifth of the estimated yield value so as to 
provide some four or five observations 
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re barrel and may be easily removed 
ithout disturbing the core. The steel 
ner and core are inserted in a brass 
cylinder, the ends sealed with paraffin, 
and sent to the laboratory for test. The 
steel liner is divided into four sections 
onsisting of one 1-in. length and two 
djacent 3-in. lengths and one extra 
ength of 2.9 in. used for supplementary 


lests, 


3.—Core Barrel Assembly for Shear Test Samples of Cohesive Soil. 


In Fig. 4 is shown the assembly of 
pment for the transverse shear test. 
that portion of the steel liner and core 
nsisting of the 1-in. section and two 
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.O8psi. 
Time, min. Differences 
(a) (b) 
a Fic. 5.—Typical Results from Transverse Shear Test. 


below the point of progressive displace- 
ment. After each load increment the 
load is held constant for a period of 10 
min. and deformation readings taken 
every 2 min. during the time interval 
between load increments. Enough load 
increments are added to cause complete 
failure of the specimen in shear. 

In Fig. 5 is shown a typical set of test 
data from a shear test on a core sample 
of plastic clay. In Fig. 5(a) the shearing 
displacement for each increment is 
plotted against time showing the rate of 
displacement. The slope of these time 
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rate curves approaches a horizontal line 
for the lower loads which is taken as an 
indication that they are approaching 
zero rate of displacement. For higher 
loads the slopes increase, there being a 
definite change in behavior which may 
be located by plotting rates of displace- 
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line for the first few load increments ap- 
proaching elastic behavior. A marked 
increase in the rate of displacement js 
found for those load increments just 
preceding total failure and the straight 
line through these points is representa. 
tive of the plastic flow stage, the slope 
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Fic. 6.—Shear Test Results for the Detroit Sewage Disposal Plant. 


ment against shearing stress as shown in 
Fig. 5(0). 

The slopes of the time-rate curves are 
approximated by using the deformation 
for the last 7 min. of each 10-min. time 
interval as a measure of the slope. 
These differences plotted against the 
respective shearing stresses give one 
linear relationship shown by the steep 


being analogous to a coefficient of vis 
cosity. The intersection of these two 
straight lines is taken as the yield value 
and in the example shown is 1.65 psi. 
In tests of this nature a considerable 
variation may be expected between ind: 
vidual samples and the shearing resist 
ance of any given deposit should 
based on a sufficient number of samplé 
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to fairly represent the deposit as a 
whole. 

In Fig. 6 is shown the shearing resist- 
ance values obtained from samples taken 
at various depths in a clay deposit at the 
Detroit Sewage Disposal Plant. In this 
case three types of shearing resistance 
observations were made. The values 
obtained by the different methods are 
identified by symbol and include the 
penetration method, the transverse shear 
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found to be fairly reliable. In some 
cases the cores of soft clay were lost in 
retracting the core barrel and no trans- 
verse shear test could be conducted. 
The results as a whole give a fair 
representation of the experimental error 
involved in the shearing resistance meas- 
urements described. The results ob- 
tained from the use of these values in 
various design and construction prob- 
lems indicates that their accuracy is 


PUMPING PLANT CAISSON 
PARTLY COMPLETED 
WALL THICKNESS FEET 

AMETER ———— 113 
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4 TOE TO BE LANDED ON BEDROCK. 


CORE XCAVATED 
TO THIS ELEVATION. 


Fic. 7.—Schematic Diagram of the Sinking of Large Circular Caisson. 


t,and a horizontal shear test obtained 
observing the depth of penetration of 
e core barrel of the penetration ma- 
ne for the dead weight of the core 
barrel and driving mechanism. In this 
instance the clay was so soft at certain 
depths that very nearly full penetration 
of the core barrel took place under the 
dead weight and it was impossible to 
obtain a reliable record of the penetra- 
tion per blow. In these cases the longi- 
dinal shear measurement has been 


within the limits of accuracy in estimat- 
ing loads and controlling construction 
procedure. 


PRACTICAL APPLICATION OF SHEAR TEST 
RESULTS 


The shear tests previously described 
were made for the specific purpose of 
determining the procedure for sinking a 
99-ft. diameter circular caisson through 
the clay deposit to bearing on the under- 
lying bedrock. The depth of clay de- 
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posit was approximately 75 ft. and there 
was an overburden of approximately 10 
ft. of sand at the surface. The outside 
diameter of the caisson was 113 ft., the 
walls being 7 ft. in thickness. It was 
proposed to sink the caisson under its 
own weight, excavating the core on the 
inside as required to sink the caisson. 
In Fig. 7 is shown a schematic diagram 
of this operation. 
The procedure to be followed in sink- 
ing the caisson presented two distinct 
problems. In the first place, it was 
feared that the weight required to punch 
through the stiff top layers of clay would 
be too great for the soft underlying strata 
and that the caisson would sink below 
the surface before the next lift could be 
poured and have time to set. In the 
second place, there was the possibility 
fter the caisson had reached a certain 
lepth that the core excavation required 
to keep the caisson in motion would 
reate too large a differential between 
the inside and outside of the caisson and 
would cause inflow of the soft soil re- 
sulting in excessive upheaval inside and 
ibsidence outside. This had been the 
perience on a similar caisson sunk in 
Detroit several years before at which 
time considerable damage was done and 
the caisson very nearly got out of control. 
It was necessary to avoid either of 
these contingencies and at the same time 
the contractor wished to be able to add 
the successive lifts at the ground surface 
sections of about 10 ft. without build- 
ng form work more than approximately 
l) ft. above the ground. 
The solution of these problems de- 
ended primarily upon the computation 
soil resistance encountered by the 
isson in sinking and was based on the 
hearing resistance measurements shown 
Fig. 6. The methods used in com- 
iting the total soil resistance are shown 
n Fig. 8. Part (a) shows the shearing 
sistance curve averaging the results 
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obtained from the three methods of 
measurement. These results have been 
leveled to give a design shear curve 
averaging out the high and low values 
for comparatively thin clay strata. In 
part (6) the various factors of soil resist- 
ance are shown separately as well as 
being combined in a curve which gives 
the total resistance at each elevation. 

In part (c) are indicated the various 
factors of resistance which were con- 
sidered. The caisson wall is taken as a 
bearing area 7 ft. in width and may be 
treated as a two-dimensional problem 
for the diameter of caisson is large with 
respect to the wall thickness. The first 
factor considered is the developed pres- 
sure or resistance to lateral displacement 
equal to the maximum difference be- 
tween the principal pressures on two 
elements of mass. These elements are 
taken as cubes with a lateral dimension 
equal to the wall thickness and are then 
considered as the unit elements. In 
accordance with the criterion of failure 
for cohesive material this developed 
pressure is equal to four times the 
shearing resistance of the soil, S;, at the 
toe of the caisson. The next factor of 
resistance is the static head, wh, of the 
soil above the elevation of the toe. 
Inasmuch as core excavation is con- 
templated, the volume displacement will 
all be toward the inside and the static 
head will be measured to the top of the 
core. The third factor is the shearing 
resistance of the soil acting on the side 
walls and equal to the total shear for 
the entire depth of the clay layer down 
to the elevation of the toe. This total 
force is expressed as an equivalent 
pressure acting over the bearing area 
7 ft. wide. The value of shearing 
resistance used in computation of the 
side wall shear is the cumulative average, 
S2, for the given depth. 

The fourth and last factor of resistance 
which comes into play is the resistance 
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to upward displacement of the core. 
The resistance to upheaval has been 
evaluated for a vertical column of a 
width equal to the size of the unit 
element of mass or the wall thickness. 
The shearing resistance mobilized is the 
cumulative average shear, S2, equal to 
the side wall shear previously used. 
The total resistance is the summation 
of all four factors and is given by the 
following equation expressed as an 
equivalent pressure, p,, acting over the 
base of the wall: Oo 
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Ordinates of the total resistance curve 
were computed at each controlling 
_ ordinate of the shear diagram, assuming 
that the toe had penetrated to the given 
depth without any core excavation being 
required. The resistance curves have 
been plotted to two scales, the lower one 
being in pounds per square foot and the 
upper scale in height of concrete. The 
total resistance computed assuming no 
excavation indicates that the caisson 
could not sink of its own weight. This 
is shown in the diagram by the fact that 
the total resistance curve is at all eleva- 
tions considerably in excess of the 
straight line which shows the depth to 
the toe measured from the surface. 
The difference between total resistance 
curve and the depth to the toe represents 
the height of concrete above the ground 
elevation which would be required to 
sink the caisson to the given elevation. 
_ This height is considerably in excess of 
any feasible working limits at the 
surface. 

Actually, of course, it was anticipated 
that considerable excavation of the core 
would be required as is shown by the 
above comparison. For the purpose of 
this discussion the intervening steps in 
the problem of limiting the excavation 
to less than that critical depth at which 


Po = 451 + wh + 
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inflow would become impending will not 
be presented. Attention may be given 
only to the problem of resistance to sink. 
ing and a comparison between the actual 
behavior and that predicted from the 
shearing resistance measurements. The 
objective of this comparison is to dem- 
onstrate that the simple shear tests 
described which are independent of nor- 
mal pressure give a reliable measure of 
actual resistance available under prac- 
tical conditions. 
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Fic. 9.—Analysis of Sinking of Circular 
Caisson. 


This comparison is shown graphically 
in Fig. 9. 

The total resistance curve previously 
shown for the assumption of no excava- 
tion is again indicated. The net resist: 
ance available has also been computed 
using actual core elevations after the 
excavation for each lift that was poured. 
The actual behavior is indicated by 
plotting the applied toe pressure due to 
the weight of concrete at the elevation 
at which the caisson came to equilibrium 
after each lift had been poured. The 
comparison between actual and prt 
dicted behavior is remarkably good dows 
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9 approximate elevation 52 at which 
ime the total height of concrete had 
yen poured. At that point the com- 
sletion of the work required only exca- 
vation of the core which was carried on 
mntinuously. During this stage the 
sisson was kept in motion at a rate 
considerably in excess of that which 
would mobilize the yield value shearing 
resistance. In other words, the rate of 
shearing displacement was increased and 
iynamic resistance of an indeterminate 
amount was mobilized in accordance 
with the laws of plastic flow. 


CONCLUSION 


In the foregoing discussion the at- 
tempt has been made to formulate or 
rather emphasize simple but logical con- 
eptions of shearing resistance of co- 
hesive soils which would clarify the 
points at issue in the conflicting view- 
points on this extremely important sub- 
ject. It is significant that these con- 


ceptions are not at all new but are 
actually in entire accord with generally — 
accepted ideas of cohesion in other fields. 

True cohesion in accordance with the 
generally accepted definition and the 
treatment of cohesive soil as a continu-— 
ous medium, rather than two phases - 
acting independently, permits simplifica- 
tion of methods of measurement and the — 
practical application of shearing resist-— 
ance. To accept this viewpoint neces- 
sarily eliminates apparent cohesion and 
the surface tension device as a mecha- 
nism to describe cohesion. This choice 
must be made by the individual as there - 
appears to be no compromise between 
the two conceptions. Any attempt to 
retain them both will only prolong the 
period of uncertainty and confusion. 
The author has definitely made this 
choice and it is his firm belief that the. 
evidence available to support it is more — 
than sufficient. 
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THE EFFECTS OF 


The problem of shear testing has long 
been extremely perplexing in that widely 
different results could be obtained, 
depending upon such items as the testing 
procedure, size of specimens, density and 
moisture content of the soil, permeability 
of the soil, and many other variable 
factors. Development of a physically 
sound explanation of the causes of varia- 
tions in results has been given much 
consideration by Bureau of Reclamation 
engineers and has resulted in the concept 
that internal hydrostatic pressure or 
hydrostatic pressure in the pore water 
(hereafter called ‘‘pore pressure’) has 
an extremely important bearing upon the 
shearing strength of soils and that each 
of the factors mentioned above may 
cause variations in pore pressure and 
thus cause differences in the shearing 
resistance of the soil. 

In the spring of 1936, the Earth Ma- 
terials Laboratory and the Photoelastic 
Laboratory of the Bureau of Reclama- 
tion, started discussions on the problem 
of interpretation of shear-test data on 
soils as related to the design problem and 
also the explanation of the variations 
caused by different test-procedure and 
density-moisture conditions. A specu- 
lative explanation of the effects of 
entrapped air on pore pressure as related 
to test procedure and soil condition was 
evolved which led to the idea of ap- 
proaching the soil stability problem from 
this viewpoint. Laboratory studies and 


. Associate Engineer, Bureau of Reclamation, Denver, 
Colo. 


INTERNAL HYDROSTATIC PRESSURE ON THE 
SHEARING STRENGTH OF SOILS 
By L. W. 


HAMILTON! 

experiments were started to develop a 
better understanding of the concept oj 
pore pressure, with special emphasis 
upon its magnitude and effects. At the 
same time the Photoelastic Laboratory 
developed a mathematical procedure for 
the analysis of the problem. This 
analysis is dependent upon the deterni- 
nation of constants as well as verification 
of theory by the Earth Material 
Laboratory. 

The idea of pore pressure and its 
effects on stability is not new in siil 
mechanics. In fact, there are numerous 
references to the phenomenon that are 
almost as old as the science itself. The 
writings of Terzaghi make many refer. 
ences to the phenomenon,’ but detailei 
descriptions of the analysis, as well a 
supporting data, are rarely found. 

There are many serious mechanical 
and technical difficulties involved i 
attempting measurements of pore pres 
sures. At the present time, the data 
available are so limited that positive 
conclusions cannot be reached. How- 
ever, a frank discussion of the problems 
and a discussion of the concept of port 
pressure should be beneficial for a mor 
complete understanding of the shear 
test. The purpose of this paper is ' 
describe the effects of pore pressuft, 
point out the important possibilitie 
involved, present data and describe 


2 J. H.A. Brahtz, C. N. Zanger and J. R. Bruggem* 
“Notes on Analytic Soil Mechanics,” Technical Mew 
randum No. 592, Bureau of Reclamation. | , 

Charles Terzaghi, ‘Principles of Soil Mechanic. 
Engineering News-Record, Vol. 95, No. 26, p. 1029 (19 
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attempted methods to measure pore 
pressure, and suggest possible methods 
of study for determining the corrections 
involved. 
ConcEPT OF PORE PRESSURE AND ITS 
EFFECTS ON SHEARING STRENGTH 
OF SOILS 


To describe the concept of pore pres- 
wre and to show its effects on the 
hearing strength of soils, the following 
(actors are given consideration: 

1. The shearing strength of a soil 
epends largely upon the contact pres- 
sure between the soil grains because the 
rictional resistance is proportional to 
this contact pressure. 

2. The pressure in the pore water 
reduces the contact pressure between 
wil grains and consequently reduces the 
shearing strength of the soil. 

3. The loading of the soil specimen in 

¢ shear test produces a volume strain 

hich must be accompanied by either a 
corresponding extrusion of the fluid from 
the pores in the soil mass or a compres- 
ion of the fluid in the pores which 
produces pore pressure. Thus, if the 

il is of low permeability, compression 
i the fluid in the pores will probably 
result. 
4.It is practically impossible to 


specimen. If the specimen is analyzed 
twill be found that its volume is made 
ip of solid soil particles, water, and air. 
Within the normal range of loading used, 
th the soil particles and water are 
tactically incompressible, while the air 
compressible. Thus the volume 
inge tends to compress the air and 
faduces pore pressure even though the 
ds are not filled with water. The 
mpressible fluid (mixture of water and 

') In the pores may undergo a large or 
nail volume change to create significant 
essures, depending upon the quantity 
lr present; likewise, the extent of 
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drainage in dissipating pressure may be 
relatively large or small. This is an 
important phase of the concept because — 
the induced pore pressures are a function 
of both the volume change and the com- 
pressibility of the pore fluid. Since the 
rate of drainage is a function of the 
pressure head causing drainage, it is also 
a function of both the volume change 
and the compressibility of the pore fluid. 

The pore pressure can be neglected 
only when the volume strains are so con- 
trolled that under a small pressure head 
the fluid will flow from the specimen at 
the same rate as the volume change. 
This restriction imposed on the test pro- 
cedure for materials of extremely low 
permeability would increase the time re- 
quired for testing to such an extent 
that the time element would make the 
tests practically prohibitive; also the 
volume change and corresponding drain- 
age measurements necessary to control 
the tests within the restricted limits 
would require a degree of accuracy and a 
test procedure that would be difficult to 
obtain. Thus the results from shear 
tests that are uncontrolled may have 
little meaning except for comparative 
purposes. 

5. The laboratory test specimens are 
subjected to a stress condition that may 
be distorted from the stresses in the 
prototype. For example, the loading in| 
the structure may be gradually increased 
over a few months or a few years, while 
the laboratory specimen is loaded in a 
few minutes; also, the drainage of the 
soil in the structure may be resisted by a 
few feet or hundreds of feet of soil, while 
the drainage of the laboratory specimen 
is resisted only by a fraction of an inch, 
or, at most, by a few inches of soil. Such — 
distortions may give test results that are 
either above or below the real strength 
of the soil in the structure. If it were 
practical to duplicate in the laboratory 
all the possible critical stress conditions 
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on the material in question, the pore 
pressure consideration could be elimi- 
nated. 

In view of the restrictions and condi- 
tions as discussed under 4 and 5 above 
and of the concept of the effects of pore 
pressure, it seems that the laboratory 
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Fourth, to determine the coefficients 
of dissipation of the pore pressure jp. 
duced or created by percolating water 

Many engineers have recognized that 
the apparent stability of a soil depends 
upon numerous conditions, such as dep- 
sity or state of consolidation, moisture 
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“1G. 1.—Normal Load, Shear Relations. 


problem on shear should be divided into 
four parts: 

First, to isolate, if possible, the effects 
of pore pressure and determine the po- 
tential shearing resistance of the soil 
without pore pressure. 

Second, to determine the relationship 
between volume change under load and 
the magnitude of the induced pore 
pressure. 

Third, to determine the coefficients of 
dissipation of these induced pore pres- 
sures, that is, pore pressures induced by 
consolidation. 


content, the rate of loading, and espe 
cially the permeability. If the concept 
of pore pressure is speculatively applie! 
to the problem, it seems to give a logic 
explanation for the wide variations in the 
shearing strength of soils under differen! 
conditions and for the variations 0 
different soils. However, before the 
concept can be applied on an analytic 
basis, the following factors should bt 
known: first, the potential shearing t 
sistance of the soil without pore pressutt 
second, how much pore pressure 
formed; and third, at what rate the po" 
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ressure Will dissipate. These items are 
idieved to be related to the character of 
the soil and to its state of original con- 
ylidation. The state of original consoli- 
dation is related to the soil structure, 
density, moisture, air content, perme- 
bility, and the initial pore pressure. 
4] these items are so interrelated that 
ach must be considered in stability 
analyses if the concept of pore-pressure 
diects are valid. 


Test Resutts INDICATE 
PRESENCE OF PORE PRESSURE 


The concept of pore pressure and its 
possible importance was first conceived 
from observations made on the standard 
ype of direct shear tests. A brief de- 
gription of the reasoning used will help 

clarify the concept and be of general 

terest. 

One of the first indications of pore 
ressure was that direct shear test results 
n soils of medium low permeability did 

give a Straight-line relation between 
iormal load applied and the corre- 
wnding shearing strength. For ex- 
le, Fig. 1 shows the plotted data 
rom a test on a loam soil. From this 
gure it may be noted that the shearing 
ngth does not vary in direct propor- 
tothe applied normal load. For the 

er normal loads, the consolidation of 
oil mass was small. Consequently 
mpression of the fluid in the pores 

| be so small that the pore pressure 
should be ineffective in reducing the con- 

t pressure between the soil grains. 

the experimental curve has its 
lest slope in this lower range and is 
eved to approach the true coefficient 

‘friction for the soil without pore 

ressure. On the other hand, the higher 

mal loads created larger volume 
anges, thereby compressing the fluid 
the pores to such an extent that the 
€ pressure becomes large in propor- 

to the applied normal load. The 
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strength of a soil of comparatively low 
permeability. 
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facilities for drainage of the water from 
the above-described specimen were not 
particularly favorable for it was limited 
to the top and bottom edges of the speci- 
men; however, similar results have been 
observed where the drainage conditions 
were favorable. 

Another investigation which is_be- 
lieved to indicate the effects of pore 
pressure was a study to show the effects 
of placement moisture on the shearing 


The results of these tests 
are shown in Fig. 2. Specimens of this 
soil were compacted at moisture contents 
ranging from about 14 to 24 per cent by 
dry weight of soil. The original volume 
of soil, water, and air was computed 
using the dry weight of the soil obtained 
at the different moisture contents and 
the absolute densities of the soil and 


water. The data were then plotted 
as shown by the bottom curve on 
Fig. 3. Then using the measured vol- 


ume changes produced by the loads 
shown and superimposing those on the 
original air volume curve, the other 
curves shown on Fig. 3 were obtained. 
It may be noted on this figure that the 
three higher loads actually show that the 
compression exceeded the initial air vol- 
ume and a part of the water must have 
been squeezed from the specimen. Test 
observations indicated some appreciable 
drainage of the samples placed at about 
19 per cent moisture and considerable 
drainage on those placed at 23 to 24 per 
cent moisture. 

Next it was assumed that no drainage 
of air or water actually occurred from 
the above-described soil specimens, that 
Boyle’s law for compression of gases held 
for the original air volume, and that the 
air in the specimen as placed was at at- 
mospheric pressure. Based on these 
assumptions, the volume changes and 
original air contents shown on Fig. 3. 


were used to compute pore pressures. | 
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Fic. 2.—Effect of Moisture on Strength and Data for Internal Pressure Studies. 
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The results of the computations are 
plotted in Fig. 4. A comparison of 
Figs. 2 and 4 indicates that at the 
higher moistures the measured shearing 
srength, regardless of the normal load 
applied, was extremely low and that the 
theoretical pressures were extremely 
high. On the drier soil the shearing 
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In a third series of tests, an investiga- 
tion on the shearing strength of soils was 
made to show the effects of preconsolida- 
tion time and the rate of applying the 
shearing loads. These investigations 
were made on a very fine silty clay which 
had a particle size about 77 per cent, by 
weight, smaller than five uw, as deter- 


; strength shows a significant increase with mined by the hydrometer analysis. The 
* & thenormal load, and the theoretical pore _ results of these investigations are sum- 
SAMPLE xxQ-122 100-Fi. Fill Load 
Hydrostatic pressure computed by Boyle's law, \ \ 4 
- F assuming no loss of air or water from specimen Xe) 
35 as consolidation occurs. Curves show effects of | 
4 = placement moisture content for various fill loads. 
aid 
24 \ 
\ 
\ — 
S\ 
AS 
~ 6 
Wel XS. 
/ | 
54 
20 per cent Uplif t—; | 
0 
+ 
="; 0 
— ; 4 I5 16 17 18 19 20 2\ 22 23 24 
48 5 Per cent Moisture as Placed 
: 1 % Fic. 4.—Computed Internal Pressure and Data for Internal Pressure Studies. 
‘@ pressures were low. From this it may marized in Fig. 5. The thickness of all 
| reasoned that in the soil where the specimens was 1 in. and free drainage 
i re pressures were low, the normal load _ was permitted at the top and the bottom - 
effectively transmitted to the soil ofthespecimen. An inspection of Fig. 5 
rains and, consequently, the shearing will show that almost any strength can 
20 rength increased as the normal load be obtained, depending upon how the 
= increased. On the other hand, the 
2 


tsoil theoretically had high pore pres- 
which neutralized or partially 
tralized the applied normal loads 


| thereby resulted in low shearing 
trength, 


sure Studi 


soil is preconsolidated and how rapidly 
it is stressed in shear. These curves, it © 
is believed, merely show that the results 
are greatly affected by the time allowed 
for pore-pressure dissipation and that 
both the preconsolidation time and the 
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shearing rate must be controlled to re- 
_ duce the pore pressure effectively. 


ATTEMPTED MEASUREMENTS OF THE 
PoRE PRESSURES 
Pore pressures may be divided into 


three types: namely, induced pore pres- 


10000 


the shear tests and are of primary jp. 
terest, and it has been along this line 
that most of the measurements in the 
Bureau of Reclamation studies haye 
been concerned. 

Even before measurements were 
started, it was realized that the meas. 
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1G. 5. Relations of Maximum Shear Strength and Normal Load Showing Effect of Rate of She 


sure resulting from compression of a 
compressible fluid in the soil pores, 
transient percolation pressures which are 
the result of a lag in the flow of perco- 
lating water, and percolation pressures 
for a steady state of flow. The induced 
pore pressures are specifically related to 


uring device would have to measur 
pressure without any flow from the # 
mass if the pressures were to be exat! 
The device used requires a very sma. 
flow; therefore it was known that the 
pressure could be in error. A very sm 
flow from a point in a soil mass will dé 
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turb the equilibrium around it and thus 
the measured pressure is likely to be a 
function of the ability of the surrounding 
soil to give up enough water to supply 
the demand of the measuring apparatus. 
For this case, the measured pressures 
should be less than the true pressures. 
On the other hand, if the measuring de- 
vice actually forces water into the soil 
mass, it will tend to make the measured 
pressure at this point greater than those 
that would prevail without disturbance. 

The apparatus used could work in both 
_ the above-mentioned ways as the pres- 


Contact Indicator 


tact. If this apparatus is handled care. 
fully, the amount of deflection of the 
diaphragm is extremely small. 

The pressure-measuring device which 
is shown in detail in Fig. 6 is a modifica. 
tion of the Goldbeck cell. On the pres. 
sure side of the diaphragm a }-in, out. 
side-diameter copper tube with a 4-in, 
bore has been connected so as to forma 
sealed chamber covering the pressure 
face of the diaphragm. The end of the 
copper tube was perforated and the per. 
forations covered with a very fine screen, 
When the tube and the cell were as. 


Pressure Gage 


Vertical Load 


yo 
ib Hole, 


200Mesh* SUnion 


Pressure Tube 
YZZLA, Full Water from 

Diaphram to 

Screen Outlet 


Porous Stone” 
Consolidation Cylinder 


sure is indicated by the deflection of a 
flexible diaphragm which makes and 
breaks contact with a fixed contact point. 
The making and breaking of the contact 
is registered electrically by the use of an 
ammeter. The diaphragm is deflected 
by inserting air pressure on the contact 
side. The air pressure just necessary to 
break the contact is measured and is 
considered equal to the hydrostatic pres- 
sure on the opposite (pressure) side of 
the diaphragm. For the apparatus in 
use, a pressure differential of only } in. 
of water is necessary to break the con- 
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Fic. 7.—Diagram of Internal Pressure Measuring Apparatus. 9 7 


sembled, the chamber ont the tube were 
filled with water, using every precaution 
to eliminate entrapped air. The water 
filled pressure tube was then placed i0 
the soil, which was compacted aroun! 
the tube. The tube has a collar 1 in. 
diameter just back of the perforations 
prevent leakage along the walls of the 
tube. Figure 7 shows how the appar 
tus was set up. 

The soils were compacted to a thick 
ness of 3 in. in a container 8 in. in diam 
eter. The pressure tube was set so th! 
the openings would be at the center of 
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4 / of porous disks 
No. 29 21.3 100.4 6.5 59.2 34.3 
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69.1 3.9 52.5 43.6 
No 39 23.6 101.0 2.2 596 38.2 SKETCH OF CONSOLIDATING APPARATUS 


*All tests run with tin plate seal at top and 
bottom of sample except No. 39 where drainoge 
wos allowed by porous disks. _ 
Vertical load = 10,000 Ib.persq.ft. Depth sample = 3-in. 


= 160 ft. of water Area sample = 0.3494 sq ft. 
Laboratory soil sample No.XHH-98 


Fic. 8.—Effect of Placement Moisture on Internal Pressure for a Fine Clay. 
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Fic. 9.—Effect of Placement Moisture on Internal Pressure for a Loam. 
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hespecimen as to depth andarea. The Notice that on Figs. 8 and 9 certain 
gymple thus prepared was consolidated curves are marked “porous disks” and 
sith a load of 10,000 Ib. per sq. ft. others “ends sealed.”” The data for the 
equivalent to 160 ft. of water pressure) curves marked “‘porous disks” were deter- 
ind both the pore pressure and time- mined by using porous stones at both 
nsolidation measurements were taken. ends of the specimen, which allowed free 
The results of several tests on a tough drainage. The other tests marked “ends 
slloidal clay are shown in Fig. 8. The sealed’ were made by placing a thin, 


y were discouraging as they did not amount of pore pressure could be es- 
pear to fit the concept very well. The timated. They also were intended to 
e necessary to create the maximum __ give a measure of the rate of dissipation 
+ re pressure seemed to be far too long. of pore pressure. Actually, the results — 
lowever, if the clay surrounding the were not adequate because there were 
4 easuring point did not give up sufficient too many uncontrolled variables. How- 
‘ ter to supply the demand of the pres- ever, they do show that pore pressure is 


mechanical analysis of this soil shows impervious disk between the porous 

out 55 per cent smaller than 54 and stones and the soil surfaces. These 

] (per cent passing the No. 200 sieve. disks were about 4 in. smaller in diam- 

] fhe results of several tests on aloam soil eter than the metal cylinder; therefore 

: re shown in Fig. 9. The mechanical drainage was permitted on the circum- 

' lysis of this soil shows about 13 per ferential edges of the top and the bottom | 

+ t smaller than 5y and 62 per cent of the specimen. b 

7 sing the No. 200 sieve. The above-described tests were in- | 

4 \t first the results obtained on the _ tended to give basic data upon which the | 


rae 


= ure indicator, some time would be re- present, may be of considerable magni- 

my uired to supply this demand. This tude, and may dissipate very slowly. ; 
ba masoning may explain the apparent lag The tests were a partial substantiation of 

‘a the pressure formation. the concept of pore pressure and were of © 

a lests of a similar nature on a loam some value because trends observed were 

i vere more gratifying in that the believed to be in the right direction. — 

ie isured pore pressures behaved more’ Furthermore, they lead to another 


Uy ng expected lines. Under different method of approach to the problem, — 

st conditions the measured pore pres- which will be described later. 

7180 res ranged from about 9 to 93 per In addition to studying the nature of 
of the applied consolidating load. induced pore pressures, a small amount — 

og Vhether or not the measured pressures of work has been done on the dissipation — 


re identical to the true pore pressures rate of transient percolation pore pres- 
small importance if proof of the sures. The specimen was compacted in 
ty of pore-pressure formation is all the 8-in. diameter percolation cylinder 
s desired. On the other hand, if in the same manner as for a standard 
i ‘al laws are to be formulated from percolation test. The sample had a> 


ans tests, the data are inadequate. It compacted thickness of 3 in., with a 

ty probable that the pressure tube _ 1-in. porous stone at the top and bottom. 
- extract a small quantity of water The bottom porous stone and immediate ~ 


the immediate vicinity of the meas- chamber was carefully filled with water 

§ points and thus the measured to eliminate all entrapped air in so far 

‘sures should be less than the actual as practical. On one side of this bottom 

pressures without any disturbance. chamber a connection was made to a 
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standpipe or water supply, and at the 
bottom of the chamber one of the modi- 
fied Goldbeck cells was inserted so that 
the pressure of the water in this chamber 
could be determined. The standpipe 
was filled with water and a standard 
percolation test run. After the water 
flowed through the specimen for several 
days and the amount of flow became con- 
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As previously stated, there are many 
difficulties involved in making measur. 
ments of pore pressure. The first diff. 
culty is to develop a pressure indicator 
that requires no flow or to develop a te 
procedure that will properly evaluate 
the results even though small flow does 
occur. The second difficulty is to meas. 
ure or control the fluid outflow from the 


stant, the incoming water supply was specimen. The third difficulty is ty 
0 20 — 
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508 16 ‘a 
61.2 14} ++ 
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Fic. 10.—Pressure Lag Curves. 


shut off and the time-pressure readings 
in the bottom water chamber were con- 
tinued.. The results of one such test are 
plotted in Fig. 10. 

From Fig. 10 it may be noted that the 
lag in pressure is significant. After 4 
hr., about 70 per cent of the original 
pressure remained, and at the end of 24 
hr., about one-third of the original pres- 
sure remained even though the dissipa- 
tion distance was only 3 in. 


2 5 = 


develop measuring equipment as well 4 
test procedure that will accurately deter- 
mine the volume of solids, water, aif, 
volume of the total specimen, and vol: 
ume change of the specimen under load 


TRIAXIAL SHEAR MACHINE 


The triaxial shear machine can be # 
designed and operated that the measur 
ment of many of the previously mer 
tioned variables can be eliminated or #! 
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jast controlled with a fair degree of 
jcuracy. The volume change of the 
secimen under different loading condi- 
ions may be observed. The applied 
ads can be measured and maintained 
onstant at any desired condition. The 
wading can be applied in increments, at a 
onstant rate of stress change, or at a 
constant rate of strain. The stress sys- 
tem produced is one which may be 
inalyzed by known principles of applied 
mechanics. The drainage of the speci- 
men may be accurately controlled, or the 
secimen may be absolutely sealed, 
which eliminates the variable of drainage 
and thus affords a type of approach 
yhich the author believes will be of con- 
siderable influence on the solution of the 
problem of shear. The idea proposed is 
to limit or control drainage so that the 
pore pressures can be determined and 
corrections made for the induced pore 
pressures. 

The sealed specimen affords an oppor- 
tunity to use the previously described 
pressure tube and apparatus with a 
utisfactory degree of accuracy, because 
the extraction of a small quantity of 
water from a large soil mass will not alter 
the pressure condition of the whole mass 
even though it may greatly change the 
pressure conditions at a point. Accurate 
pressure measurements may be obtained 
by holding the applied stress condition 
constant for a sufficient length of time 
toallow the small disturbance created at 
the measuring point to become neutral- 
wed. To insure that the pressure is 
equalized, the measurements should be 
continued until they show that constant 
pressure prevails. Such tests can be re- 
peated at different stresses or volume 
change conditions until a relation is es- 
tablished between the volume change 
and the induced pore pressure. Then if 
the volume change is measured on the 
sealed triaxial specimen, the pore-pres- 
sure correction may be evaluated. Con- 
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siderable theoretical speculation has 

been made regarding a method to com- 

pute the induced pore pressures for these | 
sealed specimens. The first considera- 
tion was, as previously stated, that the 
entrapped air in the soil mass behaves 
according to Boyle’s law for compres- 
sibility of gases. The formula may be 
written as follows: 


where: 
P, = initial pore pressure, absolute, 
P’ = pore pressure (absolute), after 
volume change, c, 
Va, = initial air volume at P, pres- 
sure, and 
Va, = compressed volume of air = 
(Va, c). 
Rewriting Eq. 1 or: 
p= 
Va, 


Now, if the external pressure P, is 
atmospheric, the effective internal or 
pore pressure should be reduced by P,. 
Then Eq. 2 becomes 


Va, 


) — Px .(3) 
where P, equals effective pore pressure. 
Now, if the initial pore pressure P, is 
equal to P,, Eq. 3 becomes 


The weight of the gas undergoing com- 
pression must be a constant if Boyle’s 
law is applied. The weight of the gas 
molecules in a sealed specimen does re- 
main constant; however, it is well known 
that water will dissolve air and that the 
amount of air dissolved is a function of 
the pressure. Therefore, there is some 
question as to whether the weight of the 
gas undergoing compression will re- 
main constant. Regarding the ability 
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of water to dissolve air, the following per cent of its own volume of air,,.. § pemai 
statements are taken from A.H.Gibson’s At a given temperature, the volume of 9 creas 
“Hydraulics and Its Applications’’*: “At gas absorbed is sensibly independent of § But : 
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Fic. 11,—Internal Hydrostatic Pressure Measurements Compared with Theoretical Consideration pro 
sho 
ordinary temperatures and pressures, the pressure, so that the weight absorbes 
water is capable of dissolving about 2 is proportional to the pressure.” Fro” we 
these statements we conclude that the yo) 
4 Fourth edition, the Whitefriars Press, Ltd., London at 
England (1930). ‘eis ’ weight of free air in a specimen does n? 
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remain constant with compression or in- 
rased pressure in the entrapped air. 
But since the weight of gas going into 
ylution is directly proportional to the 
pressure, we May apply Boyle’s law if we 
include the weight of the gas dissolved in 
the water along with the weight of gas 
ntrapped in the specimen. Now let us 
sume that the value of Va, includes 
nly the entrapped or free air in the 
secimen. Then the actual air volume 
ill be, 


Vao+ 


capacity of the water to dis- 
solve air, and 

volume of water available to 
dissolve the air. 


Now replace Va, by Va. + bV, in Eqs. 
jand 4 and we obtain 


=P + 


— P,..(6) 


In this connection it should be pointed 
out that the only fundamental difference 
between Eqs. 3 and 6, and 4 and 7 is in 
the computation of the initial air volume. 
[he second consideration is necessary to 
explain why Boyle’s law presumably can 
be applied even though a part of the en- 
trapped air may be driven into the 
water. 

The above speculation must, of course, 
be substantiated by actual observations, 
and several observations have been made 
which are somewhat gratifying, although 
they are far from adequate for positive 
proof of the speculation. Figure 11 
shows the results from some 17 different 
lests on one soil, for which pore pressures 
were determined for several different 
volume change conditions, giving a total 
of 47 test points. The measured pres- 


sures are plotted in relation to both the 
speculations discussed above. It is ob- 
vious that the speculation which includes © 
the effect of air solubility in water more 
nearly agrees with the measured pres-_ 
sures. It is also obvious from this figure 
that the test data are far too widely dis- 
persed for a definite conclusion to be 
drawn. In addition to the limited 
degree of accuracy possible for the meas- 
urement of the original air volume, water 
volume, and the consolidation of the en- 
tire specimen, there is also the possibility 
that the initial pressure of the entrapped 
air was greater than atmospheric, and 
therefore the induced pressures should be 
increased as indicated by Eq. 3 or Eq. 6. 
The effect of the initial pressure of the 
entrapped air is shown in Fig. 11. For 
example, the initial effective pressure 
was assumed as 4 psi. and the theoretical 
pressures were computed and plotted as 
a dotted line. A second possible reason 
for the increase in the induced (or meas- 
ured) pressure is that sufficient time may 
not have been allowed for the air to 
dissolve in the water; thus the pressure 
could be practically any value between 
those shown by Eqs. 3 and 6. This 
range of difference may be large or small, 
depending upon the ratio of air and 
water in the sealed container. To show 
the effects of different air and water 
ratios and also the effect of the water 
dissolving a part of the entrapped air as 
the pressure is increased, the solutions of 
Eqs. 3 and 6 are summarized graphically 
in Fig. 12. In this figure, the effective 
internal pressure is plotted against the 
ratio of the original entrapped air volume 
to the compressed air volume. From 
this figure it is obvious that the capacity 
of the water to dissolve air, as well as its 
efficiency in dissolving the air, is an im- 
portant function of the induced pressure. 
In view of the many sources of error 
possible, these tests, in the author’s 
opinion, give a fair substantiation to the 
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concept that the pore pressure may be triaxial shear machine can then be rr. 

evaluated by computations. However, leased for shear testing only. i 

much more work will be required to The results of triaxial shear tests made 

study possible sources of error. on sealed specimens have been corrected 
The above-described tests were all by deducting the computed pore pressure J 

made with the triaxial shear machine from both the major and minor principal A 
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EQUATION FOR COMPUTATION 
OF INTERNAL PRESSURE 
Where: Pe = Effective internal pressure 
Pa = Initial pore pressure (absolute) 
Initial volume of free air 
Wv= Volume of water 
b = Copacity of woter to 
dissove oir (assumed 
2% for this chart) 
c =Compression or volume 
change 


Shearing Stress, f 


0 
0 
Effective Internal Pressure in Atmospheres, Pe 


Fic. 12.—Theoretical Considerations Showing the Effect of Air Solubility in Wat 


er on the Intern 
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without me compressive load stresses. The pore pressure was 
other than the water pressure in the puted from the initial and compr 

pressure chamber. At the present time air volume using the method indicated 
a simpler device is being planned which by Eq. 4. These corrected results ap 
will be simply a sealed chamber with a pear quite favorable in that the sam Fic 
volume change gage attached. The material, placed at widely differest 
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0 | 
Sample 3 RX- 43 
33 "x 9"- Sealed 
80 
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60 
Z 
5 
4 
40 | 
moisture, | TANGENT,| COHESION, 
veore 
| NOS.106,107,108 a _oO 92.5 0.72 3.0 
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|NOS. 86,83,56 82 122.8 0.62 85 
NOS. 90,867,868 95 126.4 0.50 15.0 
| No correction for internal pressure 
60 80 100 120 140 160 
a Normal Stress, psi. 
Fic, 13.—Summary of Limiting Shearing Strength for Various Initial Moisture Contents. 
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| Corrected for internal pressure by Boyle's Law 
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Normal Stress, psi. 


Fic, 14.—Summary of Limiting Shearing Strength for Various Moisture, Corrected for Internal 
Pressures. 
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| | 0 T T T 
PLACEMENT 
MOISTURE, TANGENT, | COHESION, 
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densities and moistures, give practically 
the same coefficient of friction regardless 
{ the placement density or moisture. 
On the other hand, the uncorrected re- 
sits take on the appearance of those 
that may be obtained with the direct 
shear machine when soils are tested at 
diferent densities, moistures, and rates 
of loading. Figure 13 shows the un- 
corrected limiting shear curves as deter- 
mined by the envelope of the Mohr’s 
stress circles for a series of tests made at 
different densities and moistures. Each 
of the curves was determined by at least 
three tests. Figure 14 shows the same 
lata corrected for the computed pore 
pressures. The tan @ for the uncor- 
rected data varies from 0.50 up to 0.72, 
while the corrected tan @ varies from 
(,68 up to 0.74. Figure 15 shows the 
incorrected data for a series of tests on 
the same soil for which the moisture con- 
tent by dry weight of soil was held 
constant and the density varied from as 
low as 85 lb. per cu. ft. up to 124 lb. per 
cu. ft. Figure 16 shows this same data 
corrected by the computed pore pressure. 
The tan ¢ for the uncorrected data varies 
from 0.45 up to 0.64, while the corrected 
tan @ varies from 0.68 to 0.72. These 
tests were made on a slightly cohesive 
sandy loam that had about 14 per cent, 
by weight, smaller than 5. The direct 
shear test on the same material, using 
a free-draining sample of 1 in. thickness, 
gave an indicated tan @ of 0.71. These 
results, in the author’s opinion, give a 
substantiation of the concept of pore- 
pressure effects, as well as a gratifying 
degree of substantiation to the specula- 
tion that pore pressure can be evaluated 
lor the sealed specimens. 

_ Whether this procedure can be carried 
forward to include real clays or ma- 
terials of extremely low permeability is a 
iuestion which is worthy of concentrated 
esearch. ‘The soil used in the investiga- 
tion on the sealed specimens described in 
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this report was relatively permeable and 
should have transmitted pressure rather 
rapidly; therefore, it is believed that the 
possibility of concentrations of higher 
pore pressures along the zones of highest 
shearing stress did not occur. On the 
other hand, possible concentration of 
pore pressures will undoubtedly be a 
serious problem for clays. Such speci- 
mens may have to be stressed in shear 
very slowly to allow distribution of the 
possible concentrations of pore pressure. 

For the purpose of further discussion, 
let it be assumed that the limiting coeffi- 
cient of friction for a soil without pore 
pressure is known and that it is constant 
regardless of density and moisture condi- 
tions. Even with these assumptions, 
the problem of stability could be only 
partially solved because the pore pressure 
present may reduce the contact pressures 
to such an extent that the shearing 
strength could be practically any value 


between zero and the upper limiting 


value. In view of the partial substan- 
tiation of the speculation that the in- 
duced pore pressures can be computed, 
let us further assume that we do know 
the limiting value of the pore pressure. 
The problem is still far from an ultimate 
solution as far as the actual design of a 
structure is concerned, because during 
construction there will undoubtedly be 
some dissipation of the induced pore 
pressures. The problem of determining 
coefficients of pore-pressure dissipation 
is, in the author’s opinion, one of the 
most difficult of all. It may be that the 
much-used time-consolidation test can 
be combined with a measured time rate 
of drainage of both water and air for a 
solution of the problem. The time- 
consolidation test alone is at least a good 
indicator of this property. 

In lieu of being able to predict the pore 
pressure under actual construction con- 
ditions, hydrostatic pressure indicators 
may be installed at numerous points in 


160 
| 
Jensity. 
law 
160 
Density 


the structure which can be read as con- 


struction or external stress conditions 
change. From these readings, danger- 
ous conditions may be predicted and 


corrective measures applied. The Bu- 


-reau of Reclamation has for some time 


installed hydrostatic-pressure indicators 
in the completed earth dams and has 


recently started to install hydrostatic- 
_ pressure indicators in the embankment 
_ and foundation of earth dams as they 
are constructed. 


CONCLUSIONS 
The shearing strength of a soil involves 
at least three fundamental factors: 


namely, the frictional resistance pro- 


duced by contact pressure between the 


soil grains, the effective pore pressure 


present to neutralize a part of the ex- 
ternal load, and the capacity of the soil 
to eliminate the pore pressure. There 
may be other items, such as moisture 
films, chemical composition, etc., to be 


considered, but a complete understand- 


ing of the pore pressure and its effects 


_ will go a long way toward clarification of 


the problem of shear. A study of these 
fundamentals is very difficult and may 
require years of development, but, in 
view of the ultimate achievement, it is 
believed well worth while. 

Definite conclusions cannot be drawn 
from the meager data described in this 
report, but the data have been inter- 
preted as being sufficiently favorable to 
formulate the following opinions: 

1. The induced pore pressures may be 
predicted if sealed specimens are tested 


_ and sufficient care is used in determining 


the original volume of the specimen, the 
change in volume with applied loading, 
and the original soil, air, and water 
volumes. 

2. The triaxial shear test results may 
be corrected for the induced pore pres- 
sures and the limiting shearing strength 
without pore pressure predicted. 
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3. The limiting shearing strength may 
be realized only in part under actual con. 
ditions in the structure, depending upon 
the consolidation or limiting induced 
pore pressures, the capacity of the soil 
to dissipate these pore pressures, the rate 
of loading, the distance through which 
dissipation must occur, etc. Likewise, 
variations in test procedure on materials 
of low permeability for specimens that 
are permitted to drain may give widely 
different shearing strengths. The shear- 
ing strength determined by tests that are 
subjected to the distortions of loading 
and drainage as compared to the actual 
structure may give results that are far 
misplaced from the strength of a soil in 
the structure. The real problem in a 
shear test is the procedure of controlling 
the test so that the specimen can be com- 
pletely analyzed and the data evaluated. 

4. The idea of a compressible fluid 
(mixture of water and air) in the soil 
pores is a pertinent part of the concept 
of pore pressure because the amount of 
drainage necessary to dissipate the pore 
pressure may be considerable. It is the 
author’s contention as well as experience 
that a compacted soil specimen cannot 
be completely saturated by any reason- 
able procedure. It is also the author's 
experience that even undisturbed sam- 
ples taken below ground water level 
contain air. 

5. The nature of the soil to consolidate 
as it is loaded is an important function 
of its stability, especially if the perme- 
ability is low, because consolidation 
tends to produce pore pressures. A soil 
that consolidates slowly does so princi 
pally because the induced pressures 
dissipate slowly; thus, such materials are 
generally of low stability because of ex 
cess pore pressure. Materials that are 
preconsolidated before loading to such an 
extent that the loading produces little 
or no volume change are, in general 
stable because the small volume change 
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induces small pore pressures. On the 
other hand, very permeable soils may 
consolidate a large amount and remain 
stable at all times because the pore pres- 
sures are rapidly dissipated. Thus the 
loading is transmitted as contact pres- 
sure throughout the soil structure. 

6. Before the above opinions can be 
substantiated and applied on a scientific 
basis, considerable research will be 
necessary. 
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charge of the earth materials labora- 
tory. 
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DISCUSSION 


Mr. GREGORY P. TSCHEBOTAREFF.’- 

I have noted that all the papers on the 
triaxial test refer exclusively to granular 
materials. I should be interested to 
know whether any of the authors have 
conducted tests on cohesive soils. 

Mr. Joun D. Watson.?—I have run 
one series of triaxial compression tests 
on a silt. This material was only 
slightly cohesive. The results of these 
tests were given in a report which I sub- 
mitted to the U. S. Engineer Office at 
Providence, R. I. last year. At the 


present time a considerable number of 


triaxial compression tests are being made 
on various clays in the Soil Mechanics 
Laboratory of Harvard University. 
These tests are necessarily slow because 
of the long period of time which is re- 
quired for the accomplishment of com- 
plete consolidation between each 
increment of load. It will, therefore, 
be some time before any results of these 
tests will be available for publication. 

Mr. S. Housev.*—I should 


1 Assistant Professor of Civil Engineering, Princeton 
University, Princeton, N.J. 

2 Research Fellow in Soil Mechanics, Graduate Schoo! 
of Engineering, Harvard University, Cambridge, Mass. 

3 Associate Professor of Civil Engineering, University 
of Michigan; Research Consultant, Michigan State High- 
way Dept., Ann Arbor, Mich. 


like to ask Mr. Taylor a question jp 
connection with his comparison between 
the direct shear test and the stabilometer 
test. Mr. Taylor at one point said 
that the results of the direct shear test 
were so erratic that he was not going to 
present them, but did show some com- 
parisons in the tables between the direct 
shear test and the stabilometer test. 
I was confused as to which ones were 
presented and which were not. 

Mr. DONALD W. TAytor.*—None of 
the results obtained by the direct shear 
method was erratic. The only mention 
of erratic results was in reference to 
ultimate values by the cylindrical (or 
stabilometer) method. After passing 
the peak point in this type of test, the 
strains do not remain uniform through- 
out the sample and results are no longer 
dependable. Mr. Watson made a state- 
ment to the same effect. We frequently 
show the latter stages of the curve by 
dotted lines (for example Fig. 5() of my 
paper)°® to indicate this. 


4 Assistant Professor of Soil Mechanics, Department of 
Civil and Sanitary Engineering, Massachusetts Institute 
of Technology, Cambridge, Mass. 

5 See p. 1062. 
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Soil stabilization with emulsified asphalt has come into extensive use during 
the past five years. The usual tests for soil constants cannot be made on 
stabilized soils. Test methods by which the efficiency of stabilization could 
be measured were necessary. The development of such methods is described, 
and their use and interpretation explained. 

Two of these test methods, the absorption test and the test for stability 
after absorption, are now in general use and have been recommended for 
publication as tentative by Subcommittee V on Methods of Testing for 
Stabilized Soils of the Society’s Committee D-18 on Soils for Engineering 
Purposes.” A punching shear test is also described which, it is believed, may 
bring out additional information of value. 

The test methods described are used to show relative efficiency of different 
types of emulsified asphalt as stabilizers, as well as to determine quantities 
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DEVELOPMENT OF TEST METHODS 


Soil stabilization with emulsified as- 
phalt first came into general use in 1934. 
Prior to that time, several experimental 
projects had been constructed in which 
earthy materials were mixed with emul- 
sified asphalt and produced durable 
bases having surprisingly satisfactory 
load-bearing properties. One of the 
largest of these projects, at the Glenn 
Martin Airport, in Baltimore, con- 
structed in 1930, is still in use and giving 
splendid service. 

Prior to 1934, no test methods were 

available by which probable success 

t failure could be forecast, or by which 
the required percentage of emulsified 
asphalt, or the relative efficiency of 
different emulsified asphalts could be 
predetermined. The success of the early 


- Director of Engineering and Research, American Bit- 


projects was, therefore, merely good 
luck. As a result of research studies 
during 1932 to 1934, it became appar- 
ent that each soil stabilized differently 
and that the amount of emulsified 
asphalt required for different soils varied 
widely. It also became apparent that 
the effectiveness of stabilization varied 
with the consistency of the asphalt used 
in making the emulsion, and that even 
with the same asphalt, different types 
of emulsion varied widely in efficiency. 

It was obvious that test methods were 
needed which would measure the ef- 
fectiveness of stabilization, properly 
evaluating each variable, and thus 
making possible the design of economical 
stabilized base mixtures, with assurance 
that the base so constructed would give 
satisfactory service. 

The conventional tests for soil con- 
stants proved unsatisfactory, as they 


1123 


RESEARCH IN SOIL STABILIZATION WITH EMULSIFIED ASPHALT i 
i 
| 


WATER LEVEL TO BE 
il ote BELOW CLOTH 


Fic. 1.—Absorption Test Apparatus. 
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assume the use of natural soil which 
is readily water-wetted. In this process 
of stabilization, each soil particle is 
provided with a water-repellent non- 
absorptive asphaltic film. 

The first test for determining effi- 
ciency of stabilization was an absorption 
test made by submerging stabilized 
samples in water for various periods of 
time. Submersion was not found to be 
satisfactory because: stabilized fine clay 
soils with minute pores absorbed water 
more slowly than did gravelly soils or 
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quarry soils or quarry fines—soil mix- 
tures which had larger pores. The sub- 
mersion test, in which the pores (or 
“voids’”’) were filled under hydrostatic 
pressure, tended to show fine clayey 
soils to be superior to naturally stable 
granular material, and this was obvi- 
ously incorrect. 

The next test consisted of molding 
2 by 4in. cylinders of unstabilized 
and stabilized soil, and placing them 
in shallow pans with the lower 3 in. 
submerged in water. The 4-in. height 
of specimen was selected because this 
is the minimum thickness of a stabi- 


lized base and also because it permitted 
a study of the movement of capillary 
moisture in the specimen. Relative 
softening of stabilized and unstabilized 
specimens was determined by loading 
with the specimens in the bath and 
observing the time before they co. 
lapsed. This method was described by 
the author in December, 19352 The 
application of the test methods described 
in the present paper were also there 
explained, apparatus described, and 
specification requirements discussed at 


length. Allowable space does not per- 
mit of repetition here. 


THE PRESENT ABSORPTION TEST 


The next development in absorption 
apparatus was intended to simulate 
closely as possible exposure on a sat: 
rated, undrained subgrade in which tht 
underside of the base is continuously it 
contact with a film of water. At first 
a pan was filled with clay and the clay 
kept continuously saturated. The 
by 4-in. stabilized and unstabilize 

*C. L. McKesson, “Soil Stabilization with Emulsie! 


Asphalt,” Proceedings, Highway Research Board, Dec 
ber, 1935, p. 365 
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cylinders were molded and compacted, 
dried to a constant weight at 140 F., 
and then placed on an absorbent paper 
cover on the clay. It was found dif- 
fcult to keep the clay uniformly satu- 
rated and the pan was next filled by 
placing a layer of sand, a cloth mem- 
brane, a layer of diatomaceous earth, 
and a final cover of an absorbent blot- 
tingpaper. A syphon feed was provided 
to maintain the water level at the 
underside of the blotting paper. 

In 1934, it was discovered that eva- 
poration from the sides and top of the 2 


standard Ottawa sand, graded to a 
maximum voidage, was substituted and 
used for the full 1-in. depth. The next, 
and last, change was to substitute heavy 
cotton-flannel cloth for the blotter as 
a cover for the sand. This was done 
because it was discovered that blotters 
frequently have a high water-soluble 
mineral salt content, and this affected 
the rate of absorption and stability of the 
specimen. The present absorption test 
apparatus is shown in Fig. 1. Parallel 
tests are always run on stabilized and on 
unstabilized specimens. 


TABLE I.—RATE OF ABSORPTION WITH TYPICAL SOILS, PER CENT? 


Same Emulsion, Various Soils 


Uniform Percentage of Differ- 


Unstabilized 


ent Emulsions with Varying 


Stabilized Efficiency in Soil No. 3 


Absorption, 
No. Soil No. 

Black Sand 
Clay 


| 
WW | 


.'Soil No.|Soil No. Soil No. soil No. 


| 


4— 
Yellow | 
Clay Clay 


Emulsion |Emulsion |Emulsion 
(a) (b) 


ovens 


* Absorption based on dry weight of soil. 


Present specifications limit the allowable absorption of treated specimens to 12 per cent of the untreated absorption, 
us 4 percent. The tests thus indicated are below present requirements. 


by 4-in. specimens tended to reduce the 
ultimate absorption of stabilized speci- 
mens, due to continuous evaporation 
losses. The absorption pan was, there- 
lore, placed in a cabinet and, in addition, 
each specimen wrapped on the sides 
and top with rubber, cellophane, or 
loll, to prevent evaporation and to 
approximate an extreme service condi- 
tion in which the stabilized mass is 
resting on a sub-grade covered with free 
water, surrounded by water-impervious 
material and covered with a waterproof 
surface. 

It was found that the layer of diato- 
maceous earth was unnecessary, and 


Period of Absorption: 


At first, the specimens were allowed 
to remain on the absorption pad for 
varying periods up to 90 days, but it 
presently developed that the results in 
7 days indicated with certainty whether 
stabilization was effective, and obviously 
the shortest time which will give reliable 
results is desirable. 

Table I shows absorption tests of 
various duration up to 91 days on four 
typical soils. In this table it will be 
observed that unstabilized samples 
almost complete their absorption in 
24 hr. < case is there any 


4125 
0.45 0.37 0.88 
16.2 | 35.0 0.76 0.59 2.44 
1.00 0.81 3.40 
1.54 1.14 6.29 
1.90 1.75 8.20 
8.7 2.19 1.99 9.97 
2.29 2.13 | 10.59 
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significant gain after 7 days. Stabilized 
specimens usually absorb about one- 
third as much in 7 days as in 90 days. 
This gain is based on the dry weight of 
the entire specimen. However, it is ‘the 
bottom 4-in. stratum of the 2 by 4-in. 
specimen which is later tested for 
stability, and it is, therefore, the critical 

rtion of the specimen. This bottom 
stratum usually absorbs in 7 days ap- 
proximately its ultimate water content 
and as much as it will ever take up in 
the field. 

It will be observed in Tables I and 
II that the percentage of water absorbed 


TABLE III. 
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Applied to the four soils in Table I, 
this gives a maximum allowable moisture 
content in stabilized specimens for the 


four soils, as follows: 
Maximum Allowable 
Moisture Conient After 


Soil (See Table I) 7 Days Absorption, per cent 
No. 1—Sand clay 
. 2—Black clay 
. 3—Yellow sand clay 
. 4—Black clay 


It will be found, upon comparing the 
above tabulation with Table I, that 
results obtained on two of the samples 
would not be considered satisfactory 
under generally prevailing specifica- 


COMPARISON TEST RESULTS OF PRECONSTRUCTION TESTS AND TESTS AFTER 


COMPLETION. 


Preconstruction Tests* 


Number 
of 
Projects 


7-day Absorp- 


Location tion, per cent 


Un- peated | 
Treated 
N.T. 

10.2 
13.65 
10.18 
N.T. 
15.64 
11.54 | 


New England 


Mid-Southern 
South Atlantic 


*N.T. = No tests made. 

’ Bottom 14 in. 
Surface cold mixed asphaltic concrete. 
res where surface is 1 in. or more in thickness. 


in7 days in properly stabilized speci- 
mens is between 10 and 15 per cent of 
the percentage of water absorbed by 


unstabilized specimens in the same 
period. 


Allowable Percentage of Absorption: 


Based on thousands of laboratory 
tests and continuous performance studies 
in the field, specifications were prepared 
and are now in general use, limiting the 
maximum allowable moisture content 
in stabilized specimens after the 7-day 
absorption test to 12 per cent of the 
moisture in an untreated specimen at 
i days, plus 3 per cent. 


Un- 
treatec 


Project Samples 


Stability after | 
7-Day Absorp- 


Average Stability 
tion, 


Field with Condition 

Moisture, Field of 

Content, Mois- Projects 
per cent | ture, Ib.” 


Age 
when 


i Treated | 


N.T. 
6725 
8120 
6310 
N.T. 
2000 
3250 


| | Good 
25 860 Good 
22 800 | Good 
24 400 Good 
| 31 000 Good 
18 750 Good 

7 140 No _ base 

| failures® 


114 per cent surface failures where surface averaged %%-in. thickness. No 


tions. Results of tests on 20 typical 
soils are shown in Table II. Here, also, 
it is noted that some of the tests, as 
indicated are outside the allowable 
specification limits. Of these, tests on 
soils Nos. 3, 6, and 12 are only slightly 
higher than the allowable maximum 
absorption, and these soils also make a 
fair showing in the stability test, here- 
inafter described. 

In Table II, moisture content is also 
shown for the lower three 3-in. strata 
of each stabilized unstabilized 
specimen. 

In 1938 a nation-wide survey was 
made of emulsified asphalt stabilized 


3 
1 
2 
3 
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projects one to four years old, most of 
which were designed on data obtained 
from the test methods herein discussed. 
The field moisture content was de- 
termined and also the stability of samples 
with field moisture content present at 
the time of test. The results on a 
number of typical projects are shown in 
Table III. In this table it will be found 
that the preconstruction tests indicated 
efficient stabilization and that the field 
moisture was in general similar to the 
moisture content of the bottom }-in. 
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compacted. In construction, this com. 
paction is obtained with  sheeps-foot 
and rubber-tired rollers, with the 
moisture content at or about the 
optimum for maximum compaction, 
In preparing test specimens, compaction 
is obtained by recompressing after 


molding and partial drying, under , 
total load of 3000 Ib. 


Dehydration: 


Soil stabilization with emulsified as- 
phalt assumes that the asphalt present 


TABLE IV.—THE EFFECT OF DRYING AND MOISTURE CONTENT ON STABILITY. 
San Francisco Clay Soil. 


Stabilizer, 


Description per cent 


Water 
Absorbed 
in 7 Days, 

per cent 


Total Stability, lb. 
Water 
at Test, 


per cent 


Specimen dried at 140 F. Regular ab- 
sorption and stability procedure 


Average.... 


Specimen dried at 140 F. Regular ab- 
sorption and stability procedure 


Average....... 


Specimen air-dried to 5 per cent mois- 
ture content, then absorption and sta- 
bility 

Average. 


wer 


MECHANICAL ANALYSIS 


Percentage 
Sieve Size Passing 


Plastic index 10. 


stratum of the satisfactorily stabilized 
specimens in Table II. 


Necessity for Compaction: 


_ In preparing the specimens for the 
absorption test and subsequent stability 
and shear tests, it is necessary that they 
be molded at a moisture content which 


Percentage 


Sieve Size Passing 


in minute particles in the emulsion 
to be dispersed among the soil particles 
during the mixing operation, and sub- 
sequently drawn into a film over each 
soil particle during dehydration by the 
surface tensions developed while the 
moisture film is evaporating. Many 
data have been developed to substantiate 


this theory. In any event, it is amply 
proven that fully efficient stabilization 
does not occur until the stabilized 
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mixture has been dried, and thorough 
drying results in higher stabilities, as 
well as high resistance to subsequent 
absorption. 
The effect of the presence of moisture 
in the specimens when they are placed 
in the absorption cabinet is shown 
in Table IV. In this table, specimens 
which were dried to a constant weight 
in the conventional way at 140 F. 
show an average absorption in 7 days 
of 1.3 per cent. Specimens dried to 5 
per cent moisture content show an 
absorption of 2 per cent in 7 days and 
a total moisture content at time of test 
of 7 per cent. The stability of the 
specimens is affected to a much greater 
extent—the stability of the properly 
dried specimens after 7 days absorption 
being over 24,000 and the stability of 
the specimens dried to 5 per cent mois- 
ture content being slightly less than 
5000 Ib. Thorough drying at 140 F. 
is, therefore, provided as one of the test 
conditions in order that this variable 
may be entirely eliminated, and com- 
parisons may be made of the degree of 
efficiency due to variations in emulsion 
content and also, if desired, to deter- 
mine differences of efficiency of dif- 
ferent types of emulsified asphalt used 
as stabilizer. 


STABILITY TEST 


The stability test was developed in 
1935 and, with the absorption test, has 
been almost universally specified on 
stabilization projects since that time. 
Many millions of square yards of 
stabilized base have been designed and 
constructed, based solely on the results 
obtained from these two simple tests. 
The generally successful performance of 
work so constructed justify the assump- 
tion that the physical properties meas- 
ured by these test methods are indica- 
live of the efficiency of the stabilization. 

The apparatus used in this test is 
shown in Fig. 2. In the test the 2 by 


4-in. specimen, after being tested for 
absorption, is placed in the testing cyl- 
inder, with wet end downward. A 
seating load of 3000 lb. is applied while 
the bottom orifice plate is closed with 
the plug. The plug is then removed and 
load applied until the plunger has been 
moved downward 3 in., extruding a 
portion of the cylinder. The total load 
in pounds required to move the plunger — 
2 in. is reported as the stability for that 
3-in. stratum. 

The stability test is intended to 
measure the resistance of stabilized and 
unstabilized soil or soil-aggregate mix- 


PLUNGER 


Fic. 2.—Stability Test Apparatus. 


Assembled at left for preliminary seating load of 3000 
Ib. Assembly at right as used in stability test with sec- 
tion broken away to illustrate extrusion of soil specimen. 


tures to displacement or plastic flow 
after they have been subjected to 
absorption. Clayey soils, unstabilized, 
offer little resistence to plastic flow 
when wet. Plastic flow is evidenced 
by rutting in wet earth roads. Granu- 
lar soils with a controlled clay content 
show a much higher resistance to the 
same type of displacement, and properly 
stabilized soils show an extremely high 
resistance, even in the presence of 
percentages of moisture which would 
produce instability in the same soil or 


soil-aggregate mixture, unstabilized. __ 
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The effect of stabilization on 
plasticity, as measured by the stability 
test, is shown in a number of the tables. 
Particular attention is called to Table 
II which shows the stability of the 
specimens as evidenced by the resistance 
to displacement of each of the three 


TABLE V.—EFFECT OF HEIGHT OF SPECIMEN ON 
ABSORPTION AND STABILITY. 


A-2 Soil. Liquid limit 19. Plastic index 2. 


Absorp- 
tion as | 
Percent- | 
age of | Bottom 


Un- 
treated \4 in., Ib. 


Height, | On Absorp- | 
in Total tion } 


| Total | | 


Emulsion, 


Length 
per cent 


of Ab- 
sorption 
Period, 

days 


Stability 
Te 


0 100.0 | 

i 100.0 

0 } od 100.0 

0 100.0 
100.0 
100.0 


3 100 
2 300 
4 600 
4 300 
4 500 
6 000 


21.4 16 000 
15.8 18 500 
15.7 24 000 
12.4 22 300 
14.1. | 22000 
10.0 26 500 


TABLE VI.—EFFECT OF WALL FRICTION IN THE 
STABILITY TEST. 


Stabilized 

Unsta- 

bilized, 
7-Day 7-Day 
Aborp- Emul- Ab- 
tion, | sion, | sorp- 
per’ | per | tion, 
cent | cent | per | Stabil- | Stabil- 
| | | ity, Ib. ity, 


Regular Special 
Test | Test 


Material ‘Method, ‘Method, 


| 37 500 
| 37 250 


Logan Quarry 11.6 


-4 | 30500 
Fines 


| 32 250 


| 
| 


Clover Field | 9.7 40 000+- 


31 500 
Soil 38 500 


| 35 000 


| 11 000 
| 20 000 


13 250 
20 000 


San Francisco 12.7 
Clay-Sand 


@ Special test method eliminating wall friction. 


lower 3-in. strata. The moisture con- 
tent of each stratum is alsoshown. The 
table includes results of tests on both 
stabilized and unstabilized specimens. 

The effect of stabilization in changing 
the plastic flow properties of a soil 
without greatly changing its capillary 
absorption is strikingly illustrated by 
_ soil No. 6 in Table II, which is an ex- 
treme case. It will be noted that after 
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7-day absorption, the moisture content 
of the bottom }-in. of the unstabilized 
specimen is 34 per cent. The moisture 
content of the bottom }$-in. of the 
stabilized specimen is 31.2 per cent, or 
90 per cent as great. However, in the 
stability test, the bottom }-in. stratum 
of the unstabilized soil shows zero re. 
sistance to displacement, and the sta- 
bilized bottom 4 in. shows a resistance 
to displacement of 8700 Ib. 

When the stability test was devised 
in 1935, it became possible for the first 
time to evaluate definitely the changes 
in the stability of a soil or soil-aggregate 
mixture brought about by stabilization. 


Effect of Height of Specimen: 


Studies have been made of the effect 
of variations in the height of the speci- 
men--both on absorption and on stabi 
ity. Table V shows the result of 
series of these tests made in the Soils 
Laboratory of the Texas Highway 
Department, under the direction of W 
H. Wood, Materials Engineer, on 
stabilized and stabilized specimens. 

In the stabilized specimens, it is | 
be especially noted that the increase i 
absorption, between 7 and 72 days, 's 
not reflected by a greatly diminishe 
stability. This is pointed out earlier 
in this report as probably due to the 
fact that the bottom }-in. stratum 
reaches its maximum water content i 
7 days, and it is this stratum whic 
is tested for stability. 

It would appear from Table V, an¢ 
also from other work not included herein, 
that the height of the specimen is nol 
critical in so far as it affects stabilit) 


Stability Requirements: 


When this method of test was devel 
oped, specifications were written plo 
viding for a minimum stability of the 
bottom 3 in. of 10,000 Ib. This was 
based on stabilities shown when high) 
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were tested by the same method. 
Exceptionally good materials used in 
base construction, such as_ selected 
quarry fines, were found to give a 
sability, untreated, of 5000 to 8000 
\p., with an occasional specimen up to 
1,000 Ib. Selected subbase materials 
in general use were found to have 
stabilities ranging from 2500 to 7000 
lb. Soils which are considered good 
subgrade material usually ranged from 
300 to 3500 Ib., and clayey soils from 
tc ci) 


4 
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Effect of Frictional Resistance in the 
Testing Cylinder: 


In view of the high lateral pressure 
set up in making the stability test and 
the high total loads observed at the 
extrusion of each successive stratum, 
a study was made to ascertain whether 
these results were influenced by frictional 
resistance between the sides of the 
specimen and the inside of the testing ; 
cylinder. In order to eliminate possible 
wall friction, a special modified test 
was devised in which the orifice plate — 


(From left to right.) Cross-sections of a Specimen After the Extrusion of 3 in., 1 in., 


and 1} in. in the Stability Test 


At the beginning of the test the dark lines were equally spaced and parallel 


During the first two years the test 
was in general use, it was thought that 
stabilization could be called successful 
if the total load necessary to extrude 
the bottom 3 in. exceeded 10,000 Ib., 
and the tests were ordinarily stopped 
when the load reached 14,000 Ib. This 
accounts for the many items in Table 
[I which show 14,000 plus. During the 
past three years, stability tests have 
usually been run to 40,000 lb. if neces- 
‘ary to obtain displacement of the 
bottom 4 in., and some additional 
information of value has been obtained. 


é 
was moved into the cylinder so that the : 


soil specimen did not slide against the — 
testing cylinder wall. Tests on identical - 
specimens were run by the special 
method as well as by the regular stability — 
method. The comparative results of 
these tests are shown in Table VI. 
Although in the special test the specimen © 
in the cylinder remained stationary 
and, therefore, there could have been > 
no friction due to the sliding of the 
specimen in the cylinder, the results 
by the special test method are not 
appreciably different from those ob-— 
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cylinders sawed open. 


Quarry fines 
(Calif.) 


(Colo.) 0 | 3.3 


Soil (Calif.) 
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tained in the regular stability test. 


This indicates that wall friction is not 


an important factor and that the 
measured resistance to extrusion in the 


ro regular stability test is produced prin- 
_cipally by internal resistance to plastic 
flow within the soil cylinder. 


This has also been demonstrated by 
making soil specimens with alternate 


_ strata slightly colored and then removing 


the specimens from the testing cylinder 


after 4 in., 1 in., and 1} in. had been 


shows _ these 
The movement 


extruded. Figure 3 


diameter and subjecting them to shear 
with a 2-in. plunger on top of the 
specimen and a 2{-in. diameter aperture 
in the plate underneath the specimen, 

Experimental work with a number of 
soils and with quarry fines, following the 
method proposed by Goldbeck and q 
modification of this method in which the 
height of the specimen was increased 
4 in. indicated that some additional 
useful information might be obtained 
by a punching shear test. Sub. 
sequently, the same general principk 
was utilized in devising a punching 


TABLE VII.—RELATION OF PUNCHING SHEAR TEST TO STABILITY TEST. 


Unstabilized 


Material 


it To 


Absorption in 7 
Days, per cent 
Load, Ib. 
Total 


7-Days Absorption, 


Stability, Bottom 
in 
Punching Shear, 


per cent 


=> 


Bottom 
.. Total 
ib. 
ear, 
, Ib. 


Stability, 
4% in 
Load, 
Punching Sh 
Total Load 


w 
nd 
~ 
wn 


& * | Emulsion, per cent 


o 


An high-grade | 

material. 

Very hard, tough stone, with 
cementing value. 

29 per cent passing No. 10 sieve 

41 per cent passing -in. sieve 


3.1 


14 750 
13 250 


99 per cent passing No. 10 sieve. 
67 per cent passing No. 200 sieve. 
15 per cent passing 0.001-mm. sieve, 


1.8 
1.4 


14 000 
16 250 


100 per cent passing No. 10 sieve. 
52 per cent passing No. 200 sieve. 
10 per cent passing 0.001-mm. sieve. 


which had occurred in the interior of the 
specimen is clearly shown by the di- 
rections assumed by the colored strata. 
These sawed specimens show that the 
plastic flow is greatest in the center of 
the specimen. (This study was first 
made by W. H. Wood and acknowledg- 
ment is here gratefully made.) 


PUNCHING SHEAR TESTS 


In May, 1937, A. T. Goldbeck, in the 
Crushed Stone Journal, reported results 
of punching shear tests on stabilized 
base mixtures. The method proposed 
at that time consisted of molding speci- 
mens 2% in. in height and 4 in. in 


shearing test for 2 by 4-in. specimens 
identical with those used in the stability 
test. In this test, a 1-in. plunger i 
substituted for the 2-in. plunger used in 
the stability test. The apparatus i 
otherwise identical. 

As the soil specimens are slight) 
smaller than the inside of the test cy! 
inder, limestone dust is vibrated int 
the space between the testing cylinde 
and the specimen prior to the tes! 
The load is then applied on the 10 
plunger centered on the soil specimet 
directly over the 1}-in. orifice in th 
bottom, until the maximum is reached 
The results of punching shear té 
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made by this method and their relation- 
hip to stability tests are shown in 
Table VII. 

The gradation of the soil or aggregate 
ysed and the angularity of the particles 
appear to have a substantial effect on 
the total load in the punching shear 
est, especially on unstabilized speci- 
mens. Although this test method has 
not as yet been used in specifications, 
it is believed that it may be distinctly 
yseful in research work and may even- 
wally be utilized in specifications. 


Use oF THE TEST METHODS IN 
RESEARCH AND DESIGN 


The test methods described are used 
in routine preconstruction studies to 
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TABLE VIII.—-EFFECT OF EMULSION PARTICLE SIZE ON STABILITY AND ABSORPTION. 
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the size of the asphalt particles in the 
emulsion. These tests show that fine 
particle size in an emulsion is an im- 
portant property for effective stabiliza- 
tion. One emulsion had an average 
particle size of 47 uw, the other 2.9 yu. 
Ten per cent of the coarse emulsion is 
shown to be less effective than 4 per 
cent of the finely dispersed emulsion. 

By the use of these test methods, the 
consistency of the bitumen used was 
found to be an important factor in 
the efficiency of stabilization. 

The tests proved sensitive enough to 
differentiate between two emulsions in 
which the only difference was in the 
penetration of the asphalt used in the 
emulsion. Asphalt of 58 penetration at 


rok Percentage | Penetra- 7-Days Stability Punching 
Type of Stabilizer® | tion of Absorption, First 1% in., Shear, 
| Stabilizer Residue per cent Ib. Ib. 

4.0 53 2.4 | 11000 11083 
| 54 4.9 | 566 276 
oo f | 20.000 9 416 
Coarse emulsion........... 54 13.8 1 166 | 333 
Coarse emulsion \ 54 | 6.1 5 766 | 2 750 


* Fine emulsion average particle size = 2.9 wu 

Coarse emulsion —average particle size = 46.7y 
secure maximum efficiency of stabiliza- 
tion at minimum cost. Separate sets 
of specimens are made with various 
quantities of emulsified asphalt as a 
stabilizer and with the different soils or 
wil-aggregate blends available. Selec- 
tion is based on efficiency and cost. 

The test methods have also been 
found useful for studies of the effect of 
other variables such as the kind and 
consistency of the bitumen used in the 
emulsion and of the effect on stabiliza- 
ion of variations in the type and quality 
of the emulsion. 
_ Test results of such a study are shown 
in Table VIII, where the variable was 


77 F. is shown to be about 10 per cent 
more effective than an asphalt of 209 
penetration. 

The results of stability or punching 
shear tests cannot yet be utilized in- 
formulas for determination of thickness 
of stabilized bases, but it is hoped that — 
by relating the results of these tests 
made on base and subsoil samples with | 
field performance and similar tests on 
field samples after construction, it may > 
in time be possible to evolve an em- 
pirical formula for structural design. 
Studies looking to this end have been 
under way for over a year. 
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written form). 
the stability test procedure described 
by Mr. McKesson in a laboratory study 
of bituminous-soil mixtures. 
types of bituminous materials other than 
emulsions were used. These were in- 
corporated with a silt loam soil at 
_ different moisture contents. 
bility test portrayed very well the 


as a 
compact. 
than it was at the conclusion of the 


Mr. Mies S. Kersten! (presented in 
The writer recently used 


Various 


The sta- 


benefit of an increase in mixing water, 


although the absorption results showed 
little variation. 


This benefit resulted 
from the increased density attained and 


the better bitumen distribution afforded 


by the higher moisture contents. The 
range of mixing waters investigated was 
from 4 to 20 per cent. 

One factor of the stability test of 
considerable importance is not discussed 
by Mr. McKesson. This is the 3000-lb. 
“seating load” applied to the specimen. 


_ For the more poorly stabilized specimens 


which have high absorptions, this results 
in a stability which may be somewhat 
misleading. ‘The initial pressure results 
in a part of the water contained within 
the specimen being forced from the soil 
and the specimen being tested becomes, 
consequence, drier and more 
As a result, it is more stable 


absorption test. In tests run by the 
writer, specimens which were so unstable 
when removed from the absorption 
bath that they hardly held their shape, 
or apparently had “zero stability,” 
often gave stabilities of around 4000 lb. 


1Instructor of Civil Engineering, 


Minnesota, Minneapolis, Minn. 
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after the initial pressure of 3000 lb. had 
been applied. In Table II of Mr 
McKesson’s paper, numerous results of 
zero Stability are listed. It is difficult ty 
understand such results on soil speci- 
mens which have been compressed 
under a 3000-lb. load in an apparatus 
which is by no means watertight. 

Mr. McKesson has presented data 
which indicates that wall friction is not 
an important factor. It is the writer's 
belief that this item does affect the 
result which is recorded as stability, 
but that its significance is not great. 
Load caused by friction is apparently 
low in the tests of specimens giving low 
stabilities, since the moisture content of 
the soil is high. It is proportionately 
greater for those specimens giving higher 
stabilities, since these are usually in 
drier condition. In tests performed by 
the writer, the test specimens wert 
removed from the testing mold | 
removing the orifice ring and applying é 
load on the plunger. In this way the 
total frictional resistance between the 
specimen and the walls of the cylinder 
was noted. For specimens which gav' 
fairly high stabilities (around 20,0 
lb.) this load was often found to b 
several thousand pounds. 

Mr. T. A. Fitcn? (by- letter).—The 
tests proposed have been in use by the 
City of Los Angeles for several years, 
and experience shows that they do 10! 
establish the efficiency of stabilization 
Some emulsions which comply with a! 
of the proposed requirements produce 


“2 Director, Bureau of Standards, Cit oo le Angele 


Department of Public Works, Los Angeles, 
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“stabilized” soil that remains wet and 
pecomes readily saturated with water so 
that lumps of it disintegrate. Such 
do not give “assurance that the base so 
constructed would give satisfactory serv- 
ice.” Such do not agree with the claim 
that: “In this process of stabilization, 
each soil particle is provided with a 
water-repellent non-absorptive asphaltic 
film” (italics added). Such confirm the 
statement that: “‘fully efficient stabiliza- 
tion does not occur until the stabilized 
mixture has been dried.” 

The two test methods proposed for 
absorption and for stability do not rate 
srvice conditions. A drying tempera- 
ure of 140 F. gives a quick test, but not 
a natural one. The absorption char- 
acteristics of some soils dried at 140 F. 
are radically different from the char- 
acteristics of those same soils dried at 
normal temperatures found in construc- 
tion. Emulsified stabilized base, wet 
and plastic as removed for examination, 
has been found to become resistant to 
absorption after dryingat 140 F. More- 
over, the compaction (nearly 1000 psi.) 
of the proposed stability specimens has 
no counterpart in actual construction. 

Emulsion stabilization is so patently 
experimental in status and the proposed 
tests so far from an evaluation that the 
need persists for the development of 
service tests to determine to what 
extent, and under what conditions, an 
asphalt emulsion will stabilize soil. 

Mr. RayMonp Harscu?® (presented in 
‘written form).—Mr. McKesson’s paper 
has been studied with considerable 
interest, as it contains data indicating 
the value of these methods of tests. 
wish to refer to some practical applica- 
tions which should create some doubt 
48 to their suitability. 

In regard to the tests themselves, I 
raise the following points: 


sit Manager, Asphalt Dept., Shell Oil Co., Inc., 
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Preparation of Specimens.—The speci- 
mens are dried at 140 F. until they reach 
constant weight. Such a condition is 
not even approached under field condi- 
tions, except under periods of drying 
which are felt to be impractical for most 
construction. Furthermore, the drying 
temperature of 140 F., being above the 
softening point of paving asphalt, can 
also create an asphalt film distribution 
entirely different from that which would 
occur at lower drying temperatures. 

Absorption Test.—In this test the 
specimens are wrapped or protected from 
moisture on the sides and top by an 
impervious membrane, thus subjecting 
only the bottom of the specimen to 
moisture. It is felt that this makes the 
test one for capillarity and not absorp- 
tion. Under the test the specimen does 
not reach absorption equilibrium in 
seven days as would be the case for total 
immersion or if the moisture surrounded 
the specimen. I have been informed by 
F. N. Hveem, of the California Highway 
Laboratory, that swell test values on 
specimens surrounded on the sides by 
damp sand were considerably greater 
than those obtained by a depth of water 
on the surfaces of specimens surrounded 
by the molding ring. 

If the stability against moisture is 
only one of retarding or preventing 
capillary action from the bottom surface 
of the soil layer, is it not more easily 
and more surely accomplished by an 


asphaltic membrane between the sub-— 


grade and the soil layer? If absorption 
is the factor, total immersion is a more 
logical test method. 

As the bottom of the emulsion stabi- 
lized layer is the last to reach the proper 
degree of dehydration, 


difficult to determine practically. 


the effective 
depth of the stabilization is variable and 


The length of time required for emul- 


sion-stabilized soils to lose their moisture 
under the best of drying conditions is 
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‘surprising. A specimen, 6 in. in diame- 
ter and 1 in. thick, removed from the 
_ mold and allowed to dry on a shelf in 
laboratory air of 70 to 95 F., still 

retained 2 per cent moisture after 23 
days. From this the drying time for a 
6-in. depth on a damp subgrade can be 
visualized. 

Shear Test for Stability.—In discussing 
this test, I feel it necessary to discuss 
first the purpose of emulsion stabiliza- 
tion. Is it either necessary or desirable 
that the stabilized base develop a type 
of rigid structure approaching a port- 
land cement concrete slab in which there 
_ must be sufficient clay binder to develop 
high cohesion? Such bases are in con- 
siderable contrast to stabilization using 
granular materials, or other types of 
bituminous mediums which permit 
flexibility. 

If the rigid type slab is the aim, it isa 
question as to whether an extrusion shear 
test should be used. One would not 
think of recommending such a test for 
cement-concrete paving mixes. A cross- 
bending or compression test would 
appear more logical, especially the 
former, as that is the factor which 
produces failures in these types of bases. 
On that basis, the higher the cohesion, 
the stronger the slab, and large amounts 
of clay binder would be desirable. 

My observations lead me to believe 
that the rigid type of base, unless it can 
be built thick enough and strong enough, 
is undesirable as a support for a bitu- 
minous wearing surface. 

Cohesion is a minor factor in a base 
course, as evidenced by many miles of 
highways built on sand, sand gravel, 
crushed rock, cinders or other cohesion- 
less materials. At least there is no 
real excuse for admixing clay into such 
materials in order that a bituminous 
material must be used to waterproof the 
clay. If cohesion is required, why not 
use the bitumen as the binder? 
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Conclusion.—From observation jp th 
field, it is my impression that these test: 
are not producing the safeguards agains; 
failure that the data in this paper 
infer. I accordingly conclude that the 
methods being followed in designing th 
emulsion-stabilized bases are inadequate 
and unreliable. They apparently lad 
proper consideration of the principle 
by which the load is being transmitte 
to the underlying soil. These test: 
certainly do not determine how thic 
the stabilized base should be or hy 
much the intensity of pressure is d 


minished through such a. stabilized 
layer. 
Mr. C. L. McKesson‘ (author 


closure by letter).—The author great) 
appreciates the comment and criticis 
presented in the discussions by Messrs 
Kersten, Fitch, and Harsch, because 
these indicated that some points were 
not made entirely clear in the paper, and 
should be further discussed. Thes 
points will be taken up in the order i 
which they are presented in the dis 
cussions. 

Seating Load (Stability Test).—Mt 
Kersten has observed that some moist- 
ure is frequently extruded during the 
application of the 3000-lb. seating load 
on unstabilized or poorly stabilize 
specimens after they have been subjected 
to the absorption test. He is entirely 
correct in this observation, but th 
author does not believe that this loss 
of serious import, because the precis 
degree of stability of such specimens 
relatively unimportant. Mr. Kerste 
comments on Table III in which som 
unstabilized specimens show zero sl 
bility. It will be observed from tht 
the table that the soil in these spec 
mens was extremely fine and had a very 
high clay content. These samples wet 
very soft and plastic after the seating 4 
‘Director of Engineering and Research, Amer 
Bitumuls Co., San Franisco, Cailf. 
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extrusion tests. Samples extruded from 
the bottom 4 in. of each specimen 
contained from 26 to 38 per cent of 
moisture. Even moderately stabilized 
specimens and good unstabilized mate- 
rials have little or no free moisture loss 
in the seating test, and their stability is 
therefore affected to a very slight degree, 
fat all. Two years of experience with 
stability tests before the practice of 
applying a seating load was adopted 
and a similar period since then have 
indicated that stability results are not 
greatly changed by the application of 
the seating load, but that the results 
are somewhat less erratic and more 
reproducible when the seating load is 
used. 

In lieu of seating, the space between 
the specimen and the walls of the test 
cylinder is sometimes filled with rock 
dust vibrated into place. This practice 
seems to give higher stabilities but could 
be followed, if desired. 

Wall Friction (Stability Test).—Mr. 
Kersten correctly observes that wall 
friction is to some extent recorded as 
stability but that its significance is not 
great. This is also indicated by Table 
VI in the paper. 

Effect of Moisture on Efficiency of 
Stabilization.—Mr. Fitch does not be- 
lieve that the described tests establish 
the efficiency of stabilization, because he 
has observed that some emulsions, which 
comply with all requirements, produce a 
wil that remains wet. Stabilized soil 
does dry somewhat more slowly than 
unstabilized soil, but the author has 
never seen a stabilized soil which would 
hot dry out, if given time. Some 
emulsions dehydrate more rapidly than 
others, and some users therefore specify 
an emulsion with a high rate of dehydra- 
tion, believing that this will accelerate 
the drying of the stabilized mixture. 
If a stabilized soil mixture could be 
produced which would “remain wet,” 


as described by Mr. Fitch, it would not — 
pass the proposed test requirements 
which are predicated on the drying of 
samples at the beginning of the test. 

If Mr. Fitch is referring to stabilized — 
base which remains wet because it was 
not given a sufficient opportunity to 
dry after compaction and before sur- 
facing, then stabilization was not fully 
effective, and the disintegration which 
he says occurred i in the presence of water 
should have been expected. This is a 
construction matter, and not a matter 
of testing, and it is believed that all 
specifications now require that stabilized 
base be allowed to dry after compaction. 


content instead of to constant weight at 
140 F., would have indicated the in- 
efficiency of such stabilization. The 
effect of moisture present in the speci- 
mens at the time the tests started is 
shown in Table IV. Proper dehydra- 
tion is so indispensable that emphasis 
should be placed on the statement, 
quoted from the paper by Mr. Fitch: 
“fully efficient stabilization does not oc- 
cur until the stabilized mixture has been 
dried.” Only after drying is “each soil 
particle provided with a water-repellent 
asphaltic film... with assurance to the 
builder that the base so constructed will 
give satisfactory service.’ 

Drying Specimens at 140 F. (Absorp- 
tion Test).—Mr. Fitch believes that 
drying at 140 F. gives a quick test, but | 
that some soils dried at this temperature 
have different characteristics than the— 
same soils dried at normal temperature. | 
The temperature of 140 F. was selected : 
because it was believed that this tem-— 
perature was low enough to avoid any 
structural or chemical changes in the 
soil, and it is recognized as a reasonable. 
summer temperature in bituminousroads- 
in many tests, such as the Hubbard- 
Field Stability Test, Hveem Stabilom- 


Tests made by the methods outlined, 
except by drying to the field moisture 
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eter Test, etc., made on other bitu- 
minous materials. It was also found 
that this temperature is about as low as 
possible if specimens are to be dried to a 
constant weight within a reasonable 
period, usually about 7 days. While 
this temperature is usually used where 
the moisture content is to be’ eliminated 
as a variable, to permit of evaluating 
other variables, tests can be made in 
exactly the same manner, if the user 
prefers, by drying to a constant weight 
at any other temperature, or to a given 
moisture content, as shown in Table IV. 
Drying at 140 F. has come to be con- 
sidered optimum drying, just as 28 days 
in the moist room is frequently con- 
sidered as standard curing in cement 
concrete tests. 

Compacting Specimens with a 3000-1b. 
Load.—Mr. Fitch questions whether 
compaction under a 3000-lb. load (about 
1000 psi.) has any counterpart in actual 
construction. 

Many tests have indicated that the 
density of specimens compacted in this 
manner closely approximates efficient 
compaction that can be obtained in the 
field. The average density of 58 labora- 
tory-molded field-mixed specimens from 
the Los Angeles Municipal Airport was 
119 lb. per cu. ft. The average dry 
weight per cubic foot of the same soil, 
unstabilized, when compacted by the 
Proctor method at optimum moisture 
content, was 128.3 lb. percu. ft. Fifteen 
cores from the sheep’s-foot compacted 
stabilized base have an average density, 
dry, of 122.9 lb. per cu. ft., or nearly 
4 lb. per cu. ft. more than the laboratory 
2 by 4-in. specimens compacted under 
the 3000-lb. load. A typical clay-gravel 
blend had a dry density by the Proctor 
method of 128.6 lb. per cu. ft., and 
laboratory specimens made and com- 
pacted in the manner described, with 2, 
24, and 3 per cent of emulsified asphalt 
stabilizer, had dry densities, respec- 


tively, of 128.0, 129.2 and 129.2 lb. per 
sq. ft. It seems that the method 
described does rather closely approxi. 
mate field compaction and 
maximum density compaction. 

Mr. Fitch believes that soil stabiliza. 
tion with emulsified asphalt is experi. 
mental. This theory would hardly tx 
acceptable to many engineers in this 
country who have been constructing 
projects every year since 1934 wit 
entirely satisfactory results. If by “ex. 
perimental” Mr. Fitch means that this 
type of construction can be still further 
developed and improved, he is u 
doubtedly right. In this sense, 
pavements are experimental. 

Sealing Sides and Top (Absorption 
Test).—As Mr. Harsch points out, and 
as stated in the paper, the absorptior 
test is for capillary absorption. On 
surface is exposed to the saturate 
subgrade, and sides and top of th 
specimen are sealed to prevent evapor- 
tion losses. This approximates the 
worst condition which could exist 
any similar prism within a base on 
saturated subgrade covered with 4 
impervious surface. Sealing the ty 
and sides against moisture losses make: 
the test much more severe than wher 
moisture is permitted to escape by evap: 
oration during the absorption period 

Mr. Harsch indicates a preference {or 
submersion tests. Submersion tes 
would be reasonable for reservoir lining 
but submersion is not a normal conditi 
in a properly designed highway. M 
Harsch quotes Mr. Hveem as sayilif 
that specimens buried in wet sal 
absorb more moisture than specimen 
confined in a molding ring with water 0 
their surface. This, of course, is 
rect. A confining ring prevents a spe 
men from swelling laterally while takixg 
moisture, and greatly reduces the 4 
sorption rate with swelling soils. 

In the test described in the paper, “ 
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2 by 4-in. cylinders were originally left 
in their molds, but it was soon deter- 
mined that absorption was greatly 
retarded. Therefore, the specimens 
were merely wrapped in cellophane or 
rubber, and permitted to swell freely 
and to absorb water by capillarity, 
without restriction. Apparently, Mr. 
Harsch has lost sight of the fact that 
in the tests as described, the bottom 
in. of each specimen reaches a moisture 
equilibrium in the 7-day test, and it is 
this bottom 4 in. which is tested for 
stability. 

Stability Test.—Mr. Harsch’s apparent 
unfamiliarity with emulsified asphalt 
stabilized base construction has evi- 
dently led him to believe that emulsified 
asphalt stabilized base is, or is intended 
to be, a rigid type of construction. 
Such, of course, is not the case. Under 
service conditions, any stabilized base 
takes up some moisture from capillary 
absorption, just as do the laboratory 
specimens in the 7-day absorption test. 
It therefore has plasticity (see Fig. 3) 
but the resistance to plastic flow with 
the anticipated field moisture content 
must be sufficient to prevent distortion 
and to distribute the load to the sub- 
grade. Table III shows typical field 
moisture contents and stabilities at 
field moisture content in comparison 
with laboratory preconstruction test 
values, 

Mr. Harsch states that he believes 
“that the rigid type of base, unless it 
can be built thick enough and strong 
enough, is undesirable as a support for a 


bituminous wearing surface.” As above 
stated, and as clearly indicated by the 
test data in the paper, stabilized base 

is not a rigid type, but with stabilized — 
base, as with any type, the base should © 
be “thick enough and strong enough.” 

Mr. Harsch believes that cohesion — 
is a minor factor in base courses, because - 
highway pavements are successfully 
built over sand and other cohesionless © 
subgrades. He overlooks the fact that 
the pavements constructed over such 
subgrades are not cohesionless. It is” 
difficult to conceive of a serviceable 
pavement which would be cohesionless. 

Stabilized base is a part of the pave- 
ment, and is usually covered with a 
relatively light bituminous wearing sur- 
face. Cohesion is therefore a desirable 
property. 

The author does not intend to imply 
that the test methods described are the 
only ones which could be devised and 
confidently expects that new methods 
will be developed which will be found 
useful, and results from which can be 
used even more directly in design 
formula. The tests described are, how- 
ever, the only ones which have been in 
general use, and they have been used on 
hundreds of projects in the past five 
years. By comparing tests results with 
field performance, it has been found 
possible to set specification limits based 
on these test results, with reasonable 
assurance of successful performance. 
Adequate design and proper construction 
practices are, of course, as essential in 
this type as in any other. 
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_ EVALUATING THE ADHESIVE PROPERTIES OF ASPHALT 


By Aucust Homes! 


In order to evaluate the “adhesivity” of an asphalt, that is, its resistance to 
being displaced from the aggregate surface in the presence of water, labora- 
tory tests of various types have been employed. ‘These can be grouped as 
partition, stripping resistance, water-displacement, briquet-soaking and 
abrasion-displacement tests. Of these various types, the water-displacement 
test appears to give the most indicative results. The use of the circular track 
affords a more practical means for evaluating adhesivity and details of its con- 
struction and operation have been described. According to the results 
obtained by the circular track, asphalt adhesivity can be increased by the use 
of wetting agents and the life of a paving mixture has thereby been increased 
up to 3.88 times that constructed with untreated asphalt. A correlation has 
been indicated between the results obtained on the circular track and the 
laboratory water-displacement tests. Although progress has been made in 
the knowledge on asphalt adhesivity, considerable work still remains to be 
done to develop a quantitative laboratory test which can be correlated with 


road results. 


In the use of asphalts in the construc- 
tion of highways, the asphalt serves as a 
binder for the particles of the aggregate 
making up the bituminized structure, 
the consistency of the binder varying 
from comparatively thin oils to the typ- 
ically viscous products whose consis- 
tencies at service temperatures are most 
conveniently measured by penetration 
with a loaded needle. The asphalt 
must not only act effectively as a binder 
for the aggregate to produce a surface 
capable of bearing traffic but it should 
also maintain its binding properties 
under the deteriorating effects of mois- 
ture and weather. This property or 
ability of an asphalt to resist being dis- 


Standard Oil Development Co., Elizabeth, 


placed by water from an aggregate has 
been defined as its ‘‘adhesivity” in con- 
tradistinction to “adhesiveness” which 


is considered to be the mechanic 

strength by which an asphalt clings t 

the aggregate. 


TESTING FOR ADHESIVITY 


As yet, to the author’s knowledge, ! 
quantitative correlation has been pu 
lished between laboratory adhesivl 
data and results on the. road. Re 
ognizing the impracticability of dup! 
cating in the laboratory the variation! 
the composition of the field waters a! 
the various conditions to which bitum 
nous surfaces are exposed in servi 
and appreciating that a laboratory 4 


hesivity test is influenced by a number 
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of factors, methods that have been 
developed for indicating the preferential 
wetting of aggregates by asphalts in the 
presence of water appear sufficiently 
promising to justify discussion. All of 
these tests can be grouped into three 
main divisions: namely, partition tests, 
displacement tests, and abrasion-dis- 
placement tests. 

Partition Test: 

The partition tests are carried out 
along the following general line: A 
quantity of the mineral aggregate previ- 
ously reduced to a fine particle size is 
placed in a container and shaken with 
desired quantities of water and asphalt 
or oil simultaneously present. Upon 
allowing the thoroughly agitated mix- 
ture of aggregate, water and thin asphal- 
tic oil to settle, the water-wet aggregate 
will settle to the bottom of the water 
layer, whereas the oil-wetted material 
will tend to remain suspended in the oil. 
Depending upon conditions and the 
relative proportions of the materials, the 
preferentially oil-wetted material may 
finally settle into the water layer be- 
cause of gravity effects. The amount of 
non-oil-wetted material remaining after 
the test is generally used as a basis for 
evaluating the adhesivity of the bitumi- 
nous material toward the mineral ag- 
gregate under test. Our experience in 
comparing the various forms of the parti- 
tion test with other tests has led us to 
the opinion that the partition procedures 
lumish only very rough evaluations of 
adhesivity. 


Displacement Test: 


_ The displacement test, in some form, 
is the one most frequently applied. 
This procedure consists, in general, in 
irst coating the aggregate with asphaltic 
material and then submitting the as- 
phalt-coated aggregate to the action of 
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water, usually by complete immersion 
at some selected temperature. 

Probably the best known displace- 
ment test is that of Riedel and Weber?’ 
So much has already been said about this _ 
test that further comment seems super-_ 
fluous beyond that the criticisms of it 
appear well founded. 


In our work, the displacement tests 


employed for estimating the stripping | 
of asphaltic materials from mineral 
aggregates vary somewhat with their 
consistency: for uncured or partially 
cured cutbacks, 20 hr. soaking in dis- 
tilled water at room temperature; for 


more completely cured cutbacks or 


paving asphalts, 20 hr. soaking at 140 F., 


and a further accelerated test, wand 


in distilled water for 1 to 5 min. For. 
convenience these have been designated 
as stripping resistance test, water-dis- 
placement test at 140 F., and water- 
boiling test. The details for carrying 
out these several tests are as follows: 


Stripping Resistance Test.—Four per 


cent of cutback asphalt containing at 
least 67 per cent of asphalt base is added 
to 4 to 10-mesh aggregate and mixed to_ 
complete coverage. The mixture is al- 
lowed to cure at room temperature for 
1 hr. and is then placed in distilled water 
at room temperature for 18 to 20 hr. 
The percentage of aggregate surface 
remaining coated is recorded as the 
“stripping resistance.” In the case of 
wet aggregates, the procedure is modi- 
fied somewhat as follows: } to 4-in. ag- 
gregate is used, the amount of cutback 
asphalt is increased to 6 per cent and the 
mixture stirred for 2 min. after which 
it is immersed in distilled water as above. 
The percentage of aggregate surface 
coated before immersion in water is 
taken as the ‘‘coating ability” in addition 


2 Asphalt und Teer Strassenbautechnik, Vol. 33, No. 
44, November, 1933, pp. 808-812. 
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to the “‘stripping resistance” noted at the displacement tests depends upon the the de 
end of the test. skill of the operators in estimating yigy. J sated 
_ Water-Displacement Test at 140 F.— ally the percentage of the surface of the Ab 
_ In the 140 F. displacement test, mineral aggregate remaining coated with as. § coated 
_ aggregate of No. 4 to No. 10 sieve size phalts. With a little practice, differen, conta 
is coated with 4 per cent of the asphalt operators can rate samples within +5 § under 
in the form of a rapid curing cutback per cent. Attempts to evaluate the ex. sion t 
asphalt containing 67 per cent of asphalt. posed uncoated aggregate surfaces by ing th 
After coating, the aggregate is spread means of adsorption of standardized § aggteg 
; dye solutions were unsuccessful becaug levelec 
and is then completely covered with dis- of the apparent tendency of the asphal- § /d. sta 
tilled water for 18 to 20 hr. at 140 F. tic materials often to leave a thin. The tk 
The aggregate still submerged in water invisible film of resinous material over § curing 
is then cooled to room temperature for the apparently exposed mineral surface J "mov 
at least one hour, after whichthecold and adsorption of the dye itself by the distille 
water is drained off, the aggregate asphalt. Some consideration will be § ‘isint 
spread out and dried. A final evalua- given to the use of a reflectometer for § day 
tion of the percentage of aggregate this purpose. the fi 
_ surface still coated with asphalt is then In general, the water-displacement § 4 the 
made. test at 140F. and the water-boiling ‘grat 
_ Water-Boiling Test.—The water-boil- test give about the same results, as the  perim 
ing test measures the resistance of an following figures indicate: Althot 
asphalt coating to displacement by ing te 
boiling water. Strictly speaking, this Asphaltic Material the dit 
test is in reality a modification of the : ere = point 
Riedel and Weber adhesivity testusing A................ Oto10 Otol) andt 
pure water, except that in the present 70 to 80 80 with 


0 to 
test, the aggregate is No. 4 to No. 10 a yet adhesi 


sieve size and the amount of asphalt brique 
employed is much less, amounting to 4 obser 
per cent of the aggregate. The coating It should be mentioned, however, § briqu 
that sometimes the agreement of the § from 
as under the water-displacement test at two procedures is not so good, and in partic 
140 F., after which the coated aggre- such cases, the water-boiling test ger J an as 
gate is placed in a beaker, provided with erally gives the higher results. From § serve, 
a false bottom of wire screen, and cov- this, one might conclude that the 140F. § the | 
ered with distilled water. The contents water-displacement test is the mor 9 effect 
of the beaker are then heated to the boil- severe, due to longer time in whic J adhes 
ing point within 6 min. and boiled for water is in contact with the sample. tainec 
1 min. upon which any asphalt displaced Briquet-Soaking Test.—Another form tion « 
from the aggregate will either float on of water-displacement test which has ment 
the water or collect on the sides of the been investigated is that designated * § of im 
beaker. The boiled aggregate is then the “briquet-soaking test.” This com Abras 
cooled under running water and is then sists in allowing a briquet prepare 
spread out, and the amount of coated from the coated aggregate to stand Th 
surface estimated visually. distilled water until disintegration take BP the f 
The quality of the results in the water- place. As a matter of possible interest 
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the details of this test are being pre- 
sented: 

A briquet of 4 to 10-mesh aggregate 
coated with 2.5 per cent of a cutback 
containing 67 per cent of the asphalt 
under test is formed in a standard ten- 
son test mold for cement. In prepar- 
ing the briquet, the cutback coated 
aggregate is tamped into the mold, 
leveled off, and then subjected to 250 
ib. static pressure (71.5 psi.) for 5 min. 
The thickness of the mold is1in. After 
curing at 140 F. for 96 hr., the briquet is 
removed from the mold and kept under 
distilled water at room temperature until 
disintegration takes place. The number 
of days required for the breaking off of 
the first pieces of the briquet is taken 
as the “initial failure” and for the disin- 
tegration of 50 per cent of the upper 
perimeter of the briquet, “final failure.” 
Although interesting, the briquet-soak- 
ing test is unsatisfactory on account of 
the difficulties in determining the precise 
point of failure, the long time required, 
and the poor correlation of the results 
with other procedures for evaluating 
adhesivity. During the course of the 
briquet-soaking tests, the interesting 
observation was made that in the failed 
briquets, the asphalt was not stripped 
from the stone, each loosened stone 
particle being completely covered with 
an asphalt film, as far as could be ob- 
served visually. It would appear that 
the briquet-soaking test includes the 
dlect of other properties than simple 
adhesivity. Early results might be ob- 
tained in this procedure by the applica- 
lion of some form of strength measure- 
ment to the briquets after stated periods 


of immersion in water. _ 


Abrasion-Displacement Test: 


The abrasion-displacement tests take 
the form of some sort of shaking test. 
This consists in coating mineral aggre- 
fate with the asphalt under test, placing 
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the coated aggregate in a can or other 
container, covering with distilled water, 
and shaking in a shaking machine until 
the test is considered complete. There 
appears to be no general agreement as 
to what constitutes the end point in 
this test. Sometimes the total aggre- 
gate surface uncoated after a definite 
period of shaking, or the amount of 
material of a certain maximum screen 
size stripped of asphalt after a definite 
shaking period, or the time required to 
uncover a certain percentage of aggre- 
gate surface has been considered to 
indicate the relative adhesivity value of 
the mixture. The shaking test is obvi- 
ously subject to all of the errors and un- 
certainties involved in the water-dis- 
placement test plus those due to abrasive 
effects and the variations introduced by 
the character of the shaking at different 
laboratories. In fact, our experience 
has been to the effect that under pre- 
sumably exactly the same conditions, 
the differences obtained at various 
laboratories with the same shaking test 
are of such magnitude as to make com- 
parisons practically impossible. 

It is, therefore, obvious that the 
laboratory evaluation of true adhesivity — 
on a quantitative basis is still in an 
experimental state, but taking into con- 
sideration all of the defects of the vari- 
ous procedures, it would appear that the ~ 
water-displacement tests are the best 
available, with preference being given — 
to that at 140F. This situation em- 
phasizes the need for some fundamental 
research which will have for its object 
not only an investigation of adhesivity 
as a whole, but for the development ofa 
satisfactory test or group of tests by 
which the adhesivity of asphalt towards 
mineral aggregates can be quantitatively 
measured. It is, of course, realized that — 
some work has already been tempted 
along this line, but it appears that much 
more remains to be done. 
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CIRCULAR ‘TRACK ‘TEST 

The value of any small laboratory 
test will depend upon the extent to 
which it indicates the results of large- 
scale practice. In the case of road sur- 
faces, years may be required to correlate 
laboratory adhesivity values with the 
life of a road. In order to obtain accel- 
erated results with road materials, the 
circular track has been developed by 
various workers and advantage has been 


Fic. 1 
A Wheel assembly. 
B Height adjustment for A. 
C Beams which are reciprocated telescopically inside. 
D The main beams. 

The motors and gear reducers for reciprocating beam C. 
> P The stops eae switches which control and reverse the 
travel of 
taken of this device for evaluating the 
adhesivity of asphalts on a semi-prac- 
tical scale, with the thought that it 
may be possible to work out some cor- 
relation between the small laboratory 
adhesivity tests and the large-scale 
circular track tests. If, then, a correla- 
tion can be developed between the circu- 
lar track results and actual road experi- 
ence, the tie-in of small laboratory 
adhesivity tests with road experience 
will be established. 
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Circular Track: 


The circular track employed consists 
of a concrete trough, 2 ft. wide and 16 ft 
in mean diameter in which hot-mixed 
paving mixture is placed and then com. 
pacted by the machine. 
consists of a centrally pivoted, mechan. 
ically rotated beam supporting at its 
end two truck wheels equipped wit} 
which have beer 
loaded to give a dead weight of 1000 }} 


heavy 


duty tires 


d 


Circular Track Machine for Testing Asphalt Paving Mixtures. 


G Heavy pins permitting vertical motion in t 
while attached to H/, the rigid T member 
rotated around, /, the fixed pivot. 

J The motor drive’ for rotating the equipment 

K Steel track on which the driving wheel runs. 

L Commutator arrangement for electrical cor 

M Electrical revolutions counter. 

N Drains for removing water from track 


on each tire (see Fig. 1). 
speed of the wheels is 4.54 m.p.h. a 


The machine 


The linear 


they make seven passages from ones 
of the trough to the other each hour, 


eliminate rutting. 
paction followed by a curing period, 
asphalt-aggregate 
down by running the wheels over 
track submerged under water maintain 


at 90 +1F. The breakdown of t 


mixture is 


track is taken as the number of rev 


tions of the machine required to loos 
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300 lb. (10 per cent) of the total asphalt- 
aggregate mixture laid. 

This track is being used to measure 
irom an adhesivity standpoint the rela- 
tive life of paving mixtures using as- 
phalts which have been submitted to 
various treatments. In order to obtain 
accelerated results, asphalts having a 
softening point of 85 F. have been gen- 
erally used, although it is realized that 
this consistency is much lower than the 
asphalts normally used in road construc- 
tion. The aggregate used in these 
tests was trap rock from a local quarry 
made up to the following grading: 

Per CENT 
Passing 1-in. sieve, retained on ; 
in, sieve 
Passing 4-in. sieve, retained on 
Passing }-in. sieve, retained on No. 


9.0 to 10.0 


28.0 to 29.0 
. 20.0 to 21.0 


No. 100 sieve... ... 
Passing No. 100 sieve 


. 23.0 to 24.5 
3.5to 5.0 


In carrying out the circular track 
tests, differences were early noted in the 
properties of stone shipments received 
from the same quarry at various times. 
Washing the aggregate was found to 
be necessary to reduce the deviation in 

| track evaluation. 

| In an investigation carried out to 
determine the means to reduce the vari- 
ation in circular track results, it has been 
found that: 

(a) Increasing the compaction period 
irom 2 hr. running to 10 hr. increased the 
apparent life of the paving mixture 
around 30 per cent but with a decrease 
in the reproducibility of the results. 

(b) Increasing the load on the wheel 
from 1000 lb. to 1500 Ib. during the com- 
paction period increased the deviation 
in the final results. 

() Increasing the curing period prior 
o test from 16 to 64 hr. had little 
effect on the apparent life of the track. 
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(d) Varying the temperature of the 
test between 78 F. and 90 F. showed a 
mean increase of 840 revolutions for 
each degree decrease of temperature 
at which the track test is made. 

(e) Varying the consistency of the 
asphalt binder with the test carried out 
at 90 F. gave an indicated increase of 
track life of around 450 revolutions for 
each degree rise in softening point. 

Comparison with information from 
other sources has indicated that uni- 
formity of results is promoted by carry- 
ing out the circular track test continu- 
ously; that is, to operate 24 hr. a day 
until the track finally fails. The effect 
of extended shut-downs during the test 
is to increase the apparent life of the 
track, due possibly to a healing effect 
of the asphalt during the period of rest. 

Based upon the above-described ex- 
perience, the circular track test as now 
carried out in our laboratory for adhesiv- 
ity determination is as follows: 

The densely graded aggregate (trap 
rock) is mixed in a pug-type mixer with 
5.5 per cent of the 85 F. softening point 
asphalt to be tested, having the stone at 
150 to 160 F. and the asphalt at 300 to 
325 F. Ten batches of mixture, 300 lb. 
each, are prepared and laid in two layers 
in the trough of the track so that a hand- 
tamped layer of 3 in. approximate thick- 
ness is obtained. The temperature of 
the track room is maintained at 85 to 
90 F. during this operation. After 
placement of all the mixture, the tem- 
perature of the room is adjusted to 
90 + 5F. and the mixture allowed to 
cool until it reaches 90 to 95 F., when 
compaction is begun. This is accom- 
plished by running the track mechanism 
over the mixture for 1000 machine revo- 
lutions (approximately 2 hr.). 
compaction, the mixture is allowed to 
cure at 90 + 5F. for 16 hr. The den- 
sity of the final mixture is determined 
from the average thickness measure- 
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ments. After the curing period, the aggregate by the water-displacemen: § adhes 
track is flooded with a constant stream and shaking test procedures. In th utes ¢ 
of water, maintained at a constant tem- water-displacement test, the No, 4 | stripp 
perature to hold the track at90+1F., No. 10 sieve fraction of the washed ag grega 
and the machine is started. After each gregate was coated with the sam result 
500 revolutions, the water is drained asphalt as used in the track tests, cure ing t 
off, the loosened aggregate swept up and then placed for one day in wate § the t 
and the asphalt on the tires scraped maintained at 90 F., the same temper, Th 
off. The paving mixture is considered ture as the track tests. A visual « place: 
to have failed when 300 lb. cumulative timation of the percentage of the x track 
dry weight of both loosened aggregate gregate surface still coated with aspha 
and asphalt are obtained. By close was made after this exposure and term 
attention to all details, the track results the “adhesivity” at90F. 
100 — a 
e 80 2 
2 a Untre 
40 Treat 
Treati 
20F 
Treat 
ae } Treat 
4 by d 
2s tains 
10 000 20000 30000 40000 catec 
Track Life at 90 F., revolutions —_ 
Fic. 2.—Comparison of Paving Mixture Life on Circular Track and Adhesivity Value of Aspha me 
- can be made to agree within + 15 per For the shaking test, the } to pl in a 
| ; cent, although at times variations much portion of the track aggregate we hesiy 
- less are obtained. This rather wide coated with the asphalts under te tima 
range of deviation in results may be A 250-g. quantity of this mixture ¥ 9 accy 
7 1 due in part to the angular and splintery placed in a 16-o0z. flat type friction ty espe 
_ character of the trap rock used in these can, covered with water at approt sary 
7 tests. mately 77 F., and then placed in a sha J mor 
Correlation of Track Results and Labora- ing machine. The mixture was shake: Var 
tory Adhesivity Tests: in a horizontal plane at the rate of J! th 
Asphalt treated with various materials shakes per minute over a 6-in. stroke t 
for improving adhesivity and used in the Observations of the percentage rs on Ms 


circular track tests were also tested for gregate surface remaining coated we" 
adhesivity against the same trap rock made at stated time intervals and the 
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sment | adhesivity expressed as the total min- 2 yr. varied over a-surprisingly wide 
n th utes of shaking required to accomplish range as shown by the data presented 
4 stripping from 50 per cent of the ag- below: 7 
ad ag gregate surface. So far the shaking test : 
same results have not given values correspond- | Feb. | May, | Oct. 
cure ing to the improvements 
pH of contact 
wal the track. water.......... 8.8| 8.5| 8.3] 8.8] 8.5 
npers The data obtained on the water-dis- saiture, revo- 
al ¢ placement test, shaking test, and circular gue o 
= Water. Relative life.....}..... 3.4] 5.3] 3.4] 3.4 
Track | | shaking 
Asphalt These results indicate that the ad- 
of aggregate “Coated characteristics of paving mix- 
coated tures used in the field may vary widely 
Untreated.......| 11 050 5 | 29 due to differences in stone from the 
Treatment A..... 27 400 80 105 same source. 
D.....| 33 100| 70 to 80 GENERAL FOR IMPROVING 
Treatment KE... .. 39400) 80 43 HESIVITY 
4 Although this paper relates primarily 
Treatment H.....|38500| 90 | 75 to the measurement of the adhesivity 
= | of asphalts, some of the means which 
In Fig. 2, the adhesivity as determined have been employed for improving their 
by the water-displacement test at 90 F. adhesivity will undoubtedly be of in- 
is plotted against the track failure in terest. These may be grouped as fol- 
revolutions obtained at 90 F. with the lows: 
same asphalts. While this curve con- (a) Increasing the alkaline character 
tains no points between 5 and 60 ad- of the surfaces of the acidic aggregates 
hesivity, the trend is nevertheless indi- by either coating or treating the surface 
cated. Track life increases with in- with portland cement, lime, or analogous 
creased asphalt adhesivity. Above a materials. 
Asph value of 60, the improvement in track (b) Modifying the surface properties 
life increases greatly with small increases of the aggregate through treatment with 
‘0 7 @ in asphalt adhesivity. Since the ad- heavy metal salts. 
te ¥ hesivity values are based on visual es- (c) Modifying the properties of the 
T timation, it would appear that a more asphalts by the addition of various acti- 
ire accurate means of obtaining such values, vating agents such as the fatty acids, 
on t especially in the higher range, is neces- complex or organic compounds, heavy 
ppros sary for evaluating in the laboratory the metal soaps, etc. 
a shak more effective treatments for adhesivity. (d) Modifying both the surface prop- 
shake: erties of the aggregate by special treat- 
» of 5 th im Adhesivity of Stone from nents and the properties of the asphalt 
stroke _—— Source: by the addition of wetting agents. 
of ag The track life of asphalt paving mix- The efficacy of producing a thin coat- 
ed wert a made with trap rock received ing of portland cement over the surface 
and the ‘rom the same quarry during a period of of hydrophilic aggregates for improving 
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the adhesivity toward the subsequent 
- coating of asphalt will depend upon the 
adhesivity of the asphalt to the cement 
and upon the adhesivity of the cement 
to the aggregate. The use of lime for 
improving the adhesivity of asphalts 
has been employed for many years, but 
_ it may be said that the incorporation of 
lime or hydrated lime into the asphalt 
as a filler or its application to dry ag- 
gregate does not appear to alter the true 
adhesivity properties of the asphalt. 
In the case of water-drenched aggre- 
_ gates, however, lime pretreatment of the 
aggregates appears to promote the 
spreading and subsequent adhesivity 
of asphalts containing certain adhesivity 
promoting agents. It may be rather 
surprising to point out that the lime 
pretreatment is very effective when ap- 
plied to alkaline aggregates such as 
limestone. 

The application of heavy metal salts 
to the hydrophilic aggregates for im- 
proving subsequent asphalt adhesivity 
appears to be quite effective, particularly 
when the asphalt contains some added 
activating agent. This procedure, how- 
ever, does not appear to be particularly 
advantageous when the asphalt has been 
treated with the proper amount and kind 

of an effective activating agent. 

_ As already mentioned, improved ad- 
hesivity can be obtained by the addition 
of an activating agent or adhesivity 
promoter to the asphalt. For this 
purpose, fatty acids, fats, complex 
organic compounds, and heavy metal 
soaps have been proposed. The present 
information indicates that the best 
results are probably obtained by the 
heavy metal soaps such as the alumi- 
num, iron, and lead soaps, and certain 
high molecular weight organic com- 
pounds whose selection is generally a 
matter of trial and error. 

The improvement of adhesivity by 
modifying both the surface properties 


>. 


HOLMES ON ADHESIVE PROPERTIES OF ASPHALT 


of the aggregate by special treatment 
and the properties of the asphalt by 
the addition of wetting agents as com. 
pared with the separate procedures yj 
generally depend upon relative costs 
When using heavy metals, the mos 
economical procedure results by thei 
incorporation entirely in the asphalt as 
heavy metal soaps. For certain 
fractory aggregates, however, in a wet 
condition, it has been found that pre. 
treatment of the aggregate and the ip. 
corporation of a heavy metal soap int 
the asphalt is the best means for obtain. 
ing a coating having permanent ai- 
hesivity. 

It is interesting to note that some ad- 
hesivity agents appear to require the 
presence of moisture for their best effect, 
since their application to dry aggregate 
decreases their apparent adhesivity 
In addition to the differences in treat- 
ment required when coating dry and wet 
aggregates, the problem of adhesivity is 
further complicated through the fact 
that agents may not have the same effec 
tiveness when applied in hot asphalt 
as when they are incorporated int 
liquid or cutback asphalts. 


Improvement in Adhesivity Obtained by 
Various Treatments: 


The relative effectiveness, as measured 
by the circular track test, of various 
treatments for improving asphalt at 
hesivity are indicated by the following 
figures: 


Treatment of Asphalt Relative Life 
Binder of Track 

Untreated. . 

Fatty acid No. 

Fatty acid No. 

Fatty acid No. : 

Lead soap No. 

Lead soap No, 2. 

Lead soap No. ; 

Lead soap No. 

Lead soap No. ! 

Lead soap No. 

salt on aggregate. 
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These data are interesting in showing 
the differences obtained with different 
fatty acids and different lead soaps. 
The maximum improvement obtained 
corresponds to a relative track life of 
388 times that of the untreated asphalt. 


SUMMARY 


In the investigation of means for 
improving the adhesivity properties of 
asphalts, various small-scale laboratory 
procedures have been developed of which 
the water-displacement test at 140 F. 
appears to be the best on the basis of 
present information. In order to ob- 
tain results of a more practical character, 
circular track tests have been made and 
a standard procedure of test developed. 
From the circular track test it appears 
that by the use of suitable wetting 
agents in the asphalt, relative improve- 
ment in pavement life up to 3.88 times 
that of untreated asphalt can be ob- 
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tained. An approximate correlation be- 
tween the water-displacement test and 
circular track test has been indicated | 
which, however, requires further data 
for its better establishment. The treat-_ 
ment of the asphalt to obtain successful 
coating and subsequent permanence of | 
the coating from an adhesivity stand- 
point varies somewhat depending upon 
whether the aggregate is in a dry or wet 
condition. 

There still remains considerable work 
to be done to develop a small-scale 
laboratory adhesivity test of a quanti- 
tative nature and which can be cor- 
related with road results. 

The present work has been limited 
to the use of petroleum asphalts used 
straight and in the form of cutback 
asphalt, but investigations are pro- 
ceeding in other laboratories seeking to 
improve the adhesivities of asphalt emul- 
sions through various means. a 
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. asphalt at various temperatures 
_ with asphalts of various softening points 
at 90F. 


a Imperial Oil Limited, ‘Sarnia, Ont., 


DISCUSSION 


Mr. C. Mack! ( presented in written 
form).—Mr. Holmes is to be congratu- 
lated upon his paper describing various 
methods for the evaluation of the 
adhesive properties of asphalt. Such 
methods are becoming engineering tools 
for the determination of the resistance 
of bituminous pavements against the 
action of water. 

The property of an asphalt to resist 
displacement by water from an aggre- 
gate is called ‘‘adhesivity” by the author. 
In physical terms, ‘‘adhesivity”’ is equiv- 
alent to the energy which is directed 
against the interfacial energies in a 
system consisting of aggregate, asphalt, 
and water. This energy is equal to: 


E= Saggregate/asphalt Saggregate/water 
= Sasphalt/water 


where S denotes the interfacial energy, 


- and the suffixes denote the interfaces. 


If the energy E is zero or positive, the 
water will displace the asphalt from the 
aggregate. ‘This relationship does not 
take the time of displacement into con- 
sideration, and the rate of displacement 
is mainly a function of the viscosity of 
the asphalt. Therefore, the methods 
described measure ‘adhesivity” plus 
binder effect of the asphalt. This is 
especially borne out by the results ob- 
tained on the circular track with one 
and 


The } diferent laboratory methods for 


1 Research Chemist, Technical and Research Division, 
Canada. 


the evaluation of the adhesive properties 
of asphalts have the drawback that the 
interpretation of the results depends 
upon visual examination. The write 
agrees with Mr. Holmes with regard tp 
the difficulties encountered when a. 
tempts are made to place the laboratory 
methods on a quantitative basis. In 
this regard the circular track is a valu. 
able testing device which approaches 
conditions on the road and yields results 
that are in good agreement. 

The improvement in adhesion ob- 
tained by the addition of agents to the 
asphalt or by pretreatment of the aggre- 
gate are very interesting, and are a 
valuable contribution, leading finally 
to better and cheaper bituminous pave- 
ments. 

Mr. W. H. Herscuer.*—I should 
like to ask why a visual estimation was 
made of the percentage of surface cov- 
ered. Could it not be estimated from 
the weight of the coating material? 

Mr. Aucust Hotmes.*—Not neces 
sarily, because sometimes the asphal! 
merely collects upon the rock in little 
“gobs” or droplets, and is not com 
pletely removed from the rock. Some 
may float off, but they generally do not 
It is necessary to estimate the expose! 
surface according to the eye. I migh! 
mention that we have tried to evaluate 
the exposed surface through compat: | 
tive methods by using the absorptive 
power of wet aggregate when immers¢i 
in a standard dye solution. In this we 


2 ‘Associate Materials Engineer, National Bureau “ 
Standards, Washington, D. C. 
N “Chemist, Standard Oil Development Co., Elizabe 
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ran into difficulties because, although 
asphalt is sometimes apparently dis- 
placed from the rock surface, a thin 
resinous film very often occurs which 
prevents the absorption of the dye. 
After running a large number of tests, 
we have concluded that a visual estima- 
tion is the best that can be done. 

Mr. A. J. KRArEMER.*—The last 
statement prompts a question. Is there 
any relationship between the resin 
content of asphalt and the adhesivity? 

Mr. Hotmes.—We have never 
directly taken up the effect of resin 
content. I might answer it indirectly: 
We have taken asphalts of the same 
softening point from different sources, 
which would vary in their resin content 
from a relatively small to a relatively 
large amount, and have found that they 
all yielded practically the same results 
lying within experimental error or within 
a slight deviation from it. 

Mr. KRAEMER.—Despite the differ- 
ence in the resin content, is the ad- 
hesivity about the same? 

Mr. Hotmes.—Yes, about the same 
for untreated asphalts from different 
sources. 

Me. A. W. Dow.'—Referring to Mr. 
Herschel’s comments, we are trying in 
the Colprovia laboratory to separate 


‘the coated from the uncoated aggre- 


gates, after the washoff test, by the use 
of heavy solutions. The uncoated por- 
tion of the aggregate sinks while the 
coated portion floats. Of course, this 
method is not entirely satisfactory 
because portions of the aggregate may 
be only partially stripped so that some 
of the material sinks while the rest 
floats, but even so it is better than 
guessing from a visual examination. 

In Mr. Holmes’ paper there is a point 
to which I wish to call attention: 


, ‘Senior Refinery Engineer, U. S. Bureau of Mines, 
AN ashington, D. 
Paving Engineer, A. W. Dow, Inc., New 
City, 
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namely, in several of the methods which 
he describes only that portion of the 
aggregate between 4 and 10 mesh is 
examined. The results obtained from 
such tests are valueless unless, of course, 
the aggregate is to consist of only 4- to 
10-mesh material. If such tests are to 
be of value, the entire aggregate as used 
in the pavement or roadway, from coarse 
to fine, must be tested together. In 
many cases, tests on the aggregate 
retained on the No. 10 sieve will give 
contrary results to tests on the aggregate 
passing the No. 10 sieve. For example, 
a paving mixture made with straight 
Ottawa sand graded from No. 10 to pass- 
ing No. 200 sieve will not stand up 
satisfactorily in the washoff test. If the 
80- and 200-mesh silica dust is replaced 
by certain limestone dusts and 0.5 per 
cent of hydrate of lime is added, a mix- 
ture is obtained that is most satisfactory. 
If the Ottawa sand is washed with dilute 
hydrochloric acid, mixtures will stand 
the washoff test without the necessity of 
replacing the fine 80- and 200-mesh silica 
filler. This is evidence that the pH 
value of the aggregate, or its alkalinity 
and acidity, is not a governing factor in 
this phenomena. 

We have found the washoff test in- 
valuable in the selection of aggregates 
and in the improvement of aggregates 
already in use. 

Mr. J. S. Holmes 
refers to using materials of 85 F. soften- 
ing point. This may or may not indi- 
cate materials of about hot-road-oil 
consistency. Can Mr. Holmes give us 
results when using harder materials, 
such as asphalt cements suitable for 
sheet asphalt or asphaltic concrete of 
say about 120F. softening point, or 
perhaps slightly lower of about 110 F., 
such as might be used in stone mixtures 
intended for laying cold? 


6 Technical Adviser, Barber Asphalt Corp., Barber, 


a 


™ 


Mr. 
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Hotmes.—Our track went 
through a series of tests with asphalts of 
increasing softening point, and as far 
as our conditions were concerned the 
limit was found to be about heavy flux. 
When using binder “C,” the operations 
of the track were erratic, and we were 
unable to get results of any value. 

Mr. MILLteR.—In other words, the 
asphalts reported upon are probably 
liquid bituminous products rather than 
semi-solid ones and are similar to hot 
road oils rather than asphalt cements? 

Mr. Hormes.—Yes. 

A Memper.—Mr. Dow’s comments 
suggest the thought that the difference 
between the behavior when silica dust 
was present and when limestone dust 
replaced the silica dust is the probability 
that calcium soaps are formed of the nat- 
urally occurring petroleum acids in the 
asphalt, which would tend to increase 
the adhesiveness of the asphalt. Prac- 
tically all asphalts as far as we know do 
contain some natural occurring acids, 
which under heat would react with the 
limestone. 

Mr. Hormes.—-In reference to some 
of the questions on dust, we found out 
early in the operation of the track that 
it was impossible to obtain consistent 
results when the stone was in a dusty 
condition, and that we had to wash the 
aggregate in order to obtain uniformity. 
One of our greatest troubles in operating 
the track has been to obtain consistent 
results within reasonable limits of the 
deviations of thedata. There isa recent 
German article,’ however, which states 
that the presence of dust on the aggre- 
gate promoted adhesivity, so that ques- 
tion appears to be still unsettled. 


7H. Mallison and H. Schmidt, Asphalt und Teer Stras- 
senbautechnik, Vol. 31, No. 4, January 25, 1939, pp. 51-54. 
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As to the question of the alkalinity of 
aggregates, in the early work with which 
I am familiar, the alkalinity of the 
aggregate was supposed to have a great 
influence, but after several years now 
we have found that that does not furnish 
any reliable indication. By the alka- 
linity of an aggregate we mean the pH 
value of the contact of water. The dust 
we have been using in our track mixtures 
is from the aggregate employed. This 
was intentionally done since it was 
desired to have only one variety of aggre- 
gate present and thereby avoid compli- 
cations which might be attributable to 
admixtures of other materials. We 
admit that this differs somewhat from 
occasional paving practice. We have 
found by cut-and-try methods that to 
obtain adhesivity measurements in the 
laboratory we should not use smaller 
than 10-mesh material. By the intro- 
duction of fine filler the viscosity of the 
asphaltic binder is increased, which will 
tend to make the displacement of the 
asphalt a little more difficult. This isa 
practical consideration which we realize 

Mr. Dow.—We find a great difference 
in aggregates. In some cases the fines 
naturally associated with the aggregate 
are detrimental and have to be replaced, 
while in other cases, the fines are most 
beneficial. We have a most remarkable 
sand at Bedford Hills, N. Y. The 200- 
mesh material, which is entirely siliceous, 
is most hydrophilic and its presence in 
mixtures adds greatly to their resistance 
to water action. 

I hope my remarks have indicated the 
great necessity for testing asphalt mix- 
tures containing the entire aggregate 
from the coarsest to the finest, if the 
results are to be of any value as guides 
to practical work. 
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SOME FACTORS 


AFFECTING 


By 


Considerable information is available? 
on the temperature-consistency relation- 
ships of asphalt cements. However, 
there is scant information available 
regarding the change in strength or 
stability of asphalt paving mixtures with 
change in temperature. It is the purpose 
of this paper to present some data on 
this subject as they were recently 
obtained in our laboratory. 

The compression test was used as the 
measure of strength or stability because 
of the correlation it has shown with serv- 
ice performance of mixtures.* All com- 
pressive strength data given in this 
paper were obtained on _ cylindrical 
briquets 2 in. in diameter by 1 in. high. 
The mixtures were made in a small 
laboratory mixer having an elliptical 
bottom mixing bowl in which the in- 
gredients are mixed by a paddle or 


' Chief of Paving Research, Technical Bureau, Barber 
Asphalt Corp., Barber, N. J. 
; *H.E. Schweyer, C.E. Coombs and R. N. Traxler, “The 
usceptibility of Asphalts to Temperature Change,” Pro- 
ceedings, Am. Soc. Testing Mats., Vol. 36, Part II, p. 531 
936). (These authors have included many valuable 
references.) 
*Roland Vokac, “Correlation of Physical Tests with 
Service Behavior of Asphaltic Mixtures, I and II,” 
roceedings, Assn. Asphalt Paving Technologists, 
anuary and December, 1937, respectively. 


THE THERMAL 
ASPHALTIC PAVING MIXTURES 


ROLAND VOKAC! 


SYNOPSIS 


The compressive strength of asphalt mixtures at various temperatures is 
used to evaluate a mixture susceptibility index. 
found to vary with mixture composition, kind of asphalt cement used in 
the mixture, and temperature of the mixture. 
mixtures that the thermal susceptibility of the mixture varies according to : 
the thermal susceptibility of the asphalt cement. 
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SUSCEPTIBILITY OF 
Thermal susceptibility is 


It is shown in comparable 


beater’ traveling with a planetary mo- 
tion.’ Mixtures made in this mixer 
have been checked against those made in 
our laboratory pug mill, which in turn 
have been found equivalent to those 
made in large-scale mixers in an asphalt 
plant. The mixtures were made at 
325 F. and the briquets at 305 to 315 F. 
in molds which were at 310 F. The 
proper weight of mix for each briquet 
was compressed in its mold in a Carver 
laboratory press between two opposed 
plungers under a load of 5000 psi. 
maintained for 10 sec. and then released. 
The briquets were chilled in the mold in 
water before removal. 

The compressive strengths were ob- 
tained the day following manufacture 
and briqueting of the mixtures. They 
were tested after 1 hr. in a water bath 
maintained within + 1 per cent of 34, 
77 or 140 F. The testing machine used 
was a hydraulic Baldwin-Southwark 
compression tester® equipped so that 


4 Kitchenaid Mixer, Model G, Hobart Manufacturing 
Co., New York City. 

§ Roland Vokac,‘‘Compression Testing of Asphalt Pav- 
ing Mixtures,” Proceedings, Am. Soc. Testing Mats., 
Vol. 36, Part II, p. 552 (1936). 
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the rate of compression could be accu- 
rately controlled at any speed within 
rather wide limits. Each briquet was 
tested at the rate of 0.05 in. per minute. 

Each value of the compressive 
strength given is the average compressive 


Ductility at 77 F. = 150 cm.+. 
Note 2.—The sand has the following gradation: 


Passing No. 10, retained on No. 40 sieve. . 
Passing No. 40, retained on No. 80 sieve.. 
Passing No. 80, retained on No. 200 sieve. 


VoKAC ON THERMAL SUSCEPTIBILITY OF ASPHALT 


Retained on No. 10 sieve... 


Norte 3.—The filler is limestone dust having 95 per cent passing the No. 200 sieve. 


use of various typical asphalt cements jy 
mixtures. These data, which includ 
mixture compositions, identification of 
the ingredients and characteristics of the 
mixtures are given in Tables I and Jj 


TABLE I.—INFLUENCE OF MIXTURE COMPOSITION ON TEMPERATURE SUSCEPTIBILITY oj 
MIXTURE STRENGTH. 


| Mixture Temperature Susceptibility Characteristics 
Composi- Compressive | 
tion, per cent Character Strength, psi. 
Mix —— Mixt 
Susee 
Oil p= all +, 
As- Voids in Mix, | Inder 
Filler, Bitumen | Filler per cent | 77F. 140F. at 
ment 
No. 1 8.0 12.1 | Low Normal 8.2 (High) 1925 | 698 80 = 142 | 2.5 
No. 2.....| 9.6 | 11.9 | Normal | Normal 4.5 (Normal) | 1895 | 655 75 p = 4574¢-0-0u0T _ 96, 2.72 
No. 3.. 11.2 | 11.7 | High Normal | 1.4 (Low) 2200 | 600 | 73 Pp = 5959¢-0-0207T _ 73 3 
No. 4.....| 9.6 | 5.0! Normal | Low 8.0 (High) 1650 | 510 | 39 DP = 4030¢-0-0m8T _ 34 
No. 5 9.6 | 18.3 Normal | High 1.5 (Low) 2360 | 830 | 139 | p = S61S¢~0-0msT 44 
Nore 1. Asphalt cement is 50 penetration Venezuelan vacuum refined. Melting point (ring and ball) = 124 F 


Per cent by weight 


TABLE II.—TEMPERATURE err MADE WITH VARIOUS ASPHALT 
CE} Ss. 


strength of three briquets of the same 
mixture. In every case the average 
deviation is less than +2.5 per cent. 


DATA 


Data have been obtained showing the 
effects of mixture composition and the 


Asphalt Cement | Strength, psi. | 
Asphalt C t | | bT 
i P 3 ~ 
= Used in Mix | .2 ag 
| 
No. 6....| California® 60 118 | 150+) 13.7 2175 570 68 p = 6488¢e~0-03147'— 20 3.25 140 
No. 7....| Mid-Continent® | 39 | 130 | 150+ 12.1 2795' 850 113 p = 6970e-0-02657 —58 2.83 163 
No. 8....| Venezuelan® 51 124 | 1504+) 11.7, 2190 720 | 102 | p = 5200e~0-0%67'—64 2.68 181 
No. 9....| Venezuelan 72 | 120 | 150+, 11.6 17301 590 86 | p = 3995¢-0-0287 61 2.61 | 174 
No. 10....| Mexican® 54 133 72 11.4 2050 750 132 p = 4540¢-0-0287T — 68 2.43 165 
No. 11....| Trinidad 49 | 127 60 | 11.1 2065) 


770 | 145 p = 4135e-0-T—93 | 2.29 | 216 


® These asphalts were used in presentation of ‘Viscosity Index,” R. N. Traxler, and H. E. Schweyer, ‘‘Rhec 
Properties of Asphalts III. A Viscosity Index,’’ Physics, Vol. 7, February 1936, pp. 67-72. 

© A.V.I. (asphalt viscosity index) has been converted from Centigrade to Fahrenheit scale of temperature. | 

Note.—The percentage bitumen by weight is constant at 9.8 per cent for all the above mixtures. The sand-t 
ratio is also constant at 5/1. The sand grading is the same as that used in the mixtures for Table I. 


Data showing the influence of mixture 
composition on the susceptibility 4 
compressive strength to change in tem- 
perature are shown in Table I, and data 
for the susceptibility of comparable 
mixtures containing various types 
asphalt cements are shown in Table II. 
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Temperature Susceptibility Measurement: 


We have used the A. V. I.? “asphalt 
viscosity index” developed in our labora- 
tories to evaluate the viscosity-tem- 
II perature susceptibility of the asphalt 
cements: 


AVI. 


100 (10° — 1) 
100(./na)! —1.. 


.(1) 


where 7. and yu are the viscosities in 
poises of the asphalt cement at tempera- 
‘ity tures 7. and 7',(in degrees Centigrade), 
respectively. 

This is derived from the viscosity- 
temperature equation: 


logn = aT + logd....... (2) 


where is the viscosity in poises of the 
asphalt cement at temperature 7 in 
degrees Centigrade. a and 6 are con- 
stants. 

The A. V. I. evaluates the percentage 
change in viscosity of an asphalt cement 
for an increment of one degree rise in 
temperature. 

The A. V. I. is a function of the slope, 
a, of the line represented by Eq. 2. 
Therefore, the relative susceptibility of 
viscosity to temperature can be referred 
to the slope, since from Eq. 2, 


100 dn/aT’ 
No 


i where a’ = a log 10. 


-and-Ball 


ftening Point 


erature, psi 


= (a log, 10)100 


Equation 3 states that the percentage 


logical rate of change in viscosity with respect 
m ‘o temperature is a constant. ‘This dif- 
m fers from the A. V. I., Eq. 1, only by the 

| fact that the A. V. I. represents the 
a percentage change in viscosity for an 
Aes increment of 1 deg. rise in temperature. 
re The expression (a log, 10) 100, from 
bers Ea 3, would give equally good compara- 
vase lve data regarding asphalt susceptibility 


as that obtained from the A. V. I., but 
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its meaning is perhaps more difficult to 
grasp than that of the A. V. I. 

The data obtained for this paper show 
that the relation of mixture strength 
susceptibility to change in temperature 
is amenable to the same analysis. The 
only point of difference is the presence 
of a third constant, as shown in Eq. 4. 

log. (p — c) = log.a + OT...(4) 
where p is the compressive strength in 
pounds per square inch, 7 is the tem- 
perature (in degrees Fahrenheit), and 
a, b, and ¢ are constants. 

The percentage rate of change of 
compressive strength with respect to 
temperature is a function of the com- 
pressive strength, since 


100 = 1005 (1 “)..(5) 


In order to evaluate the constants in 
Eq. 4, it is only necessary to know the 
compressive strength at any three tem- 
peratures. A simpler method, however, 
results when the three compressive 
strengths are determined at three equally 
spaced temperatures so that f; is 
measured at 7), po at T2, and p; at 73 


on r The constant c may then 
be easily evaluated by Eq. 6, as — 
= (6) 
pi + po — 


The values of c, p, and T are then sub- 
stituted in Eq. 4 for evaluation of a 
and 6. These constants may also be 
determined graphically by plotting log 
(p — c) against 7. 

The percentage rate of change in 
mixes is a function of compressive 
strength at any given temperature, and — 
in order to compare with the A. V. I. 
data pertaining to the asphalts it should 
be evaluated within the range of tem- 
peratures selected for the A. V. L. 
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The temperature range for the A. V. I. 
of various asphalts given in Table IT is 
from 15 to 35 C. (59 to 95 F.) or for an 
average temperature of 25C. (77 F.). 
The mixture susceptibility indices 


(M.S.I.) given in the tables are cal- 
culated by Eq. 5 for the values of p at 
77 F. It may be pointed out that at 
low temperatures the M.S.I. (Eq. 5) 
approaches the value of 100 6 (100 times 
slope) since p becomes very large with 
respect to the constant c. At high 


TABLE II.—MIXTURE SUSCEPTIBILITY INDEX 
(M.S.1.) AT VARIOUS TEMPERATURES. 
(a) Mixtures ILLUSTRATING Errect oF MIxTURE 
COMPOSITION, 


Mixture Com- | | MS.I. at Temperatures 
position, per cent Given 
1006 |- 
| 
Asphalt Filler 34 F. 77 F. | 140F. 
Cement | | 
| | 2.28 | 2.56 | 6.15 
9.6 11.9 2.40 2.51 | 
11.2 11.7 2.92 2.95 3.03 | 3.94 
9.6 | 5.0 2.48 2.61 2.89 7.84 
: 9.6 18.3 | 2.44 2.48 2.57 3.21 
(b) Mixtures Mape wits Various AsPHALTS. 
M.S.I. at Tem- 
pale peratures Given 
Asphalt Cement | | 4% 
Callifornia............ 60 | 118 |3.14 3.16 3.25 3.60 4.06 
Mid-Continent....... 39 | 130 2.65 2.71 2.83,3.59 4.01 
Venezuelan 124 (2.46 2.53 2.68 3.33 4.00 
Venezuelan........... 72 | 120 |2.36 2.44 2.61.3.19 4.03 
49 127 |2.04 2.13,2.29'2.92 3.35 


temperatures, however, where p is small, 
the M.S.I. becomes very large (c has 
negative values). Supplementary data 
showing the M.S.I. at various tempera- 
tures are given in Table ITI. 


Effect of Mixture Composition: 

In Table I a normal mixture composi- 
tion, found satisfactory for the sand, 
filler, and asphalt cement used, has been 
modified successively in two ways. 
First, the bitumen is varied from lean to 
rich proportions, and, secondly, the filler 
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has been varied from a deficient quantity 
to an excess. The actual data at three 
temperatures, the derived equation, ané 
the M.S.I. are given for each. 

It will be observed that increasing the 
bitumen content results in increasing 
values of the M.S.I. at 77F., whik 
increasing the filler content results jr 
decreasing values of the M.S.I. at 77} 
Referring to Table III, part (a), how. 
ever, shows that at low temperature th 
effect of variation in the bitumen content 
is by far more pronounced than the 
change due to variation of the filler 
The M.S.I. at low temperature 
primarily a function of the bitumer 
content while at normal and high ten- 
peratures it is affected both by bitumen 
and filler content. 


Effects Due to Various Asphalt Cement 


In Table II are the data for mixture: 
containing different asphalt cements 
It will be noted that the A.V.I. is not 
dependent upon penetration, softening 
point, or ductility of the asphalt cements 
used. ‘The mixtures have been arranged 
in decreasing order of the A.V.L. of the 
asphalt cements used, and the MSI 
in the next to the last column follows tl 
same order of susceptibilities. It a] 
pears, then, that the susceptibility 
mixtures is dependent upon the suscep- 
tibility of the asphalt cements used. 

The two Venezuelan asphalt cements 
of 51 and 72 penetration have beer 
included to illustrate the effect of coi 
sistency of the asphalt cement from 
given source and method of processing 
on its A.V.I. and on the M.S.I. of t 
mixtures in which they are used. Th 
harder Venezuelan asphalt of 51 pen 
tration has only a slightly higher A.V 
than the softer 72 penetration Ven 
zuelan. The M.S.I. of the corresponding 
mixtures show the same relationship 
The difference between the A.V.I. ané 
M.S.I. of the two Venezuelan asphat 
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spot as great as that between the 51 
genetration Venezuelan and 54 penetra- 
tion Mexican. It follows, therefore, 
hat using a softer asphalt from a given 
surce and method of processing may 
sult in lowering the M.S.I. somewhat. 
However, inspection of the data shows 
that the M.S.I. as well as A.V.I. is more 
markedly influenced by the source and 
method of processing than by the con- 
istency (penetration) at a given tem- 
perature. 

Compressive strengths at the ring- 
and-ball softening point temperature 
are included in the last column of Table 
lI. These data show that the softening 
point of the asphalt cement has no direct 
bearing upon the compressive strength 
ofa mixture. A mixture made with an 
asphalt cement having a low softening 
point is not necessarily weak or unstable 
atan elevated temperature. 

In Table III, part (6), the M.S.I. at 
various temperatures shows the same 
general order but vary with respect to 
each other in degree. The M.S.I. of 
the first four mixtures are nearly alike at 
40F. though markedly different at 
lower temperatures. 


CONCLUSIONS 
Practical conclusions which the data 
imply may be summarized as follows: 
1. The susceptibility of a mixture 
increases with the bitumen content at 
temperatures in the neighborhood of 
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77 F. and lower. At temperatures ap- 
proaching 140 F., the order of suscepti- 
bility is reversed. 

2. Although, in general, additional 
filler decreases the susceptibility of a 
mixture made with a given asphalt, this 
effect is less evident at low temperatures. 

3. The source and method of process- 
ing an asphalt markedly influences the 
susceptibility of a mixture in which it 
is used. 

4. Using a soft asphalt in place of a 
harder one from a given source and 
process may decrease the M.S.I. at 
temperatures up to 77 F. or higher; but 
the soft asphalt may result in greater 
susceptibility at temperatures about 
140 F. 

5. The ring-and-ball softening point 
of a paving asphalt cement apparently 
has no direct influence on the strength 
or the M.S.I. at the softening point 
temperature. 

6. In comparable mixture composi- 
tions, the M.S.I. at 77F. varies 
according to the A.V.I. of the asphalt 
cements used. 


We may logically infer, therefore, that 
in order to obtain mixtures having 
similar physical characteristics such as 
susceptibility, strength, voids, etc., using 
asphalts from different sources, the 
mixtures must be proportioned individ- 
ually to suit the unique characteristics 
of each asphalt. 


three 
2 
al 
te 
the 
I 
how- 
Une 
ntent 
fe 4s 
tem- 
umen 
vent 
‘Lures 
lents 
ing 
ening 
nents 
inged 
f the 
[SI 
ISCEp- 
d. 
nents 
COL £ 
‘om 
essing 
one 
naing 
nsnl 
i 
halts 
3 


DISCUSSION 


Mr. T. W. Tuomas” (presented in 
written form)._-Mr. Vokac’s paper con- 
tributes much toward the attainment of 
a more fundamental understanding of 
asphalt pavement behavior. The in- 
crease in compressive strength of mix- 
tures with decrease in temperature may 
be expected to hold over wide limits in 
temperature. However, some work per- 
formed in our laboratory would indicate 
that tensile strength may increase to a 
maximum and then become less with 
decreasing temperature. The  pro- 
nounced effect of slight eccentricities in 
loading upon the tensile strength of brit- 
tle materials may easily explain this dif- 
ference between compressive and tensile 
strength. 


1 Senior Engineer, Minnesota State Highway Dept. - 
University of Minnesota, Minneapolis, Minn. 


Referring to conclusion 5 of the paper 
one would not expect to find a relation 
between M.S.I. and softening point tem 
perature since all of the asphalts cou! 
have been produced to the same soften. 
ing point. However, Table II indicates 
reasonably good agreement between the 
compressive strengths of the various 
mixtures at their respective softening 
point temperatures. Perhaps the varia 
tions shown may be accounted for by the 
degree of departure of the various as 
phalts from viscous flow or by differences 
in their rate of age hardening. The Cal. 
fornia asphalt, lowest in mixture com 
pressive strength at the softening poin' 
temperature, is perhaps the most tru 
liquid material and has the smallest rat 


of age hardening. 
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THE DETERMINATION OF ORGANIC SULFUR IN GASES BY THE 


CATALYTIC HYDROLYSIS METHOD 


By LAWRENCE T. 


A new analytical method for determining organic sulfur in gas alae 
is described. The method avoids the use of a flame or any exposed hot body 
and depends on the possibility of converting the organic sulfur compounds 
to hydrogen sulfide in contact with activated alumina at an elevated tem- 
perature. Any oxygen and hydrogen sulfide which may be present in the 
gas are first removed by an acidic chromous chloride solution and by an alka- 
line cadmium chloride solution, respectively. The gas is then passed through 
a bed of activated alumina held at 500 C., after which the hydrogen sulfide 
formed from the organic sulfur compounds i is absorbed in a cadmium chloride 
solution and determined by iodimetric titration. 

The method and apparatus are described in detail. A description of the 
method of preparation of the acidic chromous chloride solutions is included. 
All refinements in technique and necessary precautions to be observed are 
given. The method is accurate to within 5 per cent when the gas contains 
0.5 to 15.0 grains of organic sulfur per 100 cu. ft., and to within 20 per cent 
when the gas contains 0.002 to 0.05 grains of organic sulfur per 100 cu. ft. 
The presence of thiophene or of iron carbonyl] in the gas lead to low results. 


SYNOPSIS 


In 1929 the use of the burner method 
for the determination of organic sulfur 
in various plant gas mixtures at the 
Belle Works of E. I. du Pont de Nemours 
and Co. was discontinued because of the 
accompanying fire hazard in many plant 
areas. A new analytical procedure was 
developed, which avoided the use of a 
lame or any exposed hot bodies, based 
on the possibility of converting the 
organic sulfur to hydrogen sulfide in 
contact with activated alumina as a 
catalyst. Hundreds of analyses have 
since been made by this method. The 
gas to be analyzed is first freed from 
oxygen by means of an acidic chromous 
chloride solution, and from hydrogen 


‘Chemica Engineer, E. I. du Pont 
Nemours and Co., Charleston, 
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sulfide by means of a slightly alkaline 
cadmium chloride solution. The gas 
then is passed through a bed of activated 
alumina at 500 C., after which the 
hydrogen sulfide formed from the or- 
ganic sulfur compounds is absorbed in a 
cadmium chloride solution and deter- 
mined by iodimetric titration. 

Figure 1 gives a diagrammatic sketch 
of the apparatus and Fig. 2 shows an 


analyzer ready for use. _ 


Variations in duplicate analyses on a 
gas containing 0.5 to 15.0 grains of 
organic sulfur (presumably largely car- 
bon disulfide and carbon oxysulfide) vill 


Accuracy of Method: 


100 cu. ft. (0 C., 760 mm., dry) will 
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average about 3 per cent and will not 
exceed 5 per cent, and on a gas con- 
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The method requires only two 


Time Required: 


taining 0.002 to 0.05 grains of organic three hours for gas containing 5 grain. 
g g g g & grat 


Glass Woo/._ 


Rheostoat 


Catalyst A/> Ox 1 


Fic. 1. 


Diagrammatic Sketch of the Analyzer. 


Fic. 2.—Analyzer Ready for Use. 


sulfur per 100 cu. ft. the variation will 
not exceed 20 per cent. These per- 
centage figures also approximate the 
absolute accuracy of the method. 


of organic sulfur per 100 cu. ft., but 
requires about two days for gas col 
taining only 0.005 grains of organ 
sulfur per 100 cu. ft. 
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Conversion of Organic Sulfur to Hydrogen 

Sulfide: 

The main sulfur-containing com- 
junds present in coke water gas, other, 
than hydrogen sulfide, are carbon disul- 
ide and carbon oxysulfide. The mech- 
anism by which these compounds are 
converted to hydrogen sulfide in contact 
vith an alumina catalyst is believed to 
ve hydrolysis. The following equations 
probably represent the reactions taking 
place: 


CS. + 2 HO — + 2 HS 
cOS+ H,O —CO.+ HS 


Using equilibrium constants for these 
actions derived from thermo- 
dynamic relationships it has been cal- 
culated that at 500 C. in a gas free of 


hydrogen sulfide and saturated with 
water vapor at 20 C. the organic sulfur 
compounds will be practically quanti- 
atively converted to hydrogen sulfide 
even if the percentage of carbon dioxide 
in the gas is as high as 25 per cent. 
Experimentally, hydrolysis has _ been 
found to be practically complete for 
gases containing from 0.002 to 15.0 
grains of organic sulfur per 100 cu. ft. 


Adion of Catalyst: 


Regarding the mode of action of the 
catalyst it has been reported* that the 
mechanism consists in a sulfiding of the 
catalyst followed by immediate hydrol- 
ysis of the sulfide yielding hydrogen 
sulfide and the regenerated oxide. Acti- 
vated alumina also is known to adsorb 


carbon disulfide, carbon oxysulfide, and 
water vapor by what is supposedly 
surface adsorption. This fact will cause 
the method to give erroneous results 
unless certain precautions, discussed in 
the method, are closely adhered to. 


‘ B. Neumann and E. Altman, ‘‘The Catalytic Reac- 
bo Between Carbon Disulfide and Steam,” Zeitschrift 
w Elektrochemie, Vol. 37, p. 173 (1931) 
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Effect on Thiophene: 


Thiophene has been found to be only 
partially converted to hydrogen sulfide 
by alumina at 500C. Thiophene is 
presumably not present in appreciable 
quantity in gas derived from coke. No 
study has been made of the action in 
this analyzer of organic sulfur com- 
pounds other than the three already 


mentioned. 
APPARATUS 


General Assembly: 


The equipment is housed in a wooden 
frame approximately 25 in. high, 27 in. 
long, and 63 in. wide, boarded shut on 
one side and open on the other (Fig. 2). 
A vertical partition is placed 7} in. 
from one end, and the catalyst tube 
and rheostat occupy the section there 
formed. In the other larger section a 
shelf is placed 12 in. from the bottom 
on which the six absorption bottles 
constituting the preliminary scrubbing 
train are placed. These six bottles are 
conveniently placed in two parallel 
groups of three each, a piece of glass 
tubing connecting the last of the first 
trio with the first of the second. On 
the lower shelf or floor are placed the 
two bottles in which the hydrogen sul- | 
fide to be titrated is absorbed. 


Design of the Electric Heater: 


Two pieces of transite board 3} in. 
square and 3 in. thick constitute the top 
and bottom frame of the furnace. A 
1}-in. diameter hole is drilled in the 
center of each piece and ground out so 
that the catalyst tube may pass through 
freely. The core of the heater is an 
alundum electric furnace core, bore 

1 in., length 12 in., pitch 1/9 in., which 
is fitted into a countersunk depression © 
concentric with the holes drilled for the 
catalyst tube in each of the transite end 7 
pieces. The core is wound with 36 ft. 
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of No. 24 B. & S. gage nichrome wire. 
Two small holes are drilled into the 
transite end pieces for the nichrome 
wire terminals, each of which fastens 
into one end of a small copper wire 
connector. A thin sheet iron cylinder 
33 in. in diameter and 12 in. long is used 
to hold the insulating material in place. 
Kieselguhr is used as the insulating 
material, the annular space between 
the core and the iron cylinder being 
completely filled. The entire assembly 
is then fastened together by four rods 
threaded on each end which pass 
through holes drilled in the four corners 
of the transite end pieces and are pulled 
tight by eight nuts. 

A 28-ohm cylinder-type variable re- 
sistance of 5-amp. capacity is placed in 
series with the heater and the terminals 
are connected to an extension cord 
equipped so that it can be plugged into 
a 110 volt a.c. line. The sliding con- 
tacts of this resistance should be kept 


changes of setting are made. 


Absorption Bottles: 


All bottles used in scrubbing the gas 
-and in absorbing the hydrogen sulfide 
are 250 ml. Drechsel wash bottles with 
interchangeable ground-glass stoppers. 
The height of the inlet and exit tubes 
of all of these bottles should be the same 
so that rubber connections between 
bottles may be made as nearly butt 
joints as possible. It is good practice 
to blow out the submerged end of the 
inlet tube of these bottles into a small 
sphere and to make three or four small 
holes in this sphere. This will divide 
the gas stream into smaller bubbles 
and lead to better contact between gas 
and solution. No stop-cock grease is 
used on the ground-glass stoppers since 


clean in order to avoid sparking when 
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erroneous results. This applies to qj 
ground-glass joints in the assembly 


Catalyst Tube: 


The catalyst tube consists of a 12-in 
length of 14 in. outside diameter Pyre, 
tubing to each end of which is seale) 
one member of a ground-glass joint 
It has been found that the temperatur 
can be satisfactorily controlled by mean; 
of a thermocouple placed between the 
alundum core and the glass catalys 
tube. The space at the top of th 
heater between the core and the glas: 
tube should be packed with loos 
asbestos to eliminate drafts up around 
the catalyst tube. 

The last Drechsel bottle in the scrul 
bing train is connected to the catalys 
tube through a liquid spray trap which 
consists simply of a 5-in. length of 
Pyrex tubing { in. outside diameter 
filled with glass wool and provided with 
a ground-glass joint to fit the inlet end 
of the catalyst tube. Connection be- 
tween the bottom of the catalyst tube 
and the first of the hydrogen sulfide 
absorption bottles is made through 
suitable length of glass tubing to ea 
end of which is sealed one member of 2 
ground-glass joint, the first of the pair oi 
hydrogen sulfide absorption bottles als 
having a ground-glass joint sealed to it 
This glass connecting piece runs throug! 
a hole drilled in the vertical partitio 
at a suitable height from the bottom 0 
the box. 


OPERATION OF THE ANALYZER 
Technique Required: 


Good results may be obtained by the 
use of this method only when care is 
taken to follow directions explicitly, 
as might be expected in view of the 
small quantity of material being ans 
lyzed for. Experience has shown that 
apparently trivial variations in the 
method may lead to erroneous results. 
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Removal of Oxygen: 

If any oxygen contained in the gas to 
ye analyzed is allowed to enter the 
12-in, | catalyst tube the sulfur found will be 
vrer ff 100 low, probably because of the forma- 
ealed [tion of elemental sulfur or sulfur dioxide. 
joint, | The oxygen is removed by passing the 
ature [gas through three Drechsel wash bottles 
neans | each containing 100 ml. of acidic chro- 
1 the | mous chloride solution. This solution 
alyst Mis red by reducing a chromic chlo- 
alyst  isprepa g 
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The evolution of hydrogen will prac- 
tically cease on addition of the mercuric 
chloride solution. The amalgamated 
zinc is then carefully washed with dis- 
tilled water and placed in the reductor 
as shown in Fig. 3. 

A solution consisting of 1000 ml. of 
50 per cent chromic chloride solution, 
500 ml. of concentrated hydrochloric 
acid and 500 ml. of distilled water is 
placed in the chromic chloride solution 
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ride solution in a modified Jones reduc- 
tor by means of amalgamated zinc.? The 
amalgamated zinc is prepared by stir- 
ring 480 g. of pure granulated zinc for 
y the § 30sec. with 200 ml. of 3 W hydrochloric 
ie s @ acid and then adding a solution con- 
citly, § sisting of 10 ml. of saturated mercuric 
f the B chloride solution and 190 ml. of water 


ana @ and stirring for an additional 3 min. 
that 

the *H. W. Stone and C. Beeson, “Preparation and Stor- 

=¢ Standard Chromous Sulfate Solutions,” Indus- 

Its. ‘tal and Engineering Chemistry, Analytical Edition, Vol. 


4, p. 188 (1936). 


bottle. The entire system is then 
flushed out with carbon dioxide by 
a proper adjustment of the stopcocks. 
Stopcocks 1, 3, and 7 are now closed 
and 2, 4, 6, and 5 are opened. The 
reducing valve is opened so as to give 
a very small flow of carbon dioxide. 
This gas will force the acid chromic 
chloride solution up and over the 
amalgamated zinc and through stop- 
cock 5 into a temporary receiver. 
Chromic chloride solutions are green and 
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properly reduced solutions of chromous 
chloride are a brilliant blue color. 
When the solution leaving the reducing 
tube becomes blue, as it should after 
several minutes, stopcock 5 is closed 
and the reduced solution is collected in 
the reservoir, the displaced gas es- 
caping through open stopcock 4. The 
rate at which the solution is passed over 
the zinc should be such that the hydro- 
gen evolved will be approximately equal 
in volume to the solution being reduced. 
After all the solution has been reduced 
stopcock 7 is opened and the reducing 
valve closed. Stopcock 2 is then closed 
and 1 is opened. When the two-way 
stopcock B is so turned that no gas 
can escape through it any leakage of 
carbon dioxide through the reducing 
valve will pass up through the glass 
tubing, bubble through the chromous 
chloride supply and escape through 
stopcock 4. This will prevent any 
backward diffusion of air into the 
. system. Stopcock 4 is always open 
and has been placed there only to give 
the system flexibility. It is sometimes 
necessary to flush the system back- 
; wards in which case the air can escape 
’ through stopcock 7. 
_ When it is desired to fill the Drechsel 
bottles with chromous chloride solution 
the following procedure is employed: 
A bottle is attached as shown in Fig. 3, 
stopcock 1 is opened, 2 is closed and the 
two-way stopcock B is set so that 
carbon dioxide will pass through the 
Drechsel bottle. The reducing valve 
is then opened enough to give a vigorous 
flow of carbon dioxide and the bottle is 
purged for about 5 min. While this is 
being done the two-way stopcock A is 
so turned that the solution will siphon 
from the reservoir and fill the burette. 
When the burette is filled, the stopcock 
is turned so that a connection is made 
between the burette and stopcock B. 
At the conclusion of the purging period, 
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will flow from the burette into 
Drechsel bottle. The turning of 4 
stopcock will of course cause the carh 
dioxide coming from the cylinder to ¢ 
up and bubble through the reseryoi; 
It is necessary that it do this since 

are removing material from the syster 
which if not replaced would result j 
air being drawn in through stopcock 
When 100 ml. of solution have be 
collected in the bottle, stopcock 4 

turned to a neutral position and B 
turned so that carbon dioxide can aga 
bubble through the bottle. This y 
sweep out the solution remaining 

the line between B and the bott 
The bottle is then tightly stoppered | 
means of short pieces of gum rubl 
tubing and pinch clamps. No car 
need be taken to measure 100 nl 


exactly, in fact a calibrated burette is 


unnecessary. 

Three chromous chloride bottles ar 
always used in series in the analyzer 
Care must be taken that there is alway 
one and preferably two blue bottles! 
the scrubbing train at all times. WI 
a chromous chloride bottle is spent 
shown by the green color, another goo 
bottle must be substituted for it. 1 
effect a substitution a pinch clamp | 


placed on the short section of rubber 


tubing connecting the bottle to | 
removed and the one following i 
The green bottle is then removed and 
blue one put in its place. Gas 

allowed to bubble through this bott 
and into the air for 10 min. before co! 
necting it into the train. Then t 
exit tube is inserted into the rubber 
tubing on the next bottle and the pine! 


clamp is immediately removed. This 
procedure must be followed in changing 


any bottle in the scrubbing train ahea 
of the catalyst. 

All green chromic solutions are save’ 
as they can readily be reduced again it 


stopcock B is turned so that the solytio, 
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he reductor. For every 1000 ml. of 
t solution, 250 ml. of concentrated 

Seite acid and 250 ml. of 50 per 
oe chromic chloride solution (new) 
we added and the mixture reduced as 
dready described. The only function 
of the new chromic chloride solution is 
to prevent dilution. No limit to the 
possible number of regenerations has 
heen discovered, accidental losses of 
liquor having provided adequate 
purging. 

The possibility of reduction of the 
organic sulfur compounds in the gas by 
the chromous chloride was investigated 
by passing gas containing half a grain 
of organic sulfur per 100 cu. ft., but no 
hydrogen sulfide, through three chro- 
mous chloride bottles and testing the 
efluent gas for hydrogen sulfide, both 
with lead acetate test paper and by 
means of cadmium chloride. No hydro- 
gen sulfide was found even when 100 
cu. ft. of the effluent gas had been 
scrubbed with cadmium chloride 
solution. 


Removal of Hydrogen Sulfide: 


Whether or not the gas to be ana- 
lyed is known to contain traces of 
hydrogen sulfide, it is scrubbed with a 
iightly alkaline solution of cadmium 
chloride. This solution is the same as 
that used to absorb hydrogen sulfide 
after the catalyst and consists of 100 ml. 
of 10 per cent cadmium chloride solution 
towhich 2 ml. of 10 per cent potassium 
hydroxide solution has been added. 
The Drechse] bottle containing this 
‘olution is placed after the chromous 
chloride bottles so that any hydrogen 
‘ulide which may be liberated from 
impurities in the chromous chloride can 
also be removed from the gas. A bottle 
containing distilled water should always 

placed between the chromous chloride 
bottles and the cadmium chloride bottle 
'o catch any spray wom the chromous 
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chloride which would make the cad- 
mium chloride solution acidic. Further- 
more, the cadmium chloride bottle must 
also be followed by a water bottle so 
that any spray of cadmium chloride 
solution can be caught and thus pre- 
vented from entering the catalyst. If 
cadmium chloride is allowed to enter 
the catalyst tube, low results will be 
obtained because of formation of cad- 
mium sulfide in the catalyst tube, an 
effect particularly noticeable in the 
relatively cool exit line. 

Experimental evidence indicates that 
the absorption of small amounts of 
hydrogen sulfide by slightly alkaline 
cadmium chloride solution is prac- 
tically quantitative. The capacity of 
a cadmium chloride solution for the 
complete absorption of hydrogen sulfide 
is relatively low, however, and after a 
considerable coloration of cadmium sul- 
fide has developed in a bottle hydrogen 
sulfide will commence to leak through. 
The amount that may be absorbed in 
one bottle without leakage is roughly 
0.2 grains of hydrogen sulfide. If the 
gas to be analyzed contains more than 
about 0.1 grains of hydrogen sulfide per 
100 cu. ft. two cadmium chloride bottles 
should be placed before the catalyst. 
When the first bottle becomes a deep 
shade of yellow it should be replaced by 
a bottle containing fresh solution. The 
presence in the gas of varving per- 
centages of carbon dioxide, up to 25 
per cent, is believed to have no appreci- 
able effect on the absorption of hydrogen 
sulfide by these solutions. 


Catalyst Considerations: 


The catalyst used is 8 to 10 mesh 
grade A activated alumina obtained - 
from the Aluminum Ore Co., East St. | 
Louis, Il]. It has already been pointed | 
out that this catalyst adsorbs organic 
sulfur compounds. The amount of 
these compounds adsorbed varies — 
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the temperature. The relationship is 
apparently an inverse one, that is, the 
higher the temperature the less the 

- adsorption. Thus, if a run is started at 
C. and ended at 550C. the result 
will be high because some sulfur will be 
released from the catalyst. The tem- 
_ perature at which the catalyst should be 
held is about 500 C., with a variation of 
less than +10C. The most important 
items affecting temperature are the rate 
of gas flow and the line voltage, with 


drafts and changes in room temperature 
also having an appreciable effect. The 

temperature of the catalyst can be 

. ‘maintained constant either manually or 

by an automatic temperature control. 

It is important to load the catalyst 
tube to such a depth that all of the 

catalyst may be at approximately the 


same temperature. This precaution 
minimizes any error resulting from 
slight changes in temperature during a 
run. 
Since new catalyst, as obtained from 
the Aluminum Ore Co., contains some 
sulfur compounds that are given off 
when the catalyst is first used, a pre- 
treatment of the catalyst preparatory 
to use is necessary. This treatment is 
conveniently accomplished by 
passing cylinder hydrogen through the 
analyzer, with the catalyst at 500C., 
at a rate of 3 to 5 cu. ft. per hr. for 24 
to 48 hr. A longer period may be 
necessary if the gas to be analyzed con- 
tains less than 0.01 grain per 100 cu. ft. 
Furthermore, when an analyzer is 
changed from a gas of one sulfur content 
to a gas of a materially different sulfur 
content, the analyzer should be purged 
for 24 hr. at the temperature and gas 
flow at which it is to be operated before 
a determination is started, so that the 
catalyst may attain an equilibrium with 
the gas at the operating temperature. 
During this purge period the apparatus, 
solutions, and conditions should be the 


same as those to be used during ay 
analysis except that the final hydrogen 
sulfide absorption bottles need not be 
connected. 

It is not known how long the catalys, 
will retain its activity; however, the 
catalyst has been used continuously for 
three months without showing 
signs of lessening activity. 


Laboratory Prepared Catalyst: 


There has been developed recently fo; 
use in this method of analysis a specially 
precipitated alumina catalyst, which ap- 
pears to be superior to the purchase 
activated alumina. When this catalys 
is used with gases of low organic sulfur 
content (less than 0.01 grains per 
100 cu. ft.) the correct result is obtained 
from the first run. Tests also indicate 
that it has no time lag with changing 
organic sulfur content of the gas in either 
direction. 

The catalyst is prepared in glass 
porcelain equipment from chemically 
pure aluminum nitrate by precipitating 
with ammonium hydroxide, care being 
taken to avoid any contamination. 1 
following procedure _ illustrates 
method of preparation: 

One kilogram of aluminum nitrate 
(nine moles of water of crystallization)! 
dissolved in twelve liters of distill 
water. The stoichiometric requirement 
of ammonium hydroxide is then slow 
added with stirring. When precipita 
tion is complete a viscous gel is obtained 
The gelatinous precipitate is then filtered 
on a vacuum filter. The resultant filter 
cake contains considerable water an 
consequently an appreciable quantity 0! 
ammonium nitrate which if not removed 
is likely to decompose violently during 
the subsequent heat-treating operation 
The major portion of this residual ammo 
nium nitrate is removed by converting 
the cake to a slurry with three or four 
times its volume of distilled water, and 
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eiltering. This filter cake is then dried 
vernight at 105 to 110 C. A consider- 
ble shrinkage takes place in this step. 
The dried material is then heat treated 
400 to 450 C. for several hours. The’ 
sulting alumina is then screened to the 
sired size and is ready for use. The 
jnes are saved and mixed with the filter 
uke from the next preparation. 


Sample Lines: 


All gas-sampling lines should be of 
jainless steel or glass, and all rubber 
connections should be avoided so far as 
wssible. Whenever a connection is 
made with rubber tubing, that connec- 
tion should be as nearly a butt joint as 
wssible so that a minimum surface of 
rubber will be exposed to the gas. Only 
wlfur-free pure gum rubber tubing 
should be used. Failure to observe 
these precautions is one of the most 
common sources of error in the use of 
the method. 


Measurement of Gas Volume: 


The gas volume passed through the 
analyzer during a determination is 
measured by a calibrated wet test 
meter connected to the second of the 
two hydrogen sulfide absorption bottles 
iollowing the catalyst. The tempera- 
lure of this meter, the pressure of the 
mas in it, and the barometric pressure 
should be read and recorded at intervals 
during the determination so that an 
average value may be obtained to be 


| used in correcting the volume of gas to a 


iry basis at standard conditions. 
Efect of Iron Carbonyl: 


If the gas contains iron carbonyl, 
ow results will be obtained because the 
“arbonyl will decompose on the hot 
‘alalyst, depositing metallic iron which 
in turn will react with the sulfur causing 
aholdup. No method has been worked 
ut for the analysis of gases containing 
‘ton carbony]. 


ANALYTICAL PROCEDURE 


SULFUR IN GASES 


Collecting the Sample: 


After the analyzer has been | purged 
for the specified period at the operating 
temperature a run may be started. Two 
cadmium chloride bottles followed by 
the wet test meter set at zero are con- 
nected to the exit line of the catalyst 
tube. The desirable rate of gas flow 
will vary depending on the amount of 
sulfur in the gas. For low sulfur levels 
(0.002 to 0.10 grains of organic sulfur 
per 100 cu. ft.) a rate of 5 to 6 cu. ft. 
per hr. is used while for higher sulfur 
levels a rate of 3 cu. ft. per hr. will give 
enough cadmium sulfide for an accurate 
titration in a reasonably short time. 
When the first cadmium chloride bottle 
becomes distinctly yellow, enough gas 
has been passed and the run may be 
stopped by disconnecting the cadmium 
chloride bottles from the catalyst tube. 
The meter is then read and the two 
cadmium chloride bottles are titrated 
at once. If for any reason the bottles 
cannot be titrated immediately they 
should be tightly stoppered to prevent 
admission of air which will slowly 
oxidize the sulfide ion. Although no 
yellow coloration may appear in the 
second cadmium chloride bottle it 
should be titrated as a precaution. 


Titration of the Sample: 


When the amount of sulfide present 
is small, 0.01 N iodine and thiosulfate 
solutions are used, but for larger amounts 
0.05 N or 0.1 N may be used. The con- 
centration of the iodine solution should 
be such that at least 10 ml. of the iodine 
solution are used up in a titration by the 
sulfide ion. Occasionally, as when ana- 
lyzing a gas containing 0.002 to 0.005 
grains of organic sulfur per 100 cu. ft., 
it is not practical to wait for this much 
sulfide precipitate, since the analysis 
would have to extend over three or four 
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days. The lower limit of normality with 
which accurate titrations can be ob- 
tained is about 0.005 VN. Even at this 
normality it is rather difficult to detect 
the end point. 

In this titration there is an end point 
correction which must be applied. This 
correction is determined in a solution of 
the same composition as that used in the 
titrations and is obtained by adding 
iodine solution until a blue color appears, 
5 ml. of starch indicator having been 
added to the solution. This volume of 
iodine must be subtracted from the 
volume actually used in the titration. 
When the amount of sulfur being deter- 
mined is small, this correction is of great 
importance. In case the gas contains 
any component besides hydrogen sulfide 
that will react with iodine, the blank 
should be run on a third bottle of cad- 
mium chloride solution connected in the 
hydrogen sulfide absorption train during 
the run or the precipitate should be 
titrated only after the solution has been 
filtered off. 

The starch indicator solution is made 


. . up by adding 5 g. of soluble starch 


indicator to 1 liter of water and acidi- 
fying by adding 10 ml. of 1 N hydro- 
chloric acid. 

The following procedure is used in 
making a titration. The glass stopper 
is raised and 5 ml. of 5 per cent potas- 
sium iodide solution is added to the 
absorption bottle. A measured volume 
of standard iodine solution is next run in, 
after which the inlet tube is washed both 
inside and outside with 20 ml. of con- 
centrated hydrochloric acid and a small 
volume of distilled water. The volume 
of the solution should not be allowed 
to become larger than necessary. All 
cadmium sulfide should now be removed 
from the stopper which can be laid 
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aside. Standard thiosulfate solution ; 
now added until the solution is a pa} 
straw color. Five milliliters of stard 
indicator are then added and the addition 
of thiosulfate continued until the bly 
color just disappears. Standard iodine 
is then added until the appearance of the 
blue end point color. When working 
with standard solutions of 0.005 | 
0.01 N, the appearance of the blue colo; 
is harder to detect than the disappear. 
ance so that thiosulfate may be added 
the end point in which case a differen: 
end point correction must be applied. 
Calculation of Result: 

The following equation is used to cal- 
culate the result: 
Grains of organic sulfur per 100 cu. ft, = 

ml. of iodine X normality of iodine X 247 
cu. ft. of gas passed 

the volume of gas having been corrected 
to standard conditions (0 C., 760 mm 
dry). 


RESULTS OBTAINABLE 


Amount Present versus Amount Found 


The accuracy of the method has been 
checked by analyzing gases of know 
sulfur content. Hydrogen was satu 
rated with carbon disulfide at a given 
temperature and this gas was. thea 
diluted with more hydrogen in succes 
sive steps until the desired sulfur content 
was obtained. The following ar 
typical results: | 


Sulfur Found, 
grains per 100 cu. ft. 


Sulfur Present, 
grains per 100 cu. ft. 
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DISCUSSION 


Mr. C. W. Rippre.'—May I ask the 
geaker if mercaptan sulfur is considered 

one of the constituents of the gas? 
Mr. LAWRENCE T. Jitk.2—I would 
ay that since the gases we deal with are 
derived mainly from coke, they contain 


| principally carbon oxysulfide and carbon 


disulfide, and although I believe that the 
two mercaptans, methyl and ethyl, will 
beconverted to sulfide, I have no definite 
proof. We know that thiophene is not 
completely converted. 

Mr. Rippre.—I notice the statement 
ismade that “Whether or not the gas to 
be analyzed is known to contain traces 
of hydrogen sulfide, it is scrubbed with a 
‘lightly alkaline solution of cadmium 
chloride,” to remove the hydrogen sul- 
fide. An article appearing in Industrial 
and Engineering Chemistry® indicates 
that a cadmium chloride solution will 
absorb mercaptan sulfur unless the solu- 
tion is slightly acid. The absorbing 
“lution will absorb only hydrogen sul- 
fide and not mercaptan sulfur. If the 
method is applied to natural gas, it 
would be advisable to observe the alka- 
line condition of the absorbent solution. 
In petroleum work on gasoline it is neces- 
uty to have that absorbent solution 
‘lightly acidified to avoid the absorption 
of mercaptan sulfur. 

Mr. Jitk.—I have noticed that ref- 
frence to hydrogen sulfide. We never 
worry about it because we do not have 


“a Technologist, Solvay Sales Corp., New 
Chemical Engineer, Ammonia Dept., E. I. du Pont 
de Nemours and Co., Inc., Charleston, W. Va. 

Faragher, Morrell, and Monroe, ‘Quantitative Deter- 


Pee of Sulfur and Sulfur Derivatives of Hydrocarbons 


much mercaptan sulfur in our case. I 
would suggest that the hydrogen sulfide 
be allowed to remain in the gas and then 
determine hydrogen sulfide by another 
method, such as lead sulfide precipi- 
tation. 

Mr. Rippie.—Mr. Jilk’s method pro- 
vides a very good technique, if the solu- 
tion is slightly acidified, to absorb hydro- 
gen sulfide only. 

Mr. Jitk.—Hydrogen sulfide would be 
entirely removed? 

Mr. Rippie.—Yes, completely. 

Mr. H. C. Porter.*—I should like to 
inquire as to the application of this 
method to coal gas, from distillation of 
coal; the organic sulfur there is present 
as mercaptan, carbon disulfide and a 
number of other sulfur compounds. 
Has the author had experience in apply- 
ing the method to that complex mixture? 

Mr. Jitk.—We have used the method 
on coke oven gas and obtained results 
which check the sulfur burner method 
[see author’s closure.—Ep.] 

Mr. Porter.—City gas is quite 
largely made either by distillation of 
coal or by the carburation of water gas. 
It is important to have some method for | 
determining organic sulfur. The burner 
method is quite commonly used, getting 
total sulfur and then subtracting the 
hydrogen sulfide. I thought possibly 
Mr. Jilk had experimented with those 
gases. 

Mr. Jitk.—_-We have used the method 
on coke oven gases. The organic sulfur 
in coke oven gas, we believe, consists 


of 90 per cent carbon disulfide and- 


4 Chemical Engineer and Chemist, Philadelphia, Pa. 


tha Solutions,” Industrial and Engineering Chem- 
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the results are sufficiently accurate when 
that much carbon disulfide is present. 
As regards other impurities, I believe 
that mercaptans are converted, but we 
know that thiophene is not completely 
converted. 

E. L. 
should like to ask the author whether he 
has done any work on sulfides and di- 
sulfides. These organic sulfur com- 
pounds are quite frequently present in 
petroleum gases. 

Mr. Jr_x.—Of course we never have 
used the method for the determination 
of organic sulfur in petroleum gases. It 
may have some application there, but 
we do not know. 

Mr. A. C. 
D-3 on Gaseous Fuels is very much in- 
debted to the authors for presenting this 
paper. It should be understood that 
this is not being offered as a standard 
method by the committee, but is pre- 
sented as a part of the committee’s 
program of seeking better methods for 
determining small percentages of organic 
sulfur in gas. 

Mr. H. P. 


5 Chemist, Standard Oil Development Co., Elizabeth, 


FERGUSON.’—Since we 


* Chief, Technologic Branch, U. S. Bureau of Mines, 
Washington, D. C. 

7 Chemical Engineer, Standard Oil Co. (Ohio), Cleve- 
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gather that this work may have so 


bearing on the methods of analysis de 


veloped as a result of the work of Con 


mittee D-3, our remarks are in the naty 


of a warning. It is entirely possible t} 
the author’s method is not applicable t 
natural gas. The petroleum industry 


using activated alumina as a reforming 


catalyst, and I am afraid that since | 
temperatures are normally of the san 
order of magnitude, a side reaction \ 
natural gas may occur which wou 
change the volume relationship entir 
so far as the measurement of orgar 
sulfur is concerned. 

Mr. JiLk (author’s closure by letter). 
In reply to Mr. Porter’s question 
cerning the use of the method on 


gas, I stated that the method had bee: 


used on coke-oven gas with results check 
ing the sulfur burner method. I nx 
find this to be a misstatement in t! 
check analyses of coal gas by the bur 
method have never been made. 

Mr. Ferguson pointed out the poss 
bility of a change in volume relationsh 


if the method were used on natural ga: 


I should like to suggest in this connect 
that if a change in volume should o 
the gas could be metered before passa 
through the analyzer. 
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RECENT EXPERIMENTS ON LABORATORY WET GAS METERS 


rMing 
ce 


By Howarp S. BEAN! AND F. CHARLES Morey 


Same 
n wit SYNOPSIS 


woul In the determination of the heating value of industrial fuel gases it is 


customary to measure the quantity of the gas burned in a calorimeter dur- 
rgal ing the test period by means of a small meter of the water sealed drum type. 
In considering improvements in calorimetric practice attention must be given 
to the measurement of the gas volumes. 

Possible sources of uncertainty in the meter indications include: use of 
fractional revolutions of the meter drum; failure to have the sealing water 
saturated by the gas; variation in the relative humidity of the gas entering; 
effects of oil fog carried by the gas; differences in temperature of the room, 
the sealing water and the gas; the method of calibrating the meter. 

This paper presents a review of the tests made by members of the Sub- 
committee on Measuring Gaseous Samples of the A.S.T.M. Committee D-3 
on Gaseous Fuels, to determine the possible effects of these various sources 


rtire 


of error. 


During the past 10 yr. there has 
been much attention paid to the deter- 
mination of the heating value of indus- 
tral fuel gases. One of the most im- 
portant reasons for this is the practice 
of making the price paid for the fuel 
gas depend in some degree upon the 
average heating value of the gas during 
the account period. In the determina- 
tion of the heating value, by the use of 
a calorimeter, either the weight or the 
volume of the gas burned must be 
known. In general this quantity of 
gas is determined by volumetric 
measurement, although this method 
makes it necessary to make subsidiary 
measurements of pressure, temperature, 
and humidity. The most common 
method of measuring the gas volumes is 
‘ouse a small meter of the wet, or water- 


. Senior Physicist, and Assistant Physicist, respec- 
tvely, National Bureau of Standards, Washington, D. C. 


sealed, drum type. It is evident that — 
any inaccuracy in the measurement of 
the gas volume will be directly reflected 
in the reported heating value of the gas — 
per unit volume. Therefore, if any 
improvement is to be made in the | 
accuracy of gas calorimetry, one of the 
factors to be considered will be that of 
the volume measurements. 

The meters are commonly made of 
heavily tinned sheet metal. For use — 
with calorimeters in this country, the | 
size of the drum and case are so propor- 
tioned that 0.1 cu. ft. of gas is measured 
with each complete revolution of the 
drum, provided the height of the sealing 
water has been correctly adjusted. The 
details of construction and mode of 
operation of these meters are probably 
sufficiently familiar to most readers — 
that it will be unnecessary to describe 
them here. 
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The calibration of these meters con- 
sists in determining the correct height 
of the surface of the sealing water. 
This is most commonly done by com- 
parison with the volume of gas dis- 
charged from a 0.1-cu. ft. bottle. An- 
other method would be to calculate the 
volume of gas drawn through a meter 
during one or more full revolutions 
from the corresponding weight of water 
displaced in an aspirator bottle? A 
third method of calibration is with a 
gas meter prover. The degree of ac- 
curacy attainable by this method will 
be relatively low unless the prover has 
been specially prepared for this work. 
The details of these methods of calibra- 
tion and their relative advantages and 


TABLE I.—-VOLUMES OF GAS DELIVERED IN 
FRACTIONAL REVOLUTIONS OF METER. 


Fractional Volume of Gas | Volume Delivered 
Revolution Delivered, cu. cm.*| Divided by 2820 


0.250 732 0.260 
0.333 972 0.345 
0.500 1474 0.523 
0.667 1924 0.682 
0.750 2156 0.765 
1.000 2820 1.000 


* The method of calibration used in the experiments 
summarized in this table was the aspirator bottle method. 
possible sources of error will be discussed 
later. 

Uncertainties and errors in gas vol- 
umes determined from the indication 
of these meters may arise from one or 
more of the following sources: 

The use of fractional revolutions of 
_ the meter drum; 

Failure to have the sealing water in 
the meter saturated by the gas, and 
variation in the relative humidity of the 
gas entering the meter; 

Effects of an oil fog carried by the 
gas; 

Difference between the temperatures 
of the room, the meter sealing water, 
_ and the gas entering the meter; and 


*C. W. Waidner and E. F. Mueller, “Industrial Gas 
Calorimetry,” Technologic Paper No. 36, Nat. Bureau 
Standards, p. 35 (1914). 


The method of calibrating the meter 

The Subcommittee on Measuring 
Gaseous Samples, of the Society’s Com. 
mittee D-3 on Gaseous Fuels, has been 
studying these various sources of error 
through tests which different members 
of the committee have made. This 
paper reviews these tests, so far as they 
have gone. Mention is also made of 
additional tests in progress, or planned, 
and it is hoped that the discussion of 
this paper will suggest other conditions 
which should be given consideration by 
the committee. 


PossIBLE ERRORS IN THE UsE 
FRACTIONAL REVOLUTIONS 


In their paper on Industrial Gas 
Calorimetry? Waidner and Mueller state: 


“The use of fractional turns may lead to 
significant errors,...” 

“For example, a test of one of thes 
meters, the motion of the index of which 
over the scale was very regular, gave the 
results shown in Table 6 [the accompanying 
Table I]. 

“Tt will be seen that the volume of gas 
delivered in the second half revolution was 
8.7 per cent less than in the first half revolu- 
tion, and the volume delivered in the last 
one-third revolution was 7.8 per cent les 
than in the first one-third revolution. The 
quarter revolutions show similar differences. 
These meters should, therefore, be calibrated 
and used for total revolutions or, if frac- 
tional revolutions must be used, the par 
ticular portion of the scale used must be 
calibrated.” 


More recently M. F. Kleeberg? made 
a series of tests to determine the limi- 
tations of the 0.1-cu. ft. -wet test me 
ter for making measurements of les 
than 0.1 cu. ft., or of non-integral mult: 
ples of a revolution. Mr. Kleeberg’ 
report to the committee is given below 
in considerable detail: 


2 Senior Calorimetry Inspector, Peoples Gas Les: 


and Coke Co., Chicago, Ill. 
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: On LABORATORY WET GAS METERS 


Method: 


“The facilities of the laboratory of the 
Peoples Gas Light and Coke Co. did not 
include suitable calibrated standards for 
making direct comparisons of gas volumes 
of less than 0.1 cu. ft. so the following 
indirect method was employed. 

“Three meters were chosen at random 
from our reserve store: 

American Meter No. 1248 
American Meter No. 5064 
Sargent Meter No. 2363 

“The American Meter No. 1248 was care- 

fully standardized and was then connected 
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No. 1248 to pass through each 0.1 division 
of the dial was noted.” 


Theory and Calculation: 


“The total time for the meter hand to 
make one complete revolution was 144 sec. 
which indicates 14.4 sec. as the average 
time to pass through 0.1 division of the dial. 

“The difference between 14.4 and the 
actual times noted in column C of the sum- 
mary table represented the time (column D) 
the meter drum lagged or accelerated due 
to inaccuracies in the construction of the 
meter. As there was a supply of constant — 
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* Columns A G, Ie = Meter readi ing, cu. . ft. 


= Volume of gas indicated by large hand per 0.1 revolution, cubic feet. 
= Time for meter hand to pw between each 0.01-cu. ft. mark on dial, seconds. 
and average (14.4 sec.) time for each 0.1 revolution of meter drum. 

= Excess or deficiency from average amount of gas entering meter drum per 0.1 revolution. 
figure is derived by calculation, on the assumption that if all compartments of the meter drum 
were constructed of equal capacity and sha 
was equal at all points of rotation, then the 
through the meter and the meter would register an equal volume of gas during each second of 


= Difference between actua 


F its rotation. 
H, J 


in series with the other two meters in a 
constant temperature room. 

“City gas was allowed to pass through 
the meter train at the rate of 2.5 cu. ft. per 
hour, and meters Nos. 5064 and 2363 were 
adjusted to register the same amount of gas 
as meter No. 1248. 

“Readings of the three meters were then 
taken by stopping meter No. 1248 at each 
0.1 revolution of the meter hand. These 
results are shown in the summary table 
(the accompanying Table II] under columns 
A, G, and J, 

“Operating the meter train at the same 
rate, the time for the meter hand of meter 


TABLE II.— sa OF DATA SHOWING THE MAGNITUDE ‘a ERROR WHICH CAN BE EXPECTED 
HEN USING FRACTIONAL PARTS OF A 0.1 CU. . WET TEST METER.* 
American Meter Sargent Meter 
American Meter No. 1248 (0.1 cu. ft. per revolution) (0.1 ak a revolu-| (0.1 ak Mee 
ion jon 


This 


, the drum was perfectly balanced, and friction 
ow of gas from a constant source would be constant 


} 


= Percent of error per revolution of large meter hand. If measuring 0.01 cu. ft. a sed by 10. 
= Indicated volumes passed by meters per 0.1 revolution of meter No. 1248, cu. 


pressure gas to the outlet, it must be true 
that different amounts of gas were entering 
the drum compartments due to volume or 
pressure changes at different positions 
during the rotation cycle. As this amount 
of gas is directly proportional to the time, 
it can be calculated (column E). 

“The per cent of error in measurement is 
calculated from this excess or deficiency 
between each 0.1 division of the dial (col. 
umn F). 

“For meter No. 1248, a maximum error of 
minus 1.25 percent of onecomplete revolution 
was noted between the 0.8 and 0.9 divisions 
of the dial. If the quantities to be measured 
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are of the magnitude of 0.01 cu. ft. this error 
should be multiplied by 10. 


“The results of the readings on meters 


Nos. 5064 and 2363 give additional proof 


that fractional divisions of a 0.1 cu. ft. 


fe _meter are unreliable, although no attempt 


: _ was made to calculate the errors on these 


meters due to the fact that the delivery rate 
from meter No. 1248 was not constant.” 


Kleeberg 


From his own tests and that of Waid- 
ner and Mueller given above, Mr. 
concludes “that fractional 


revolutions of a 0.1-cu. ft. meter cannot 


+ 


1 
> 
2 


the scale should be calibrated. 


to the index, 


worthless. 


be relied upon for accuracies greater 
than 90 per cent when using these 


‘meters to measure gas samples as small 
as 0.01 cu. ft. unless the divisions are 
especially calibrated.” 


It is desirable to call attention to a 
detail which both of the conclusions 
quoted above fail to bring out. Both 
state that if fractional revolutions are 
to be used the “‘portions”’ or divisions of 
Now 
the errors due to the use of fractional 
revolutions arise not from any uneven- 
ness in the graduations of the meter 


scale or index, but from the practical 


difficulty (or impossibility) of making 
the capacities of the several compart- 
ments of the drum equal. Since the 


large hand of the meter serves only to 


indicate the relative position or degree 
of rotation of the drum with respect 
it follows that if, after 
making a calibration of the scale, the 


large hand is shifted with respect to 


the calibration is rendered 
To overcome this point of 
weakness it has been suggested that the 
large hand be fitted to the drum shaft 


the drum, 


_ with a key, or by the use of an irregular 


shape of hub and shaft so that in case of 
removal it may be returned to the same 


position with respect to the drum as 


before. 
Other errors which may result from 


the shifting of the large hand on the 


drum shaft of a 0.1-cu. ft. wet meter are 


discussed in the following memorandum 
to the Subcommittee from Mr. Kleeberg: 


‘Experience and a study of the construc 
tion and characteristics of these meters has 
shown that if the meter is operated by using 
complete revolutions, there are only two 
possible sources of error to be caused by a 
shifting meter hand: 

1. Error caused by meter hand slippir 

during operation. 

2. Error caused by checking level o 
water at improper position of the 
meter drum. 

‘“*The first source of error can be remedied 
mechanically by assuring a tight, nonsliy 
connection between the hand and the drun 
shaft. 

“The second source of error requires th 
careful attention of the operator. The con 
struction of a 0.1-cu. ft. meter is such that 
the large hand is held in position relative 
to the drum shaft by a knurled nut whic 
has a tendency to become loosened during 
handling. When this nut is retightened, 
the meter hand usually assumes a different 
position relative to the drum. If the hand 
is reset to coincide. with one of the four 
cupping and uncupping points on the drum 
an error will be introduced when the water 
level of the meter is checked due to the fact 
that at and adjacent to (within three o 
four small divisions of the dial) any one oi 
the four cupping points the water level will 
assume a different level (different by 
to | in., depending upon the meter) thar 
normally exists at the other positions oi 
the drum. 

“Several meters were investigated and iI 
was found that the error caused by ad 
justing the water level at the uncupping 
points instead of one-half way between 
them varied with the different meter 
tested from 0.2 per cent to 1.0 per cent. 

“It is suggested that immediately after 
meter has been compared with a standard 
prover and adjusted, that the large hand be 
set at some convenient point—100, 75, » 
or 25--and the drum shaft rotated so tha 
the two cupping points nearest the hand 
be placed one-eighth of a revolution away 
The four cupping points on a drum ar 
equidistant from each other, and they @ 
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ye determined by passing gas through the 
meter and watching the water level gage 
for the characteristic sharp rise and fall of 
the meniscus. After the hand has been 
et, it is advisable either to solder it to the 
drum shaft or to make some distinguishing 
mark on the shaft so that the proper setting 
may be reproduced in case the hand be- 
comes loosened. 

“The best procedure is always to check 
the water level at the same position of the 
drum.” 


Errect OF THE RELATIVE HUMIDITY 
or GAS ENTERING THE METER UPON 
THE INDICATIONS OF THE METER AND 
tHE RELATIVE Humipity oF GAS 
LEAVING THE METER 


In Industrial Gas Calorimetry it is 
stated that the calibration of a meter 
supplied with dry gas did not change 
more than 0.1 per cent from the calibra- 
tion obtained with saturated gas. It is 
stated also that humidity tests of the gas 
delivered by the meter when supplied 
with dry gas showed the gas delivered 
to be saturated at the meter temper- 
ature. 

These statements have undoubtedly 
contributed to the fairly common prac- 
tice of more or less neglecting the relative 
humidity of the gas entering a meter and 
assuming the gas leaving the meter to be 
saturated with water vapor. Recently, 
new tests along this line were made for 
the Subcommittee by Messrs. J. H. 
Fiseman and F. A. Smith at the Na- 
tional Bureau of Standards, the results 
of which may be summarized as follows:4 
When dried air was delivered to a labo- 
ratory wet test meter, the degree of 
water vapor saturation of the air leaving 
the meter varied from 97 to over 99 per 
cent. They therefore concluded that 
the completeness with which such a 


* A detailed account of these tests will be presented in 


an earl ? 
as Aes of the Journal of Research, Nat. Bureau 
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meter saturates even dry air is at least 
98 per cent at any practicable rate of 
flow. Since the volume of the water 
vapor involved will usually amount to 
less than 3 per cent of the total indicated 
volume, the error resulting from (a 
possible 2 per cent) incompleteness of 
saturation will be less than 0.06 per cent 
of the volume indicated by the meter. 

To obtain a basis for estimating the 
possible error in the indications of a 
meter that may result when the gas 
entering a meter is dry, air was passed 
through two meters in series. In one 
test the air entering the first (or test) 
meter had been saturated with water 
vapor while in the next test the air had > 
been dried. Such pairs of tests were 
made at both high and low rates of flow. 
The meter indications were referred to a 
common pressure and temperature for 
comparison. This comparison indicated 
that when dry air entered the test meter 
the indications were too low by about 
0.15 per cent. 

Some additional tests were made to see 
what effect tilting of the meter would 
have upon its indications. It appeared 
that if the tilting, either sidewise or 
from front to back, occurred after the 
quantity of water had been correctly 
established with the meter level, there 
resulted no consistent or significant 
error so long as no water was added or 
removed from the meter. On the other _ 
hand if the gage mark indicated the 
correct amount of water with the meter 
level, the setting of the water surface to 
the gage mark when the meter was not 
accurately leveled introduced an appre-— 
ciable error, possibly as much as 1 per 
cent. The magnitude of the error will of 
course depend on the amount of tilting, _ 
which will govern the amount of water 
added or removed to bring the water 
surface to the (incorrect when tilted) 
position of the gage mark. 
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Errects OF Or FoG ON METER 
INDICATIONS 


Another possible source of error in 
test meter indications may arise from 
the presence of an oil fog carried by the 
During the course of the routine 
work, some observations of the possible 
errors from this source have been made 
at the American Gas Association Test- 


_ ing Laboratory. R. M. Connor, Di- 


rector of the Laboratory, has made 


_ the following report on these observa- 


tions: 


“Tt is common knowledge that saturation 
of natural gas with oil fog, produced by 
atomization of the oil through high-velocity 
injection means, produces a mist of small 
particles which fall out of the gas stream as 
it is carried through the lines. Such oils are 
usually selected for their tendency to settle 
out in liquid form to wet the surfaces of 
pipes, meter diaphragms and other dis- 
tribution equipment. The distance any 
given particle may travel depends on the 
gas velocity, gas pressure, and the size and 
nature of the oil particle. Due to these 
variations the amount of oil particles (oil 
saturation) at any distance from the point 
of fogging is an unpredictable quantity. 
Therefore, a theoretically accurate measure- 
ment of such gas requires that all traces of 
oil fog be removed before passing through a 
wet test meter. Deposition of the oil in 
liquid form will probably alter the vapor 
pressure of the water and the gases dissolved 
in it and extreme saturation might result 
in the forming of an undesirable oil emulsion. 

“Traces of the oil fog may be removed by 
allowing the gas to stand until the fog 
settles, by mechanical filtration, or by 
bubbling through cold water in fine streams. 
Any one or all three methods should be used 
as warranted by the conditions of measure- 
ment. 

“However, consideration should also be 
given to the possible error introduced by the 
use of absorbers or filters for fog removal 
which may change the heating value of the 
gas by dissolving some of the gas constitu- 
ents in the accumulated oil liquid. 
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“Complete evaporation of the fogging oi] 
at the rate of 2.5 gal. per 100,000 cu. ft, 9 
natural gas would add less than 0.4 per cent 
to the heating value and less than 0.05 pe 
cent to the volume of the gas, assuming 
150,000 B.t.u. per gallon of oil. However 
evaporation might be wholly neglected as 
large portion will condense in drips and op 
pipe walls. Therefore, attention wa 
focused on the effect of the precipitation of 
the liquid oil on the surface of the water 
in a wet test meter. 

“Inasmuch as the manufactured and 
natural gases regularly used at the Testing 
Laboratories are not saturated to am 
degree by the process known as ‘oil fogging 
it was necessary to duplicate by experiment 
the effect of oil deposited on the surface oi 
the water in a wet test meter during the 
conduct of some of the routine test work on 
gas appliances. 

“To determine the effect of liquid oi 
deposited in a test meter on its accuracy 
two such meters were operated in series 
The water in both meters was saturated 
with the gas before the tests. The accurac) 
of the second meter (a 10-light wet tes 
meter) relative to the first meter (a 5-light 
wet test meter) was determined by running 
about 285 cu. ft. of natural gas through the 
two meters in 7 hr. Two such comparative 
runs were made. For the third run, 27 ml 
of 33.5° Baumé gas oil was poured into the 
second meter immediately before the m 
was started. This amount of oil is approx 
mately that required to ‘fog’ 285 cu. ft. 0 
gas at the rate of 2.5 gal. per 100,000 a 
ft., and represents the maximum amount 0! 
oil that could be added to the meter by th 
passage of such an amount of ‘fogged’ ga 
The results are shown below: 
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“The results of the first two runs indicate 
a reproducibility of results within 0.07 per 
ent of the volumes measured under the 
conditions of the test. Those of the final 
mun indicate that the deposition of all the 
oil from 285 cu. ft. of natural gas fogged at 
arate of 2.5 gal. per 100,000 cu. ft. would 
Jow the meter about 0.2 per cent.”’ 


RELATIONS BETWEEN ‘TEMPERATURES 
or Room, METER, AND GAS 


One of the questions that is asked 
about laboratory meters is: “Within 
what limits must the temperatures of 
the room, meter, and gas entering the 
meter be the same.” Another way of 
asking this question is: “If the tempera- 
tures of the meter, room, and incoming 
gas are all different, does the tempera- 
ture of the gas as metered come nearer 
to being equal to that of the meter or 
room?” It has been difficult to obtain 
experimental data for the answer to this 
question because in addition to the usual 
dificulty of obtaining gas temperatures 
unaffected by external influences the 
construction of these meters is such as 
to make gas temperature measurements 
within it especially difficult. In order 
to obtain additional data on this, the 
Precision Scientific Co. of Chicago was 
asked to make a series of tests to show 
how the gas and meter temperatures 
follow the room temperature when they 
start from different values initially. In 
his report on these tests, Mr. Alexander 
Newman, Vice-President of the Pre- 
sion Scientific Co., states that in pre- 
paring for them an attempt was made to 
duplicate the conditions often encoun- 
tered in a laboratory on winter mornings. 
If the laboratory were not heated during 
the night, the wet test meter would be 
cold when work was started in the 
morning, while the gas coming through 
the pipes in the building would enter 


the meter at approximately room tem- 


perature, 


“The equipment used in the tests in- 
cluded: 

1. Sargent wet test meter 0.1 cu. ft. model, 
Serial No. 8798B. 

2. ‘Precision’ low temperature cabinet 
equipped with heaters and a door with 
triple glass and insulation. 

3. Fifteen feet of } in. outside diameter 
copper tubing wound into a coil of 4 in. 
outside diameter and mounted in the 
cabinet. 

4. Seven nickel wire resistance thermom- 
eters of No. 40 gage wire with 6 ft. copper 
leads. These were waterproofed before 
calibration. 

5. Two seven-point tap switches. 

6. Leeds & Northrup Wheatstone bridge 
testing set No. 5410. 

7. Suspended coil, reflecting type galva- 
nometer with light source and with scale 
placed at 2 m. 

8. ‘Precision’ 12-in. water manometer. — 
9. Wet type pressure governor. 

10. Auxiliary equipment such as dry cells, 
gas burner, etc. 

“To prepare for the tests, the meter was 
placed in the low-temperature cabinet and 
connected to the gas supply with rubber — 
tubing, so that the incoming gas first passed 
through the pressure governor and manom- 
eter tee connection, then through the door 
of the low temperature cabinet, through the 
copper coil in the cabinet, through the 
meter, and then out to the burner located 
outside of the cabinet. 

“The resistance thermometers were con- 
nected to the Wheatstone bridge through - 
the tap switches. The connections were 
made to use the Siemans 3-lead compensa- _ 
tion, as described in National Bureau of 
Standards Bulletin No. 170 (Pyrometric 
Practice), so that errors due to changing 
resistance of the lead wires would not effect 
the readings. 

“Gas from the city mains was run through 
the assembly for several hours, to saturate 
thoroughly the water in the equipment. 
The cabinet was then run overnight at 
about 40 F., to cool thoroughly all parts 
of the meter and the contained water. 

“The next day the gas was regulated to 
flow through the meter at the rate of 2.3 
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cu. ft. per hour. The heater in the cabinet 
pe 


was turned on and resistance readings of the 
resistance thermometers taken at approxi- 
mately 1-min. intervals, and recorded with 
the time of the reading to the nearest second. 
The temperature of the cabinet rose to a 
maximum and then regulated near that 
temperature for the remainder of the test 
period of nearly 4 hr. 

“The resistance readings were converted 
to temperature to the nearest 0.01 deg., and 


the temperature of each resistance ther- 


95 
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bottle. This method does not cg. 
respond to the conditions under whic, 
the meters are used in several important 
respects. In the first place, in this 
method of test the meter starts from 
rest and stops at the end of the tes. 
whereas in use, particularly in calp. 
rimetry work, the meter is in motion a 
the start and finish of the test. 

In the second place, the rate of ai 
flow through the meter during the tes 
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mometer plotted against the elapsed time in 
seconds, as shown on the chart [the accom- 
panying Fig. 1}°.”’ 


METHODS OF TESTING LABORATORY WET 
Gas METERS 


The usual method of testing a labora- 
tory wet gas meter is with a 0.1-cu. ft. 


5A number of constructive comments on these tests 
and the results have been made by members of the sub- 
committee and therefore it is planned to conduct further 
tests of this kind later. 


varies from a maximum at the start t 
very gradual stop at the end. In cal 
rimeter work special attention is give! 
to maintaining the rate of’ flow constant 
Also the average rate at which the t¢ 
is made is very much slower than tha 
at which it is generally operated. 

To overcome some of these objet 
tions, it seemed desirable to see if othe: 
equipment and methods could be deve 
oped for testing these meters. Alte 
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some discussion in the committee it was 
decided to first see if some of the equip- 
ment common to gas meter shops could 
beadapted to this purpose, before trying 
to design new apparatus which would 
not be generally available. Accordingly 
the American Meter Co. was asked to 
lend the National Bureau of Standards 
a2-cu. ft. gas meter prover which it was 
hoped could be calibrated with suff- 
cient accuracy to be used in testing 
these meters. Since it would not be 
possible to make direct readings reliably 
with both the meter and prover in 
motion, it was decided to have the large 
hand of the meter actuate one pen of a 
chronograph through a light contact 
breaker. The other chronograph pen 
was to be actuated from strikers clamped 
to the prover scale. The prover calibra- 
tion would consist of determining the 
volumes represented by the distances 
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between the contact surfaces of these 
strikers. It was hoped that the calibra- 
tion of these intervals could be made to > 
an accuracy of at least plus or minus 
0.0001 cu. ft., which is the figure to” 
which the reading of most laboratory — 
meters can be estimated. . 
After some six months of effort it has 
not been possible to obtain successive — 
calibrations of the prover intervals which | 
are consistent to better than plus or 
minus 0.0015 cu. ft. although the work 
was done in a constant-temperature 
room and corrections for the effects of 
such influences as sealing fluid run-down | 
and small changes in barometric pres- 
sure were made. It is believed there- 


fore, that it will be necessary to develop 
some other equipment to be used as a 
volume standard in testing these meters 
if any real improvement is to be made. 
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7 dead load, and (c) set. 


Object: 

- The use of rubber and similar sub- 
stances for vibration and shock isolation 
has created a need for tests of the me- 
chanical properties involved in such 
service. At a given temperature, these 
properties are modulus under slow or 
practically static conditions, dynamic 
modulus, energy absorption by hyster- 
esis loss, and creep under a given dead 
load. In a previous paper the author 
presented a qualitative description of a 
method that might be used for these 
measurements.2 In the present paper 
the method is developed in detail to 
permit the attainment of significant 
numericai data in fundamental physical 
units. 


| _ Principles of Static Tests: 


Figure 1 shows the present form of the 
q machine. As shown diagrammatically 


1 Physicist, Rubber Chemicals Division, Organic 
Chemicals Dept., E. I. du Pont de Nemours and Co., Inc., 
Wilmington, Del. 

2F.L. Yerzley, ““The Evaluation of Rubber and Rub- 
ber-Like Materials as Vibration Absorbers, ‘Industrial 
and Engineering Chemistry, Analytical Edition, Vol. 9, 
p. 392 (1937). 
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A MECHANICAL OSCILLOGRAPH FOR ROUTINE TESTS OF RUBBER 
AND RUBBER-LIKE MATERIAL 


By Few L. Yerztey! 


SYNOPSIS 


Describes a mechanical oscillograph which has been developed for routine 
laboratory tests of rubber and rubber-like compositions intended for cushion- 
ing services. It may be used to measure: 

1. Static characteristics: (a) loading and unloading, (b) creep under a given 


: 2. Dynamic characteristics: (a) energy absorption during impact loading, 
(b) resilience, and (c) effective dynamic modulus. 
Data are obtained in fundamental units which should be useful both to 
rubber technologists and to mechanical engineers. 


in Fig. 2, the machine consists of 2 
balanced lever supported at its center by 
knife edges and a set of standard weight: 
which may be added at one end to con: 
press a test specimen A on the opposit 
side of the knife edges. A second knili 
edge and a stabilizing arm are introduce! 
to render the compressing surfaces esser: 
tially parallel. Perfect balance of th 
lever may be obtained by adjusting the 
position of the counter-balance B. 4 
pen arm extending from the heavy en 
of the lever automatically records d 
flections on the chart or oscillogram. 
By an examination of Fig. 2 it» 
obvious that the deflection of the rubbe 
will be magnified in proportion to the 
lever ratio, which is 16.0 to 1.60. It 
other words a compression of 0.10 in 
will be registered on the oscillogram 454 
vertical displacement of 1.00 in. 
The weight W in Fig. 2 consists © 
several brass disks, each weighing 1.41! 
lb. The lever ratio for the weights 5 
10.0 to 1.60. Each weight on the ¢ 
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of the lever, therefore, results in a force 


10. 
; s = 8.82 lb. on the test specimen 


The test specimens are vulcanized in a 
cylindrical mold cavity 3 in. high and 
3 in. in diameter. Their nominal cross- 


of the machine can be raised or lowered 
by turning the micrometer head. This 
feature is important because it enables 
compensation to be made for slight vari- 
ations of test specimens from their 
nominal height and because test speci- 
mens not of standard size can be tested 


sectional area is 0.441 sq. in. and the 
unit load resulting from each weight is, 


therefore, 
0441 20 psi. 


It can be seen by reference to Fig. 1 
that the upper platen or loading surface 


/ 
Oscillogram 


Fic. 2.—A Diagrammatic Description of the Oscillograph. 


Analysis of Oscillations: 


Figure 3 shows three positions of the 
apparatus necessary for an analysis of 
the oscillations consequent to sudden 
release of the unbalanced lever from an 
elevated position. The position of the 
lever corresponding to zero deforma- 
tion of the test specimen is shown in 
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Fig. 3 (a). When the lever is released,the where W = weight on heavy end Subst 
heavy end falls, compressing the rubber, . lever, 
and during the ensuing time interval the w = weight on light end of ley 
oscillations occur. The deflections of ho = undeformed height of t 
the rubber are plotted autographically specimen, 
against time making a graph like those h = height of pellet under equ 
of Fig. 4. librium load, and hic 
K’ = assumed spring constant 
At any instant during the vibrations the ea 
angular deflection from the equilibrium oe 
position can be represented by 0 jr ' 1} 
Fig. 3(c) where x represents the corre. | 
sponding height of the test specimer 
’ Therefore, at any instant, spring reaction 
on the loading platform = K’ C3 For 
h 
and the corresponding torque = k 
ho — x) 
a a l. If I is the total moment of 
( ho ) 
] inertia of the lever and the weights 
. 
about the main fulcrum and ist 
angular acceleration 
(ho — x) 
= (W —w)l— 
( w)l (he) 
q Substituting Eq. 1 in Eq. 2 
T 
(ho — h) (ho — *) 
0. 
c 
( ) W K'l (x h) 
3.—Three Degrees of Compression of a (ho) 
aceite Test Specimen. or I 
(c) Any instantaneous deformation during a dynamic test. di? (Io) pee mac 
At the instant of release of the lever If the static equilibrium position of th 
in the position of Fig. 3 (a) the lever is lever is approximately horizontal, fo whe 
accelerated by a torque equal to (W-w)L. small angles use 
In Fig. 3(6) the lever is shown at rest | . 7 
with the torque due to gravity counter- gut? 7 cul: 
balanced by the torque resulting from I . wh 
compression of the test specimen. do tim 
Phat is: db 


(ho) dt? dt? 
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Substituting Eq. 5 in Eq. 4 a 


(x — h) 
-— 
de (hg) ©) 
—h 
(7) 
dt? I (Ao) 


which is the equation of motion for the 
oscillograph for test specimens obeying 
Hooke’s law with K’ = aconstant. Let 


u=x—h 


Then 
au K’ 
8) 
de * Thy“ 
For this simple harmonic motion 


1 


f = frequency = — 


For standard test specimens } in. by 
} in. in diameter 


_, 4n2(0.50/12) 
(1.6/12)2 


92.5 If? ib. 


The area of the test specimen, how- 
ever, is 0.441 sq. in. so 


92.5 
K 


= 2= 210/f? psi. (10 
0441 If 210 If? psi ) 


The moment of inertia of the lever 
and the weights of the particular 
machine under discussion is given by: 


I = 0.0813 + n X 0.0307 slug ft.? . . (11) 


where n = the total number of weights 
used in a given test. 

The frequency of vibration is cal- 
culated from the chart by dividing a 
whole number of cycles by the elapsed 
time in seconds. 


Impact Energy and Resilience: 


In the beginning of a dynamic test 
and at the instant the lever is released, 


the lever possesses its maximum poten- 
tial energy by virtue of the elevation of 
the heavy end. As the weight falls, 
part of the potential energy is converted 
into heat in the test specimen due to 
internal friction and part is stored in 
the test specimen by elastic compression. 
At the point B on the first dov.nward 
sweep of the oscillation record in Fig. 
4(a) the lever is undergoing a reversal 
of direction and is momentarily station- 
ary. Since this is the lowest point of 
the vibration the potential energy of 
the lever is a minimum. The vertical 
component of the line AB is an accurate 
measure of the energy of the impact. 
Suppose the vertical length of the line 
AB were 1.00 in. due to the impact of 
one weight on the end of the lever. 
Then the distance through which the 
10.0 
16.0 X 1.00 = 0.625 
in. and the corresponding energy of im- 
pact is 0.625 X 1.41 lb. = 0.882 in-lb. 
The volume of the test specimen is 
0.500 0.441 = 0.2205 cu. in. Hence, 
the energy of a single weight correspond- 
ing to a 1.00 in. vertical distance on the 
chart is — 

0.2205 
of vulcanizate. Hence energy transfer 
in fundamental units can be calculated 
from maximum and minimum points on 
the oscillogram by the simple formula: 


weight has fallen is 


= 4.00 in-lb. per cu. in. 


Energy = 4n’ X vertical distance in inches 
on oscillogram (12) 
where n’ is the number of unbalanced 
weights on the heavy end of the lever. 
It will be noted that every rising line 
on the chart represents return of poten- 
tial energy to the lever. Hence per- 
centage resilience may be determined by 
taking the ratio of the rebound height to 
the impact height. That is from Fig. 
4(a) 
1 
B X 100 


iB 
Percentage resilience = A 
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Routine Measurements: 


It is now possible to consider specific 
details of the test for the measurement of 
the following static and dynamic charac- 
teristics: 


-_ 1. Static Characteristics 
- (a) Compression loading and unload- 


ing characteristics. Load is given in 
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(c) Effective dynamic modulus jy 
pounds per square inch. 

(d) A limited adjustment of the fre. 
quency of the test is possible. 

Figures 4 and 5 illustrate the method 
of obtaining the data and converting 
it into customary forms. Figure 4(a) is 
the data sheet obtained from a neoprene 
type E compound (1) and Fig. 4(b) isa 


/333N-123' 


“Perm Set 0.007 


_ pounds per square inch, deflections in 
inches or per cent. 

(b) From the above data energy trans- 
fers may be calculated in inch-pounds, 
or inch-pounds per cubic inch of stock. 

(c) Creep in inches or per cent under a 
given dead load (load range from 20 to 
psi.). 

(d) Set in inches or per cent. 

2. Dynamic Characteristics 

(a) Energy absorption of impact loads 
in inch pounds per cubic inch of stock. 


(6) Percentage resilience under known 
load deflection range, and frequency. 


Fic. 4.—Typical Oscillograms for Neoprene (a) and Rubber (0). 


data sheet obtained for a similar rubber 
compound (2): 


(1) Neoprene type E................-. 100. 
Extra light calcined magnesia....... . 5. 
FF wood rosin. .. 
Pheny]-b- naphthylamine 
Sulfur..... 
Litharge. . 3. 
Press cure—80 min. at 141.7C. (287F) 
Durometer A hardness—41 

5. 
Stearic acid. . 
Phenyl-alpha- naphthylamine. 1. 
Tetra-methyl-thiuram-monosulfide.. 0.3 


Cure—15 min. at 152.8C. (307F) 
Durometer A hardness—39 
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In Fig. 5 curves (a) and (6) are derived 
from the oscillograms shown in Fig. 4(a) 
and (b), respectively. 

Referring to Fig. 4(a), the reference 
line is traced around the recording drum 
as the first step in any test. This is 
done with the heavy end of the lever 
held in the position corresponding to 
zro deformation of the test specimen 
by allowing the recorder drum to rotate 
through one revolution. Reproducible 
results are obtained only on test speci- 
mens which have been through several 
cycles of loading and unloading. For 


280 
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position, the motor drive was turned on 
and when the pen reached point A the 
hook was released and the oscillations 
recorded. After the oscillations were 
damped out and the record became a 
smooth line the drum was stopped and a 
vertical line was traced as the test speci- 
men slowly compressed further under 
the load. The length of this line after 
any time interval is a measure of creep. 
At the end of two minutes the drum was 
rotated a short distance by hand to mark 
the end of the line DE and the heavy 
end of the lever was fastened in its 


| 


240 


260 -4—+ 


220 


0 
Neoprene..0 2 4 6 
Rubber... 0 


NO 
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+ 
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Fic. 5.—Static Hysteresis Loops and Dynamic Moduli Derived from the Oscillograms of Fig. 4. 


that reason, before beginning the oscil- 
logram proper several complete sets of 
oscillations are run but are recorded 
only as arcs as shown on the left end of 
the oscillogram in Fig. 4(a). It will be 
seen that the lower end of each of these 
arcs can be compared with its predeces- 
sor to observe whether or not the same 
compression is being obtained on suc- 
cessive trials. It is, of course, neces- 
sary that the weights used for the con- 
ditioning cycles be the same as those to 
be used in the test. For the oscillogram 
of Fig. 4(a) six weights were used on 
the heavy end imposing an average load 
of 120 psi. on the test specimen. 


With the heavy end in an elevated 


original position by re-engaging the 
hook. Since creep had occurred the 
pellet no longer filled the distance be- 
tween the two loading platforms. By 
turning the micrometer head, the upper 
platen was brought down to the new 
height of the pellet. The distance it 
moved was recorded as the set. In the 
test under discussion, this was recorded 
as 0.007 in. The creep which occurred 
during the same time interval of 2 min. 
was 0.006 in. There is no apparent 
reason why these two figures should 
check accurately, since one figure repre- 
sents change in height under load and 
the other change in height of the un- 


loaded pellet. After measuring the set 
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micrometer was returned to its 
former setting. 

Measurements of creep and set over 
relatively short time intervals can be of 
only limited usefulness. A few com- 
parisons between the short-time drift 
and drift over longer periods of time 
have indicated, however, that in a given 
class of compositions there may be a 
rough correlation between short-time 
drift and the total creep which would 
occur over longer periods of time. By 
plotting creep against time, curves of 
the type shown in Fig. 6 may be ob- 
tained. 


pression axes to obtain the hysteres 
loop shown in Fig. 5(a). 

From the static loading and unloading 
curve thus obtained, it is possible 
calculate the energy in inch pounds per 
cubic inch of stock required for compres. 
sion to any desired extent. This is done 
by measuring the area under the curve 
up to the desired percentage of com. 
pression and expressing the area jp 
terms of the quantities plotted on the 
axes. For example, one square on the 
curve sheet corresponds to a load of 2 
psi. multiplied by a deflection of 2 per 
cent in a test specimen 1 in. high. The 
energy is, therefore, 20 by 0.02 or 04 


| 
| | | 
| = 
0 | = 


0 lo 20 30 


After completion of the creep test, 
the drum was then rotated so that the 
- pen rested on point F and at this point 
all weights were removed from the 
machine. The hook was then held back 
_ and one weight was added to the pen end 
of the lever. Compression under the 
load of 20 psi. is represented on the 
chart (Fig. 4(a)) by the line FG, 
after which rotation of the drum by 
hand caused the line GH to be drawn. 
Weights were added stepwise in this 
way to the full load capacity of the 
machine, 280 psi. and were then removed 
_ one by one in order to obtain unloading 
data. The deflections corresponding to 
these loads were replotted on load com- 


40 50 60 70 80 
Hours 


. 


7 Fic. 6.—Creep Data Obtained on the Oscillograph for Two Neoprene Compositions Under 240 psi 


in-lb. per cu. in. of stock. For 4 
specific example, consider compression 
of 40.4 per cent on the curve of Fig. 5(0). 
The area under the loading curve up to 
this point gives an energy value of 414 
in-lb. per cu. in. 

Again referring to Fig. 4(a), the length 
of the line AB can be used to calculate 
the energy of the impact which caused 
the compression of 40.4 per cent. This 
calculation, based on Eq. 12, is 4 by 6 


by 2.02 = 48.4 in-lb. per cu. in. @ | 


stock. If the static characteristics 0 
this neoprene and its characteristics a 
the frequency of the dynamic test ate 
the same, the impact energy should be 
the same as that previously calculated 
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from the static load-compression curve. 
There is a discrepancy, however, and 
the dynamic energy is greater than that 
calculated from the static curve. The 
percentage resilience of the compound 
under these load conditions can be cal- 
culated from the ratio of the vertical 
heights of the lines BC and AB. This 
figure is 1.58 divided by 2.02 = 78.2 per 
cent. It should be noted, however, 
that this value of the resilience was de- 
termined for the compound at 21 C. at 
the stated load, deflection range and 
frequency; and that a change in one of 
the variables might change the resilience. 

We now come to the calculation of 
eflective modulus in pounds per square 
inch. The calculation of frequency in 
this case is based on 5 cycles and on 
elapsed time of 1.35 sec. so that f = 5 
divided by 1.35 = 3.70 cycles per 
second, where 1.35 is the distance JK 
in Fig. 4(a). Therefore, f? is 13.8 
and from Eq. 11 J = 0.0813 + 6 &X 
0.0307 = 0.2655 slug ft.2  Substitut- 
ing in Eq. 10, K = 210 X 0.2655 X 
13.8 = 769 psi. If the static and dy- 
namic characteristics of neoprene were 
the same, this calculated value for the 
dynamic modulus should be numerically 
equal to the slope of the tangent drawn 
to the static load-compression curve 
shown in Fig. 5(a) at the load of 120 psi. 
For purposes of demonstration, how- 
ever, it is inore convenient to plot the 
value of K on the load-compression curve 
by drawing a straight line of the proper 
slope at the point corresponding to the 
point D in Fig. 4(a). At the point D 
the load is 120 psi. and the compression 
8 25.6 per cent. This point is indicated 
on Fig. 5(a) by the cross, and the dotted 
line represents the dynamic modulus. 
Here it can be seen that the effective 
dynamic modulus is greater than the 
static modulus represented by the slope 


of the load- -compression curve at 120 
psi. 


The frequency of the test is deter- 
mined by the value of K and the inertia 
of the machine. Ata given load, K can- 
not be independently varied, but within — 
a restricted range the inertia of the ma- 
chine can be varied. For example, for 
the test of Fig. 4(a) there were six 
weights on one end of the machine and © 
no weights on the other. The same 
load could have been obtained by using 
ten weights on one end of the machine 
and only four on the other. This would 
have increased the inertia of the machine 
and decreased the frequency of the test. 
For brevity, additional data are not 
given here. It appears, however, that a 
greater difference in frequency must 
usually be used than is possible by this 
method in order to measure the effect 
of test frequency upon the value of the 
dynamic modulus. 

For simplicity the foregoing discussion 
has been based upon the test of neoprene 
illustrated in Fig. 4(a). will be 
understood that the test is equally ap- 
plicable to rubber and other rubber- 
like materials. For example, similar 
calculations can be made for the data 
in Fig. 4(6) for rubber. The static and 
dynamic moduli are illustrated in Fig. 
5(6) and it is significant that they are 
within experimental error the same. In 
this respect, they differ from the results 
for neoprene. In further confirmation 
of the difference between the neoprene 
compound and the rubber compound, 
the energy values also correspond for the 
static and dynamic tests. The energy 
imparted to the rubber by the impact in 
Fig. 4(b) is 4X 5 X 2.05 = 41.0 in-lb. 
per cu. in. of stock. The area under the 
curve up to 41.0 per cent compression 
gives 40.4 in-lb. per cu. in. of stock. 
This also seems to be in almost perfect 
agreement with the value obtained 
from the dynamic test. 

It is likely that the difference between 
static and dynamic characteristics are 
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linked in some specific way with the 
damping factor of a given compound: 
that compounds having high resilience 
__-will show the least difference between 
_ static and dynamic characteristics and 
that the discrepancy between the two is 
in general widened as the resilience 
decreases. It is important to em- 
_ phasize, however, that the value K is 
given as an effective dynamic modulus 
_ but not an actual physical modulus. It 
is in a sense a fictional quantity. Ac- 
— tually the oscillations do not occur over 
a linear load-compression relationship 
except for small deflections near zero 
load and for heavily reinforced composi- 
tions. However, the dynamic modulus 
is a quantity which has greater signif- 
icance with respect to vibration calcula- 
tions than any value that could be taken 
from the static curve. 

Brevity requires that treatment of cer- 
tain details be restricted to brief state- 


for example, have been confirmed by 
tests of a calibrated coil spring. With 
respect to the molded test specimens, the 
__ use of nominal rather than actual dimen- 
sions seems justified since mold shrinkage 
is characteristic of a given vulcanizate 
either in the preparation of test speci- 
mens or in the manufacture of articles 
in production. Test specimens can be 
prepared in other ways than molding 
special circumstances may require. 
_ Slight errors in testing have been noticed 
due to frictional losses between the sur- 
face of the test specimen and the com- 
pressing platens. These errors may be 
eliminated by using test specimens ad- 
hered to metal end plates. 


Conclusions: 


The oscillograph described has been 
a developed primarily as a laboratory 


mt: 


avt © eo 
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instrument to evaluate rubber and 
neoprene compounds for mechanica| 
applications. It is complete in_ itself 
as a means of measuring all of the quan- 
tities inherently involved in such service 
in units which are understandable t 
rubber technologists and mechanic, 
engineers alike. It is hoped that it may 
serve its purpose by bringing into closer 
cooperation those who make and thos 
who use rubber springs. The details of 
the test have been carefully developed 
and it is expected that the machine and 
standard test specimen described wil 
not need essential modification for rov- 
tine use. However, enough background 
has been given so that the machine may 
be modified in accordance with definite 
principles in order to gain greater load 
capacity if required. The test has been 
restricted thus far to compression. The 
author expects to adapt the machine to 
tests in shear, and by correlation be- 
tween shear data and _ compression 
data to obtain figures capable of sub- 
stitution in relationships already offered 
by other investigators**°* for cal 
culations in the applications and design 
of rubber springs. This field of cal 
culation is complicated and in an early 
state of development, but by the use of 
the oscillograph it should be easier to 
obtain the quantities of information 
required to clarify our understanding 
of the mechanical characteristics ¢ 
rubber-like materials within the range 
of deformation encountered in structural 
use. 

3 C.F. Hirshfeld and E. H. Piron, ‘‘Rubber Cushionisg 
Devices,” Transactions, Am. Soc. Mechanical Engrs., Vo: 
59, p. 471 (1937). ‘ ; 

*E. H. Hull, “The Use of Rubber in Vibration Iso 
tion,” Transactions, Am. Soc. Mechanical Engrs., Vol. 4, 
p. A109 (1937). 

6 J. F. D. Smith, ‘Rubber Mountings,’’ Transaciiom, 
Am. Soc. Mechanical Engrs., Vol. 5, p. A13 (1938)... 

*F. L. Haushalter, Mechanical Characteris 


of Rubber,” Transactions, Am. Soc. Mechanical Engts, 
Vol. 61, p. 149 (1939). 
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Me. S. D. GenHMAN! (presented in 
written form).—The instrument is well 
suited for the purpose intended and 
should be particularly useful in the de- 
velopment of compounds. The test is 
comparatively simple, rapid, and accu- 
rate. The author has sufficiently real- 
ized and pointed out some of the limita- 
tions of the data, in regard to set and 
creep, for instance. 

The test differs from most dynamic 
tests that have been described in that the 
oscillations are free rather than forced. 
In most mechanical applications of rub- 
ber the vibrations are forced. It would 
be worth while to know whether these 
two fundamentally different types of 
testing give corresponding results. The 
free vibration system is much simpler. 
The frequencies used for testing rubber 
under forced vibrations have usually 
been much higher than those in the pres- 
ent test but the evidence in the literature 
indicates that the dependence on fre- 
quency is not so very great. 

The paper gives an incomplete im- 
pression in regard to the comparison of 
the dynamic and static moduli for rubber 
from the one example cited, for which 
the two moduli were found to be the 
same. Data published by other investi- 
gators seems to leave little question but 
that the dynamic modulus for some com- 
pounds is higher than the static value. 
Thus, Kosten? states that the ratio of 
the dynamic to the static modulus, as a 


' Physicist, Research Dept., The Goodyear Tire and 
Rubber Co., Akron, Ohio. 4 . 
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DISCUSSION 


rule, lies between 1 and 2. It is true 
that for some of his compounds the 
difference was very small. 

Mr. L. YERZLEY.’—Mr. Geh- 
man has raised a very interesting and 
important question. Both free and 
forced vibrations occur in various types 
of mounting service and it seems likely 
that tests under both sets of conditions 
should be conducted until our knowledge 
is sufficient to generalize from one condi- 
tion to the other. 

The examples chosen for the paper to 
illustrate the methods of calculation do 
not show the range of characteristics that 
different compositions may have. Data 
obtained for a variety of neoprene and 
rubber compounds seem to confirm the 
relative values of dynamic and static 
moduli as reported by Kosten. 

Mr. H. A. DEpPEw.‘—I should like to 
ask Mr. Yerzley: first, what is the differ- 
ence between forced and free vibration 
to which Mr. Gehman referred; and 
secondly, how does this test compare 
with the pendulum test that has been 
described by the Goodyear people and 
by Dunlop? 

Mr. YERZLEY.—Perhaps the easiest 
way to answer the first part of the ques- 
tion is to cite an example familiar to all 
of us. Consider an automotive support 
in which the normal speed of rotation of 
the engine may be as high as 4000 r.p.m. 
The frequency of forced oscillations 


Physicist, Rubber Chemicals Division, Organic 
Chemicals Dept., E. 1. du Pont de Nemours and Co., Inc., 
Wilmington, Del. 


T Compression,” Proceedings, Rubber 4 Research Chemist, American Zinc Sales Co., Co- 
echnology Conference (London), p. 987 (1938). lumbus, Ohio. 
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would be as high as 8000 or 16,000 


r.p.m., depending upon the number of 
cylinders in the engine. However, you 
may be familiar with the wide oscilla- 
tions of an engine which is idling. In 
such a case there is a degree of resonance 
between the motor speed and the natural 
frequency of the motor on its mountings. 
The frequency at resonance is the start- 
ing point for the rational design of 
mountings, and a test in which free oscil- 
lations are observed should have definite 
value. ‘This is particularly true because 
of the wide spread between the static 
characteristics and the dynamic char- 
acteristics of certain compositions. 

With respect to the second part of the 
question, it is significant that the resili- 
ence of rubber measured on the oscillo- 
graph may be as high as 95 per cent, 
while the resilience indicated by a pendu- 
Jum test may be only 80 or 85 per cent. 

Mr. F. C. THorn.>—What means are 
employed to prevent slippage between 
the sample and the plate, which, 
of course, would introduce irreversible 
work? 

Mr. YerzLey.—The loading surfaces 
are not lubricated, and we have found 
by test that in most cases the employ- 
ment of means to prevent slippage is not 
really warranted. However, under spe- 
cial conditions, which I do not at the 
moment know how to specify, precau- 
tions should be taken either by using 
a roughened surface such as sandpaper 
on the platens, or by using test pieces 
adhered to metal end plates. A few 
tests have indicated that elimination 
of slippage may be expected to in- 
crease the apparent resilience by 1 or 2 
per cent. On the other hand, inten- 
tional lubrication of the platens to in- 
crease slippage causes a pronounced 


i decrease in resilience. 


_§ « Chief Chemist, The Garlock Packing Co., Palmyra, 
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Mr. J. J. ALLEN.’—Has any wor 
been done on the use of this machine jy 
relation to preloading? If you stay 
with a 3-in. thick sample, it would ny: 
be 3 in. high at the high point of the 
curve after preloading, but some | 
thickness. 

Mr. YERZLEY.— That condition occys: 
in every test because the starting height 
and the successive heights at the hig! 
points of the curve are points of i: 
creasing compression. 

Mr. ARTHUR W. CARPENTER.’—I pr 
sume that Mr. Yerzley has consider 
the question of testing samples in wha 
we ordinarily refer to as shear, although 
his discussion has dealt solely with con- 
pression. Shear is very important is 
the automotive field, and I am inquiring 
simply for information as to whethe 
work has been done along this other lin 
also. 

Mr. YERZLEY.—So far, tests have 
not been made in shear, but the machine 
is readily adaptable to shear, and I hop 
to do some work along that line in th 
not too distant future. 

Mr. R. S. HAVENHILL.* I should like 
to ask Mr. Yerzley whether there is any 
appreciable temperature rise in the 
sample during this test, and if any wor 
has been done at other than room tem 
perature. 

Mr. YERZLEY.—-Most of the work s 
far has been performed at room ten 
perature. There have been a few tes 
of neoprene at elevated temperatures 
which showed a slight increase in resi 
ence and about the same modulus. It 
any given test the energy absorbed bi 
the test specimen is inadequate to ptr 
duce an er temperature rise. 


6 Chief Chemist, Mechanical Rubber Goods Divisio 
The Firestone Tire and Rubber Co., Akron, Oh C 

7 Manager of Testing L aboratories, The B.F.G 
Co., Akron, Ohio. 

’ Rubber Research Chemist, St. . Lead 
Monaca, Pa. 
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D. S. McKinney! 


SYNOPSIS 


The method of calculating the equilibrium concentrations of the consti- 
tuents of water solutions from the equilibrium constants, the law of the 
conservation of matter and the principle of electrical neutrality is described. 
The use of the activity function is discussed, and the formulas for the calcula- 
tion of the activity coefficients of ions from the Debye-Hiickel equation are 


given. The effect of temperature on the equilibria is discussed. 


The formulas 


relating the equilibrium constants to other thermodynamic quantities such as 
the free energy, heats and entropies of reaction, and the electromotive force 


of cells are given. 


field of corrosion or of water treatment. 


During the past twenty years, the 
work of Lewis (1)* in applying the ther- 
modynamics of Gibbs to chemical prob- 
lems and the development of a reason- 
ably accurate theory of electrolytes by 
Debye and Hiickel (2, 3) have encouraged 
experimental work so that today there 
exists a great mass of data which can be 
used in many calculations of industrial 
interest. Even when the necessary data 
are not available, an understanding of 
the principles involved in the calcula- 
tions will often indicate that a relatively 
simple measurement will allow the calcu- 
lation of a result that is very difficult to 
measure directly. One purpose of this 
paper is to make the fundamental for- 
mulas and definitions available, in as 
brief a form as is possible, to the reader 
who has not followed the modern devel- 
opment of the theory, so that he may use 


cpissistant Professor of Chemistry, Carnegie Institute 
, Pittsburgh, Pa. 

i he bol face numbers in parentheses refer to the 
reports and papers appearing in the list of references 
bpended to this paper, see p. 1202. 
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the great mass of experimental data that 
has been accumulated. 

The study of equilibria in solutions of 
electrolytes necessarily forms but a small 
part of the majority of courses in physi- 
cal chemistry. In order to secure 
brevity, most of the problems are solved 
by making approximations suitable to 
the particular case under discussion but 
not applicable in general. The first 
purpose of this paper is to remind 
chemists of the fundamental principles 
which all equilibrium calculations must 
satisfy. 

In order to avoid algebraic complica- 
tions, the method will first be developed 
using concentrations in the equilibrium 
expressions. The activity function will 
then be discussed, and the equilibrium 
formulas modified to include activities. 


Fundamental Principles Available for the 
Solution of Equilibrium Problems: 


We first assume in agreement with the 
Debye-Hiickel theory that all strong 
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electrolytes are completely dissociated. Solving this equation for [Ac”] and sy. 
The equations representing any system _ stituting in Eq. 6 gives: 
in equilibrium must satisfy the following 
three principles: 
I. All equilibria existing in the system 
must be satisfied. 

. No atoms are gained or lost in _ m 
chemical reactions (the law of con- = = +k (7 
servation of matter). 

S III. The sum of the charges on the ions an equation which, although more difi- 
; in the system must be zero (the cult to solve, has the advantage over the 
principle of electrical neutrality). ordinary hydrolysis equation in that it § From 
We shall first apply these principles to gives the correct H* ion concentration § From 
the relatively simple case of the hydrogen at low concentrations of sodium acetate, r 
ion concentration of a solution of sodium as is indicated by the following example. [A] 
acetate, whose concentration we take as_ The usual approximate formula used for 
m moles per liter. (All bracketed for- calculating the hydrolysis of a salt of where 
mulas in this paper indicate concentra- Kw char: 
tions in moles per liter.) this type is K,  m— [OH-)’ which i sui 
Then from principle I, we write: obtained by neglecting the OH™ ion pr- § be en 
(HYIACT] duced by the dissociation of water. In of te 
neutral water [H+] = [OH-] = 10° 
[HAc] Taking Kw = 10-“, K, = 1.8 X 10° prese 
Kw = [H*]{OH-]........ and [OH~] = 10~’, we calculate fromthe § the t 
approximate formula that m = 18 xX equa 
_ from principle II: 10°. Substituting this value of m in § solve 
the accurate formula, Eq. 7, give ina 
{H*] = 7.1 X 10-8, as compared with 
m = [Ac~] + [HAc]...... 10-7 from the approximate formula, aceti 
showing that the approximate formula is 
in error at this concentration by about #) If m 
[Nat] + [H+] = [OH-] + [Ac~].(5) per cent for sodium acetate. hett 
Equations obtained by the application 
of principles I, II, and III may always 
be solved by trial, regardless of thei 
complexity. For example, we may find from 
by trial the value of [H+] which makes giv 
the right hand side of Eq. 7 equal to Ky 


_ pest +, _ «mK, 


K,= 


principle III: 


We thus have five independent equations 

connecting the concentrations of the five 

molecular species present, from which we 

eliminate all but the H* ion concentra- 
tion as follows: 

Substituting Eq. 3 in Eq. 5 and solving 

f the resulting equation for [OH~], and 


substituting this value in Eq. 2 gives: Polybasic Acids: 


Kw = [Ht] { H+] — [Ac~]}. (6 We will now turn to a more interesting 
w = [H*] jm + [H*] — [Ac”];. (6) and industrially important case, a solv: 


Eliminating [HAc] from Eqs. 1 and 4 tion of known pH containing a know § 
gives: amount of COs. From principle I: 


m — [Acc] 
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d sub. K 
Kw = [H"J[OH]...... (10) 
K,) 
From principle II, if C = total moles 
(7 { COs, 
[H2CO;] + [HCO;~] + 
er the 
hat it From the definition for pH, [H+] = 10-°# 
ration § From principle III, 
etate, 
amp At] — [HCOs"] — 
ed for = const........ (12) 
alt of where the constant is the sum of the 
Lich is ‘barges on all the ions not involved in the 
) equilibria. This last equation will not 
npr § be employed until we consider the effect 
r. In § of temperature on the equilibrium con- 
10’ centrations. Excluding it for the 
« 10° present we see that, knowing the pH and 
ym the the total COe, Eqs. 8, 9, 10, 11 and the 
1.8 x equation of definition for pH may be 


mit solved for any desired ion concentration 
gives 


ina manner similar to that used in ob- 
1 with @ taining Eq. 7 for the hydrolysis of sodium 
rmula, @ acetate. This procedure would be used 
nula is if only a few calculations are to be made. 
out 3) If many calculations must be made, the 
better procedure is as follows: Solve 
cation Eq. 9 for [CO;~] and substitute in 
ilways Eq. 11. Then solve Eq. 8 for [HCO;~] 
ther and substitute in the equation resulting 
y fini § from substituting the [CO;-] in Eq. 11 
makes giving: 
10 Ky 
C = [H,CO,] + 
esting | Ki-Ke 


or free CO.) 


Similarly: 


1193 


(the fraction of the total CO: present as 


Ke 
[H+] © [HtP 


Making use of the definition for pH we 


obtain, 
C 1+ K, X 10PH 
+ K,-Ke X 
[HCOs Ki X 10°" (18) 
1+ X 10°H 
+ Ki: Ke X 10°? 
C 
+ K,-Ke X 10°P# 
(H*] =107# (20) 


[OH] = Kw X 10°"... (21) 


A table or plot of [H+], [OH~], and 
the fraction of the total COz present as 
each molecular species is then made using 
the pH as the independent variable in 
Eqs. 17 to 21. From the plot or table, 
the concentrations of ana [OH~] 
may be read directly. The concentra- 
tion of each molecular species containing 
CO: is easily obtained by reading from 
the plot the fraction present at the 
known pH and multiplying this value by 
the total CO2 concentration. 

The method outlined was proposed in 
a paper by the author (4) and is em- 
bodied in the tentative methods of water 
analysis published by the Society in 


oh 
= 
| 
| 
— } 
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1938.54 Its extension to other sub- 
stances such as H;PO,, and 
NH,OH is obvious. The paper men- 
tioned fully describes the method to be 
used when the solution contains both 
CO, and orthophosphates. 

Such tables are very useful in calculat- 
ing the solubility of relatively insoluble 
salts from their solubility product con- 
stants when the negative ion of the salt 
is involved in the equilibria existing in 
the system. For example, if one wishes 
to calculate the residual calcium after 
treatment with soda ash or an ortho- 
phosphate, one should know the pH 
value and the total COz or phosphate 
present. From the table or graph the 
concentration of or [PO] is cal- 
culated and the resulting value substi- 
tuted in the solubility product expres- 
sion. At 25C. and pH = 10, only 35 
per cent of the COs is in the form of CO;> 
ion and only 0.36 per cent of the ortho- 
phosphate in the form of PO; ion (4) . 
Making use of the solubility product for 
Ca;(PO,)o, L= [Ca++ Let 
the total phosphate = P. Then on 
assuming that all the phosphate is pres- 
ent as PO, we have L = [Ca**],’. P?, 
whereas the substitution PO,= = 0.0036P 
gives L = [Ca**],°. (0.0036)?P?. Equat- 
ing these two expressions and solving for 
the ratio [Cat*]./[Ca**], 


[Ca**], _ 1 


(Cat*}, ~ (0.0036)2 ~ 49 


Thus, one finds that the concentration of 
Cat* ion remaining in solution is 43 
times the value found if the total phos- 
phate is used in the solubility product 
expression. 


_ 3 Tentative Method for Determination of Total Carbon 
Dioxide and Calculation of the Carbonate and Bicarbonate 
lons in Industrial Waters (D 513-38 T), Proceedings, 
Am. Soc. Testing Mats., Vol. 38, Part I, p. 1277 (1938); also 
1938 Book of A.S.T.M. Tentative Standards, p. 1595. 

4 Tentative Method for Determination of the Total 
Orthophosphate and Calculation of the Respective 
Orthophosphate Ions in Industrial Waters (D 515 - 38 T), 
Proceedings, Am. Soc. Testing Mats., Vol. 38, Part I, p. 
1283 (1938); also 1938 Book of A.S.T.M. Tentative Stand- 
ards, p. 1601. 


The Activity Function and the Deby. 

Hiickel Equation: 

The Arrhenius theory of electrolys; 
dissociation, proposed in 1887, was ab) 
to explain quantitatively the behavior, 
weak electrolytes when present alone in 
solution. Results calculated by apply. 
ing this theory to mixtures of weak an 
strong electrolytes or to strong electr 
lytes alone were only qualitatively cor. 
rect. In order to secure quantitatiy 
agreement, it would be necessary { 
assume that equilibrium constants and 
solubility products varied with the con. 
centration of the solution. 

Little progress was made in the treat- 
ment of strong electrolytes until 1921 
when Lewis and Randall (1) proposed 
that a new function, the activity, be used 
in place of the concentration in all equi- 
librium expressions. This _ proposal 
would have been of little practical value 
had they not, at the same time, dis 
covered that: “In dilute solutions, the 
activity coefficient of a given ion is the 
same in all solutions of the same ionic 
strength.” The activity function (fora 
solute in solution) has the following prop- 
erties. At infinite dilution, activity 
equals the concentration. ‘This assump- 
tion is necessary since the Arrhenius 
theory explains quantitatively the behav- 
ior of weak electrolytes in solution (that 
is, the ion concentration is very low). At 
high ion concentrations, the activity must 
take on such values that the equilibrium 
constants do not vary with concentra 
tion. For pure solids or liquids, the at- 
tivity is arbitrarily set equal to one. 
For perfect gases, the activity is equal 
to the pressure in atmospheres. The 
relation between concentration and at- 
tivity for solutes is given by the 
equation: 

a= 
activity, 
activity coefficient, and 
concentration (molarity) 


where a 
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The ionic strength () is defined by the 


equation : 
civi 


ionic strength 
= concentration of 

(molarity) 

y, = valence of ith ion 
and the expression is summed over all 
ions in solution. ‘The calculation of the 
ionic strength is best illustrated by an 
example. Consider a solution which 
contains NaCl, Fe2(SOx)3 and NaeSO, 
each at 0.01 moles per liter. The ion 
concentrations will then be [Nat] = 
0.03; [Fet*+] = 0.02; [SO.-] = 0.04 and 
(Cl-] = 0.01 moles per liter. 


where p = 
ith ion 


| 


A table of ion activity coefficients versus 
ionic strength is given by Lewis and 
Randall (1). 

It will be recognized that the work of 
lewis and Randall represented a con- 
siderable advance, since previous to their 
work it was necessary to measure activi- 
ties in every solution which might be met 
in practice. After the discovery of the 
relation of activity to ionic strength it 
was necessary, if solutions were dilute, 
‘o measure the activity of a given sub- 
‘tance in the presence of one added salt. 
One was then assured that the activity 
coefficient of the substance would be 
the same, regardless of the added elec- 
trolyte, so long as the ionic strength 
remained the same. 


their equation, which is valid in dilute 
solution, is: 
=— V 1000 
(Na‘]-17 + [Fet**]-3? + [SO,"]-2? where D = dielectric constant of the 
+ (cr) solvent, 
. > T = absolute temperature (deg. 
Kelvin), 
0.03 + 0.02 X9 + 0.04 K 4+ 0.01 « = charge on the electron, 
N = Avogadro’s number, 
k = Boltzmann’s constant, and 
= 0.19 R = gas constant = k-N, 


4495 


In 1923 Debye and Hiickel (2, 3) were - 
able to derive an equation for the ac- 
tivity coefficient of an ion, which has 
since been confirmed experimentally by 
many investigators. Whereas the Ar- 
rhenius theory assumed that the ions — 
behaved like neutral molecules and that — 
the behavior of electrolytes was due to 
their partial dissociation into ions, Debye 
and Hiickel assumed that all strong elec- 
trolytes were completely ionized and 
that their deviation from ideal behavior 
was due to the electrostatic forces be- 
tween the ions. The simplest form of 


the remaining symbols having the same 
significance as before. It will be seen 
that A is made up of universal cea 
Inserting their values into the expression 
for A gives: A = 1.815 X 10° For 
water, D = 88.00 at OC. and 78.54 at 
25 C. so that the equation becomes: 


at OC., or 
at 25 C. 


From the data of Wyman (5), 


log = 
log ¥: = 


D = 78.54 {1 — 0.00460(¢ — 25) + 


01.0000088(¢ — 25)*} 


where ¢ is the temperature in degrees 
Centigrade, and D represents the dielec- 
tric constant of water from 0 to 150 C. 
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within experimental error. The proper 
value of D for any temperature desired in 
this range may thus be calculated and 
_ inserted in the above equation. 

The more complete forms of the 
Debye-Hiickel equation contain con- 
stants which depend on the molecular 
_ species present and which must be deter- 
mined experimentally. In calculations 
on water analysis, the solutions are usu- 
ally sufficiently dilute that the simple 
equation above gives results as accurate 
as the data available for making the 
calculations. Until more accurate 
data (6) (equilibrium constants and the 
_ like) and more accurate experimental 
methods are available, nothing is gained 
by the use of a more complicated 
equation. 

We are now ready to correct the equa-— 
tions derived in the first part of the paper 
so as to comply with modern ideas. 
Taking the first example, the hydrolysis 
of sodium acetate, we see that we should 
write in place of Eqs. 1 and 2: 


Kw = ....-.- (2’) 
_ Introducing activity coefficients, 
= 
[HAC] 
and 
Placing the activity coefficients with the 
equilibrium constants, 
(HVAC) gy 
[HAc] 
and 
...(2” 
‘YH** YOH- 


The right-hand side of each of they 
equations is now identical with Eqs, { 
and 2 and our solution will be the sam 
as before except that K, and Ky of Eq.7 
must be replaced by the left-hand sid 
side of Eqs. 1” and 2”, respective 
Our equation then becomes 


YH** YOH- 

lug 


It should be noted at this point that iz 
terms of activities, the 


r 


1 1 
H = log — = a 
og log 0 


ay+ = vu = 


which replaces Eq. 20. Similarly, in the 
example on the carbonate equilibrium 
the three fractions calculated, namely 
[HCO3] [HCO;"] {CO; 

Cc? and or 


18, anc 19) should be replaced by == 


(Eqs. 1i 


eed 


c 
sum of the activities of H.CO;, HC0; 
and CO;-. 

Very few activity coefficients have 
been determined for uncharged molecule 
in solution. However, it is known that 
they fall off much less rapidly with it 
crease in ionic strength than do the ion 
activity coefficients. In dilute solutions 
therefore, satisfactory results will 
obtained if the activity coefficients 0 
uncharged molecules are assumed to be 
unity. 

These ideas are applied as follow: 


where a, means the 
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that the activity coefficients are each 
equal to one. (This is equivalent to 
assuming that concentrations and activi- 
ties are identica!.) 

2. The resulting distribution of ions 
involved in the equilibrium may be con- 
siderably in error but is usually accurate 
enough for the calculation of the ionic 
strength. 

3. From the ionic strength so calcu- 
lated, the activity coefficients may be 
calculated using the Debye-Hiickel 
equation. 

4. The activity coefficients are then 
inserted in the equations and the con- 
centrations recalculated. ‘These concen- 
trations will be more nearly correct than 
those obtained in Step (1). The ionic 
strength is then recalculated using the 
new concentrations. If the result differs 
appreciably from the result of (2) above, 
the process is repeated until no further 
appreciable change occurs. 

The application to the case of the car- 
bonate equilibrium is described and illus- 
trated in the paper “Interpretation of 
Water Analysis” referred to above. It 
should be noted that the ionic strength 
used in that paper is twice the ionic 
strength as defined herein. The latter 
definition is that used by Lewis and in 
general use in present-day literature. 


Effect of Temperature on Equilibria: 


Relatively few ionic equilibria have 
been studied at higher than room tem- 
perature. However, in many cases, the 
heat of reaction at 25 C.is known. We 
may then employ van’t Hoff’s equation 
to calculate the equilibrium constants 
at other temperatures: 


Kr _ () -+) 
K, R\T 
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where log. K is the natural logarithm of 
the equilibrium constant, and AH is the 
heat of reaction in calories. It should © 
be noted that a negative value for AH 
means that the system loses heat, that is, 
that the reaction is exothermic. 

If no other data exist, one can only 
hope that AH does not vary much with 


temperature. Assuming it constant, 
Kr 
AH 1 
whence 


Usually, K and AH are tabulated at 25 C. 
(298.1 Kelvin). Assuming AH, T, and K, 
refer to the quantities at 298.1 Kelvin, 
changing from natural logs to logy and 
inserting the value of R gives: 

Kn. 1 4.58 \298.1 
from which K7, the constant at absolute 
temperature 7, may be calculated. The 
cases in which AH for ionic reactions is 
known as a function of temperature are 
very few. The reader is therefore re- 
ferred to Lewis and Randall (1), for a 
more complete consideration of this 
problem. 

The values of Kr thus calculated may, 
in the case of a simple problem like the 
hydrolysis of sodium acetate, be inserted 
in the equations obtained by application 
of principle I and solved as outlined 
above, remembering that the activity 
coefficients must be calculated from the 
Debye-Hiickel equation containing the 
appropriate values of D and T. 

Ky, the dissociation constant for water, 
has been determined over a wide range 
of temperatures. The values are tabu- 


logio - 


lated in a paper, by Amorosi and Mc- 
Dermet (7). 

For polybasic acids, a new table or 
graph of the activity fractions is con- 
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structed for the desired temperature, 
using the dissociation constants calcu- 
lated as above. Referring to the CO, 
problem, it will be remembered that we 
have not used the equation of electrical 
neutrality (Eq. 12), [H+] — [OH-] — 
{HCO;-] — 2[CO;-] = const. = G. 
Considering first the case when the total 
volume of water is not changed, for ex- 
ample in a closed heater, the constant G 
will not change, since it represents the 
sum of the charges on the ions not in- 
volved in the equilibrium. Both the 
distribution and quantity of CO, present 
may change with increase of tempera- 
ture. If the total CO: present at the 
higher temperature is measured, one 
may find, by trial, the pH at the 
higher temperature which satisfies the 
equation of electrical neutrality with the 
known value of G determined at room 
temperature. The pH thus found also 
gives the distribution of CO2 between its 
various forms and the Ht and OH~ con- 
centrations. When the total volume of 
water changes, due either to evaporation 
or dilution with pure water, for example 
by condensation of steam, the change in 
G may be calculated from the equation 
GiV, = where G,; and V;, refer to 
the original condition and G2 and V2 to 
the final condition. Hence, to calculate 
G for the final state one need know only 
the ratio of the initial to the final vol- 
umes. We may then calculate from 
analyses made at room temperature the 
complete analysis as it would be at the 
higher temperature. The method will 
be fully illustrated by applying it to the 
CO, equilibrium in the paper referred to 
above, by Amorosi and McDermet. 


Calculation of Equilibrium Constants from 
Other Data: 


The equilibrium constants, for the 
reactions considered thus far, are avail- 
able in the literature. In many cases 
to which the reader may wish to apply 
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the methods considered, the equilibriyy 
constants are not calculated, but othe 
data are given from which they may be 
obtained. 


Free Energy: 


One such quantity is the free energ, 
The standard free energy change (AF 
for a reaction is related to the equilib 
rium constant by the equation AF° = 
—RT loge K = —4.5787 T logy K 

To illustrate the use of this function, 
let us consider the question as to whether 
CO, in dry or superheated steam can be 
responsible for the corrosion noted in 
steam lines. If the COs is to be respon. 
sible for any considerable corrosion, it 
must dissociate, producing Oy at a pres 
sure comparable to that produced by the 
water vapor, that is, the following tw 
reactions must produce practically the 
same partial pressure of oxygen: 


if it is assumed that the pressure of 02's 
the same from the two reactions. We 


Kco, 
note that ——” = K for the water g2 


Kuo 
reaction 


CO. + — CO + H0; 


K= Puzo 
Pco,* Pu, 
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8) we 
= 


At 12 
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CO2 
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Ho = > 
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or 
1/2 
1/2 
Kyo Poco, Pry: Po, 
‘i 
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Action, 
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lly 


and further, if we start with pure H,O 
and CO, and produce equal quantities of 


0», then Py, = Pco. Hence, 
Py.0 
K = = 


From the International Critical Tables, 
(g) we obtain for the water gas reaction 
AF? = 10,100 — 1.81 Tlog.7° + 0.004457" 
—0.000000687% — 0.54T 
At 125C. (398.1 Kelvin) we obtain by 
substitution in this equation = 
6448 cal., and at 425 C. (698.1 Kelvin) 
AF°ews1 = 3757 cal. Substituting in the 
_ —AF° 
4.57877” 
Ky. = and Keys.1 = 10-1. 
From which, referring to the equation 
._ Puo 
same pressure of O2 from CO: and water 
vapor Poo, = 3470-Pyo at 125 C. and 
Pco, = 14.8-Py,o at 425 C. which em- 
braces the range of temperature usually 
met with in steam practice. Steam sel- 
dom contains more than 100 p.p.m. of 
CO; from which, since the partial pres- 
sures are proportional to the moles of ma- 


100 18 


terial present, Pco, = AA x i0 Pu.o 


= 41 X 10°Pyo. Comparing this 
value for the pressure of CO, with that 
calculated from the water gas reaction, 
we see that at 125 C. the CO» actu- 
4.1 X 105 

3470 
1.2 X 10°* times that required to pro- 
duce an oxygen pressure equal to that of 
thesteam. At 425 C. the corresponding 

4.1 X 105 

figure is 148 = 28 If 
the CO, is to produce appreciable corro- 
sion, these figures must be at least of the 
order of unity. We must, therefore, 
conclude that the CO, is not responsible 


fr 
lor the corrosion in dry or superheated 
steam. 


equation, logio K 


, we see that to produce the 


ally found in practice is 
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Free Energy and Heats of Reaction from 
Free Energies and Heats of Formation: 


In some cases, free energies or heats of 
reaction are not given for the reaction 
desired, but the corresponding free ener- 
gies and heats of formation of the various — 
compounds entering into the reaction are 
given, generally in calories per mole. 
The standard free energy for the reaction 
is then found by adding the free energies 
of formation of products, each multiplied 
by the number of moles in the balanced 
equation, from which is subtracted the 
similarly multiplied sum of the free 
energies of formation of reactants. For 
example, for the reaction: 


C2He(g) + 302(g) — 2CO.(g) + 
+ 50,750 + 0 2(— 94,450) 
+ (— 56,690) 


2(—94,450) + (—56,690) 
— 50,750 = —296,340 cal. 


AF? = 


The heat of reaction, AH, is calculated in 
exactly the same way from the heats of 
formation. It should be noted that both 
free energies and heats of formation of 
the elements are taken as zero when the 
elements are in their standard state. 
The standard state of an element is taken 
as that form of the element which is most 
stable at room temperature and at a 
pressure of one atmosphere. In assign- 
ing free energies and heats of formation 
to ions, it is necessary to fix the values 
for one ion arbitrarily. The value zero is 
therefore assigned to the H* ion at unit 
activity for both quantities. The heat 
of reaction (or of formation) when known 
at various temperatures may be ex- 
pressed as a function of temperature, 
usually as a power series, that is, 


AH = AH, + AY. T + #447, T° 
+ 4Ar.7*....... 


where the terms AI’ come from the equa- 
tion for change in the molal heat capacity 
at constant pressure. 


= 
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AC, = AP, 74+ 


AC, is calculated from the molal heat 
capacities, C,, of the substances involved 
in the reaction in exactly the same way 
as AF° and AH. 


Relation of Free Energy to the Heat Con- 
tent and Entropy: 


The free energies and heats of reaction 
are connected by the equation AF = 
AH — TAS, where AF = free energy, 
AH = heat of reaction and AS = change 
in entropy. It will be noted that if any 
two of these quantities are known, the 
third may be calculated. 

The absolute entropy of a substance 
may be evaluated from specific heat 
measurements, using the third law of 
thermodynamics, or may be calculated 
from spectral data. The entropy change 
for a reaction may then be obtained from 
the absolute entropies of the substances 
involved, in the same way that the free 
energy change for a reaction is obtained 
from the free energies of formation. A 
very excellent summary of data so ob- 
tained has been prepared by Kelley (9) 


Equilibrium Constants and Free Energies 
from the Electromotive Force of Cells: 


Many reactions have been investi- 
gated by studying the voltage of galvanic 
cells in which the reaction is carried out. 
The standard voltage (E°) of these cells 
is related to the equilibrium constant 
and the standard free energy change of 
the cell reaction by the equations 
_ RT 


- log. K 
nF 


—nSE° = AF® 


E° 


where E° = voltage of the cell when all 
reacting substances are at 
unit activity, 

gas constant, 

the number of Faradays of 
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electricity which would 


cn. 
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flow through the cell t, 
accomplish the reaction 
written, and 
F = 96,494 = the number gf 
coulombs per Faraday 
Changing to logarithms to the base {i 
and introducing the values of R and { 


E° 0.00019844 logio K 


& 
F° = — logio K 


at 298.1 Kelvin (25 C.) at which tem. 
perature most values of E° have been 
determined. 

A table of E° values for every possibk 
cell reaction would be of tremendous 
length (45 cells may be constructed using 
10 electrodes and 190 cells from 20 elec. 
trodes). It is evident then that table 
of E° values will be less cumbersome ant 
therefore more usable if a value of F 
can be assigned to each electrode reac. 
tion, from which the voltage for any cell, 
made by combining two electrodes, may 
be calculated. Since electrodes are 2: 
ways used in pairs to form cells, we maj 
arbitrarily define the E° (single electrote 
potential) for one electrode reaction ani 
measure the single electrode potentia! 
of all other electrodes relative to th 
value so defined. By definition ther 
for the electrode reaction H2(g, 1 atm 
— 2H*(a = 1) + 2e, E = Oatd 
temperatures. The single electrode p+ 
tential of any other electrode is the 
defined as the potential of the & 
formed by combining the electrode 
question with a standard’ hydrogen elec 
trode, all substances involved in the 
reaction being in their standard state 
that is, at unit activity. 

Consider the reaction: 


1) =! 
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Let the free energy change for this 
reaction be AF° and the standard poten- 
tial 

We may attain the same result in two 
steps by the reactions 


In + 2H*(a = 1) >Zn**(a = 1) 
+ H2(g, 1 atm); AF*,, 


H,(g, 1 atm) + Cut (a = 1) — 2H+ 
(a = 1) + Cu; AF%, Es 


vith free energy changes AF°, and AF%., 
and standard potentials E°®, and 
respectively. From the definition of 
single electrode potential given above, 
it will be noted that E°, is the single 
eectrode potential for zinc and E%s is the 
negative of the single electrode potential 
for copper. 

The free energy change of a reaction 
is the maximum energy which can be 
obtained from the reaction at constant 
pressure. Hence, AF®° = + 
for if, for example, AF° were greater 
than + the energy from the 
first reaction would be more than suffi- 
cient to run the remaining reactions 
backward, thus obtaining energy without 
consuming any material. This possi- 
bility is denied by the law of conserva- 
tion of energy. 

Substituting, AF° = —nE°F into the 
relation AF° = AF°, + AF*%, and chang- 
ing sign, we have = nE VF + 
nE°.f. Since ‘Fis a constant and nm has 
the same value, namely 2, for each reac- 
tion, we obtain: 


Thus we have proved that the standard 
potential for any cell reaction may be 
calculated by adding algebraically the 
single electrode potentials of the elec- 
trode reactions used in making the cell. 

Since the single electrode potential is 
always measured relative to the standard 
hydrogen electrode, it is unnecessary to 
include the latter in our formulation. 


The cell reaction considered above would 
then be formulated as follows: 


Single 
Electrode 
Potential 
Zn — Zn** + 2e............. +0.762 
+0.345 (negative of value 
tabulated) 
Zn + Cutt — Zn**+ + Cu 1.107 = E° (standard 
for the } 
ce 


The tables of single electrode poten- 
tials are constructed writing all half ; 
reactions as oxidations. When the com- 
plete reaction is formulated from two — 
half reactions, one of the latter must of 
course be written as a reduction and will © 
then be the reverse of one of the half 
reactions given in the table. When it is" 
necessary to reverse a half reaction, the 
sign of the single electrode potential is 
changed. If it is necessary to use a 
multiple of a half reaction, the value of - 
the single electrode potential remains 
constant. 

It will be more interesting to apply 
these principles to the fundamental reac- 


Fe 2H.O Fe(OH): + H, 


We find tabulated (10) the following 
half reactions, which when added to- 
gether give the reaction desired: 


Single 

Electrode 

Potential 
Fe + 20H- — Fe(OH): + 2e........... 877 
2e + 2H2O — 20H~ + Hz —0. 828 
Fe + 2H.O Fe(OH)2 + 0.049 


Substituting in the equation 


— 9.05 log K 
n 


0.049 = tog K 


from which K = 10' = 45.7. From 
this value of K it is evident that the cor- 
rosion of iron by water is spontaneous 
under most conditions under which iron 
is used, even in the absence of oxygen. 
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Some Data of Interest to Water Chemists: 

A brief table of the constants relating 
to a few substances of interest to water 
chemists is given below for use in con- 
nection with the various types of calcu- 
lations outlined: 


DISSOCIATION (IONIZATION) CONSTANTS (10, 11) 
AT 25 C. (298.1 Kelvin). 


| Ki K: K; 
| 1.15 X 1077 107% 
H2SOs.. 1.2 X 10% 107 
7.5 10-3 6.2 X10 10-2 
H2COs 4.31 X to 4.70 X 10-4. 


SOLUBILITY PRODUCT CONSTANTS (10, 11) AT 25C. 


Ca(OH): = 7.9 X 10°¢ 
CaCO; = 4.82 X 10°% 
Ca3(PO.4)2 = 107% | Fe(OH)s = 4 X 1073 

CaSO4-2H20 = 2.4 | Cu(OH): = 5.6 X 10°20 


Fe(OH): = 1.65 X 10715 
FeCO; = 2.11 107" 


STANDARD FREE ENERGIES AND 
ENTROPIES AT 25 C. (10, 11) 


A F® (cal.) | Ss 
—132 700 +11.4 
+23 420 —5.5 
H:SOs(aq).. —128 535 +54.7 
—116 400 +3 
HPO. A —257 270 —2.3 
da —240 970 —45.0 
H:COs(aq) —149 170 +45.1 
sige —140 490 +22.2 
—18 960 +26.4 
OH: —37 585 —2.49 
References: 


A paper such as this would be in- 
complete without a short list of books, 
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wherein the interested person may ¢}, 
tain additional data or a more comple, 
discussion of the problems involved ;; 

equilibrium calculations. G. N, Levis 
and M. Randall (1) have fully discuss 
the application of thermodynamics | 
chemical problems. Latimer (109) ay 
Latimer, Pitzer and Smith (11) hay 
examined a great mass of data on th 
properties of inorganic compounds, an} 
prepared tables of the best values ,j 
the constants pertaining to many rex. 
tions of inorganic chemistry. Mos 
of the data used in this paper are fron 
this source. Volume VII of the In. 
ternational Critical Tables (8) contains 
most of the data on free energies ani 
equilibrium constants and their chang 
with temperature. Since the data have 
not been revised recently, later liter 
ture should be examined for bette 
values of these quantities. The Debye 
Hiickel theory of electrolytes is mor 
completely discussed by F. H. Ma- 
Dougall (2) and by D. A. MacInnes 3 


Conclusion: 


It is hoped that the paper will stim: 
late interest in a subject that is high) 
developed theoretically, but is too s: 
dom applied to practical problems 
Such application will bring out the fac 
that the existing data, especially « 
regards changes of electrolytic equilibr 
with temperature, are fragmentary 
Appreciation of this state of affairs 
should encourage research in the mea 
urement of the various fundament 
constants pertaining to the many rea 
tions of industrial interest. 
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_ THE CALCULATION OF THE DISTRIBUTION OF CARBON DIOXIDE 


BETWEEN WATER AND STEAM 


By A. M. Amorosi' AnD J. R. McDERMET! 


SYNOPSIS 


This | paper first discusses very briefly the significance of dissolved carbon 


_ dioxide in water and then proceeds with similar brevity to discuss the under. 


lying principles of apparatus for removing dissolved gases from water by 
mechanical methods as opposed to chemical fixation methods. Processes of 
the mechanical type are known to be the use of different methods of attempt- 
ing to bring water into equilibrium with a degassifying atmosphere which is 
controlled for proper functioning. In the course of this discussion, the be- 
havior of COs, which combines chemically with water and is ionized in solu- 
tion, is differentiated from the behavior of permanent gases such as oxygen. 
The fundamental factors which control ionization, such as temperature, pH 
of solution, and the interrelation between pH and temperature, are discussed. 

The general facts summarized in the preceding paragraph are applied in 
detail by calculating the distribution of CO, in water among its several 
forms—-H2CO3, HCO;- and CO37. These calculations and the method for 
obtaining them, which is presented in detail, take account of the changes 
in ionization forms, the variations of solubility with temperature, and the 


change of pH with temperature. 


Commercial deaeration apparatus for 
the removal of permanent gases, notably 
oxygen, from industrial water supplies is 
available, which accomplishes the re- 
moval to a residual below the limits of 
chemical or physical determination. 
Completeness of removal of dissolved 
oxygen may be further insured beyond 
this uncertainty by the addition of clean- 
up or fixation reagents such as sodium 
sulfite so that oxygen has ceased to be a 
significant factor in causing internal 
corrosion of water-carrying pipes and 


1 Engineer, and Chief Engineer, respectively, Elliott 
Co., Jeannette, Pa. 


The method is presented for calculating 
these values at any temperature, and detailed calculations are presented for 
a series of temperatures characteristic of industrial hot water supply. 

The extent of the application of these data is shown in the concluding 
section by applying it to a deaerating feedwater heater of conventional form 
and known performance, when operating upon dissolved oxygen. 


vessels within the pH limits in which | 
oxygen is the controlling factor. Ac 
cordingly, attention is now being d: 
rected to the control of carbon dioxide 
concentration, both free and combined, 
as the next feasible step toward further 
progress in controlling oni forms 0 
corrosion. 

Mechanical deaeration de- 
pends for its successful operation up0 
an intelligent utilization of (1) Henrys 
law, (2) temperature-solubility relatior 
ships for CO, in water, and (3) the law 
of mass action. 

Henry’s law, stated in its simplest 
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nplest 


non-mathematical form, is that any 
sas which does not combine chemically 
with a given liquid is soluble in the 
liquid in direct proportion to the partial 
pressure of the gas in the region from 
which solution was attained. It is 
significant in this statement that the 
solubility varies with the partial pressure 
of the gas in question and is independent 
of other gases which may be present in 
the region from which solubility was 
secured. Conversely, it is also true, 
according to this statement, that a 
means of reducing gas in solution is to 
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Fic. 1.—Solubility of Carbon Dioxide in Wa- 
ter with One Atmosphere of CO, Pressure. 


agitate the liquid in a region in which 
the pressure of the significant gas is 
controlled to a very low value. The 
word “controlled” implies the continu- 
ous maintenance of desired pressure 
relationships, which in practice can be 
attained only by continuously changing 
the degasifying atmosphere since, in 
the process of gas removal, the pressure 
relationships are continuously being 
depreciated by contamination from the 
gas given off by the liquid. 

_ The solubility of CO, in water varies 
inversely as the temperature. This 
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relationship is given in Fig. 1 for a par- 
tial pressure of one atmosphere. The 
benefits from reduced solubility at 
elevated temperatures along with re- 
duced partial pressures by the control of 
steam atmospheres can be combined in 
gas removal at high temperatures. In 
the control, large quantities of a diluent 
gas or vapor are necessary. Steam is an 
advantageous medium, involving no 
preliminary scrubbing to remove traces 
of the significant gas. 

Henry’s law and _ temperature-solu- 
bility relationships for CO, in water do 
not take into consideration the factor of 
time for attaining equilibrium. This is 
cared for in practical apparatus by some 
form of agitation for the purpose of 
bringing the liquid and the degasifying 
atmosphere into more intimate contact. 
Rate of removal is further accelerated 
by reducing the significant gas content 
in the degasifying atmosphere to the 
lowest attainable value in order to facili- 
tate speed of removal. It is also affected 
by the viscosity of the water itself. A 
water of low viscosity allows a greater 
transfer of free CO, in the liquid. Since 
viscosity is a function of temperature, a 
high degasifying temperature again is 
indicated. Size considerations of the 
apparatus involved rarely if ever permit 
complete equilibrium to be attained. 

Carbon dioxide dissolved in water 
exists in three forms in equilibrium with 
each other: HeCO; (gaseous COs), bicar- 
bonate ion, and carbonate ion. Ac- 
cording to the law of mass action, the 
velocity or rate of chemical reaction is 
proportional to the active masses of the 
reacting substances present at any 
time; at equilibrium this can be re- 
stated: the product of the equilibrium 
concentrations of the product, divided 
by that of the reactants, is a constant. 
By the application of this law, the 
exact proportion of each of the forms 
of CO, can be accurately determined. 
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That portion of dissolved carbon 
dioxide existing in the gaseous form is 
subject to removal as Henry’s law and 
solubility-temperature relationships di- 
rect. Those portions existing in ionized 
form as bicarbonate and carbonate ions 
are not in themselves subject to removal. 
However, the displacement of the 
equilibrium resulting from the removal 
of the gaseous form involves a change in 
form from carbonate and bicarbonate 
ions into the gaseous form and to the 
extent that this change in form occurs 
in the actual processing of the liquid, 
these two forms are likewise amenable 
to the workings of the removal process. 
Of the several factors which regulate 
the rapidity of this shifting phase, four 
at least are involved in the processing: 
time; temperature as related to the speed 
of chemical reaction and speed of trans- 
fer through the liquid due to such things 
as viscosity; driving force, or amount of 
off-balance away from equilibrium con- 
ditions (this is naturally a function of 
the rate of removal of the gas form); 
and concentration of the substances 
involved. The pH of the water, due 
to greater ionization at higher tempera- 
tures, is reduced and the consequent 
redistribution throws more CO, into 
the gas form. 

To compare removal of CO, with the 


removal of permanent gases such as 


oxygen, two facts must be considered: 
the solubility of CO, in water is many 
times greater than that of oxygen; 
oxygen does not ionize whereas CO, 
does. If comparable results are to be 
obtained, it is necessary to use lower 
concentrations of CO, in the degasifying 
atmosphere than would be the case 
with oxygen, better dispersion of the 
water in contact with the atmosphere, 
and longer time of treatment, this 
latter having added significance due to 
the time required for change in form of 
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carbon dioxide from carbonate ap4 
bicarbonate ions to dissolved gas. 

This paper therefore presents methods 
of calculation and calculations resulting 
from the application of these method 
to a series of temperatures, and furnishes 
data on the resulting change in distriby. 
tion between the forms in_ solution. 
Temperatures have been selected char. 
acteristic of boiler water processing with 
which the authors have the most interest 
and knowledge. 

One set of calculations is supplied fora 
usual temperature of 77 F. (25 C.) as of 
utility in chemical testing. Methods 
of proceeding from the data of one 
temperature to the data of another 
temperature are indicated. A method 
not original with but preferred by the 
authors for the determination of C0, 
is outlined briefly with reference to its 
origin. It appears impractical with the 
present state of knowledge and ap 
paratus actually to test samples at 
elevated temperature of operation. 

No attempt so far has been made by 
the authors to investigate the theoretical 
rate of change between the three forms 
of CO» in solution when the equilibrium 
is displaced by removal of the gas form 
Such study as has been given prelimi 
narily indicates quite a complicated 
relationship which it will be difficult t 
reduce to practical usage. Test results 
made upon cooled samples subsequeat 
to the treatment involve three factors. 
One of these has been mentioned, the 
time involved in the actual mechanical 
handling of the liquid in degasifying 
it as controlling the amount of exposure 
and the extent of the removal from 
instant to instant. Other factors 0 
significance are the time of storage 2 
the apparatus between the sampling 
and the end of the treatment, which 
terminates when the water particles 
come into the storage space, and the 
manipulation of sampling, which 1s ® 
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itself time consuming. Obviously, while 
the extent of total removal can be 
determined analytically and at leisure, 
it does not present a true picture of the 
form changes which CO, undergoes. 
In order to provide some background 
of practical judgment, CO, removal 
tests were made upon a deaerating 
heater of the spray type which was 
glected arbitrarily as a cheap and con- 


tally for its speed of manipulation. 


Values of pH which are significant were © 
taken by a continuous flow glass elec- 
trode after cooling. Other data accumu-— 


lated but not included in this paper on 
account of space limitations indicate 
better results upon other types of 
mechanical degasifying equipment where 


the actual time of the treatment was 


extended by mechanical filming over 


TABLE I. 


[H2COs] 
[Total 


1 
Ki Ki K2 
1+ 


77 F. (25 C.) 1 


= 10-6.1550 
1 + 10(2-6.456) +4 10(27-16.870) 


150 F. (65.56 C.) 1 
1 + 10(4-6.204) 19 (27~-16.302) 
25 F. (101.67 C.) 1 
K; = 1075.98 
Kz = 10-9.8735 1 + 10(4-6.0%6) +4 10(27-15.900) 


235 F. (112.78 C.) 1 
Ki = 1075.8 


1 + 10(7-6.204) +4 10 (27-16.302) 


1 + 10(2-6.026) + 10 (27-15.90) 


(HCOs] (COs) _ 
[Total CO2} (Total CO2]} 
Kv 
Ki 
[Ht}? ({H*}? 


10 (2-6.456) 
1 + 10(2-6.4%) +4 10 (22-16.870) 


10 (22-16-870) 
1 + 10(*-6.456) +4 10 (22-16.670) 
10 (22-16.202) 
i+ 10 (2-6-2064) +4- 10 (27-16.302) 
10 (2-6-026 ) 10 (22-15.900) 
1 + 10(=-6.0%) 4 10(22-15.900) 


10 (7-5.978) 10 (22-15. 791) 


Kz = 


255 F. (123.89 C.) 
= 1075.9281 
Kz = 10°9.7508 


1 10 (2 ~5.978) + 10 (27~15.791) 


1 


1 + 10(2-5.979) + 


10 (2~5.928) 
1 + 10(2-6.923) + 10 (22-15.678) 


1 + 10(7-5.978) + 10 (27-15.71) 


10) (22~15.678) 


1 + 10(2-5.9%8) 4 10(22-15.678) 
275 F. (135 C.) 1 

Ki= 

Kz = 10-#.7018 1 + 10(2~5.889) +4 10) (27~15.501) 
2SF.(14611C.) | 1 

K; = 

Ky = 1079.65 1 + 10(*-5-349) +4 10 (27-15.499) 


315 F. (157.22 C.) 
Ky = 1075.8102 
Ky = 


1 
1 + 10(2-5.s10) 4 19 (22-15.412) 


venient device for testing, and which had 
4 known oxygen removal performance 
upon normal water supplies resulting in 
4 residual between 0.008 and 0.010 
pp.m. of Op. Water after treatment 
was removed as promptly as it could be 
collected, cooled to a temperature of 
approximately 77 F. and analyzed by a 
fapid method which is briefly outlined 
in the following sections of this paper, 
the method being selected fundamen- 


1 + 10(4~5.889) 10 (27-15.591) 


1 + 10(2-5.849) 4+ 10 (22-15-499) 


1 + 10(2-5.810) 4 10 (22-15.412) 


1 + 10(7-6.0%8) 4+ 


10 (2-5.889) 10 (27-15.501) 

1 + 10(7-6-889) 4+ 10(22-15.601) 
10 (7-6.849) 10 (22~-15.499) 

1 + 10(4-5.849) 4 10 (22-15.499) 
10 (25.810) 10 (22~-15.412) 


1 + 10(2-5.810) 4 10 (27~15.412) 


wetted surface. Data are presented for 
two different pH levels upon a water 
supply from the same source, differing 
only by the acid treatment necessary to 
lower the pH. 

The first part of this paper will be 
devoted to the derivation of applicable 
formulas, charts and tables. The second 
part will be devoted to a method of 
testing for CO, and its distribution. 
The last part will be devoted to a dis- 


| 
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cussion of the limitations and extent of 
its removal. The calculations presented 
will be limited to a temperature range 
between 77 and 315 F., as representing 
the present-day range of operation of 
permanent gas removing equipment. 
Formulas are included which can be 


TABLE If. 


| 
(Data from Inter- 


national Critical 


(Data Interpolated from 


Tables) Columns to the left) 
Tempera-| Y | 
Cent. 10-%) 10-4) 
0 14.93 77 F. (25C.) 14 
5 14.72 | 
10 14.53 150 F. (65.56 C.) 12.91 
15 14.34 
20 14.16 | 215 F. (101.67 C.) 12.265 
25 14.00 | 7 
30 13.83 | 235 F.(112.78C.) | 12.10. 
35 13.67 | 
40 | 13.52 | 255 F.(123.89C.) | 11.94 
45 13.39 
50 | 13.26 275 F. (135.0 C.) 11.785 
60 13.03 
70 12.82 295 F. (146.11 C.) 11.66 
80 12.63 | 
90 12.45 | 315 F. (157.22C.) | 11.565 
100 12.29 | | 
150 11.63 
200 11.26 | 
250 11.17 
300 11.40 
306 | 11.46 | 


used to obtain data at other temper- 
atures. 


DERIVATION OF FORMULAS AND CHARTS 


The following factors are useful for 
interpreting the data herein presented: 
ml. per liter X 0.045 = millimoles per 
liter 
millimoles per liter X 44 = p.p.m. of 

CO: 

ml. per liter X 1.98 = p.p.m. of CO, 
ml. per liter X 1.43 = p.p.m. of O, 
As would be expected, both primary 

and secondary dissociation constants 

for dissolved carbon dioxide vary with 
temperature. Similarly, the dissocia- 
tion constants for water vary with 
temperature. 

The dissociation constants for CO, 
have been determined at room tempera- 
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logio Ky: = logio 10 
2868 1 1 

logio Ky = logio 
3609 (1 
4.578 \298 


McDERMET 


ture by other investigators and thy 
constants have been calculated by ty 
authors at elevated temperatures by yy 
of the van’t Hoff equation as follows: 


dlogeK _ All 
dT = RT? 


] ) Ky = ] Kg 
Ay O£10 + 4 578 


Kai = 3.5 b 10 7 or 10 6.4559 at 25 ( 
and J/; = 24 
Ke = 3.85 X 10" or 10°" at 


25 C. and Hz = 36) 


At any temperature 7 (deg. Kelvin) 


The dissociation constants K, and |; 
calculated in this manner are given in tht 
left-hand column of Table I for th 
temperatures to be considered in thi 
paper. (The numerical values of |) 
and Ke will be subject to revision « 
further research data are accumulated 
The distribution of CO, in its thr 
forms, (free CO,), HCOs;, 
CO;, is determined by the law of mas 
action and is completely covered in: 
paper by McKinney.’ Briefly: 


= H* + HCO; 

_ (H*)(HCO; ) 

HCO; = H* + CO; 

EMCO) 
HCO,- 


Ky 


2 D.S. McKinney, “Interpretation of Water Analyss, 
Industrial and Engineering Chemistry, Analytical Editioe 
Vol. 3, No. 2, p. 192 (1931). ; ae 
D. S. McKinney, “The Calculation of Equilibria # 
Dilute Water Solutions,” 1191. 
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CARBON DIOXIDE IN WATER AND STEAM 


The CO, distribution in its various 
iorms is dependent on the distribution 
onstants K, and Ke (which in turn are 
dependent on temperature) and on the 
pH value of the water and, as derived 
fom the above equations, is expressed 
by the equations given at the top of 
Table I. Table I gives the formulas 
from which the distribution of CO. has 
been calculated. In this table, X is the 
oH value or 10-* = H+ (hydrogen ion 
concentration in moles). Table III gives 
the calculated results. This table, as 


the OH- and H* concentrations can be 
found for any pH and temperature and 
are given in Table III. 

Thus Table ITI gives the mole fractions — 
of the CO, and the OH~ and H* concen- 
trations for the listed temperatures and — 
pH’s. These data can be better ex- 
pressed in a curve form but due to the 
mechanics of publication, this cannot _ 
be done with the accuracy required. 
However, for illustrative purposes, Fig. — 
2 is included to show the form of these _ 
curves. An example showing the use 


Millimoles of H* and OH™ 


[2 5 6 


| 
\ 
ANS 
789 OH 123 
H 


(Use scale“A" for OH” between pH of and 12.1) 
Fic. 2.—Relation of pH with CO, Distribution and H,O Ionization at 77 F. Temperature. 


will be shown later, is useful in finding 
the distribution of CO, at the operating 
temperature. Without it, considerable 
work would be involved in finding this 
distribution. 

The dissociation constants for water 
at elevated temperatures as obtained 
trom the International Critical Tables 
are given in Table II and the values of 
the dissociation constants used for illus- 
\rative purposes have been interpolated 


from this data. Again, by the law of 
mass action: 


HO = H+ + OH- and K, = (H+) 
(OH-) 


3 
0 
p 
of the tabulated data will be given 


later. 

Figure 1 shows the solubility of CO, 
in water. The data for this curve were 
taken from the International Critical © 
Tables. 

It should be noted that all calculations 
herein presented are based on the molal 
concentrations being equal to the 
activity of the substance. Although 
this is not strictly true, the error involved - 
is negligible. 

The distribution shown in Table III 
should be and is believed by the authors 
to be correct, independent of the pres- 


at 
= 36 1.0 100 
te 
= 0 
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TABLE III.—MOLE FRACTION OF CO: IN ITS VARIOUS FORMS AND H* AND H- CONCENTRATIONS 


pH | 10 HCO; COF | OH X 108 H2COs HCO; | 


77 F. (25 C.) 150 F. (65.56 C.) 


0.0004 | 0.0008 
0.0009 x 0.0015 
0.0018 . 0.0031 
0.0035 0.0062 
0.0123 
0.0243 
0.0473 
0.0902 
0.1650 
0.2827 
0.4402 | 
.0001 . 385 0.6162 0.0001 
0.0001 0.7577 | 0.0003 
.0003 0.0001 0.8614 0.0007 
.0007 0.0002 0.9244 0.0015 
-0014 0.0004 0.9586 0.0030 
.0029 0.0008 0.9742 | 0.0062 
.0060 0.0016 0.9779 0.0123 
.0120 0.0032 0.0049 0.9706 0.0245 
.0236 0.0063 0.0024 0.9498 0.0478 
.0461 0.0123 0.0011 0.9077 0.0912 
-00103 " 0891 0.0251 0.00052 0.8358 0.1637 
0.000478 8. .1617 0.0502 0.00023 0.7141 0.2857 
0.000206 . 2780 0.1000 0.000089 0.5561 0.4439 
0.0000809 565! .4344 0.1995 0.000031 0.3858 0.6142 
0.0000283 -6053 0.3981  0.0000096 0.2393 | 0.7607 
0.00000886 .7536 0.7944 0.0000027 0.1362 0.8638 
0.00000254 .8592 1.5850  0.00000074 0.0732 0.9268 
0.00000069 0.00000019 0.0381 0.9619 
0.00000018 .9605 0.00000005 0.0195 0.9805 
0.00000005 .9798 0.00000001 0.0098 0.9902 


= 


1 
1 
1 
1 
1 
1 
1 
1 


215 F. (101. 67C.) 235 F. (112.78 C.) 


| 


0.7944 0.9988 0.0013 
0.3980 0.9976 0.0026 
0.1995 .9953 ’ x 0.0052 
0.0512 .9816 0.0205 
0.0251 .9639 .0: 0.0402 
0.0123 .9304 0.0771 
0.0063 .8701 0.1429 
0.0008 542! . 0.5697 
0.0001 .095 J 0.9119 
0.9709 

0.9765 

0.9706 

0.9509 

0.9094 

0.8373 

0.000316 > od 0.7213 

0.000126 .725 0.5646 
0.0000454 5. 0.3871 

21.65 0.1404 

43. . 0.0756 

86.0000 | 0.0394 

171.9000 } 0.0201 
0.00000002 0.0106 343.0000 0.0101 
0.00000001 | 0.0056 | 0. 684.0000 y 0.0051 


CCC 


7 
) 
).7944 
).1995 3.7 
). 1000 
).0512 
).0251 + 
).0123 4. 
).0063 
).0032 
).0002 0.00 6 
).0001 0.0012 7. 
4 ).0001 
ry 7 
0.007 
0.0195 
0.0768 . 
0.185) ) 
0.30) | 9, 
2.480 10. 
4.900) 10 
19.500 il 
38.9000 il 
76.800) il 
155.000 12 
— 
3 
} 
4 
| | 
0.00 
0.0003 
0.005 
| 0.0006 0.004 
ig : 0.0029 0.015 
0.0059 0.0316 
i 0.0119 0.063! 
4 0.0236 0.120 
0.0463 0.251 
= 0.0893 0.0502 
0.1621 1,000) 
0.2785 1.998 
0.4353 3.980 
0.6129 7.94 
0.7542 15.80 
0.8596 31.00 1 
y 0.9244 63.100 
“0.9606 126.000 | 
0.9799 | 251.00 | 
0.9899 | 502.000 | 
0.9949 | 1000.00 
at 4 = 


ITIONS TABLE III.—Continued. 


OH 1 HCO; | coz. | OH x 108 H:COs | HCO; | cor | OF x 108 


255 F. (123.89 C.) 275 F. (135.0 C.) 


0.9985 0.0016 
0.9971 . 0.0032 
0.9941 0.0064 
0.9883 Oz 0.0127 
0.9770 ’ . 0.0251 


0.9552 0.0488 0.0001 
0.9143 0.0927 0.0001 
0.8408 | 0.1691 0.0003 
0.7282 > 0.2897 
0.4022 0.0001 Y ’ 0.6188 
0.2522 0.0003 0.7639 
0.1446 | 0.0008 13: 0.8654 
0.0780 0.0016 | 0.9264 
0.0406 0.0034 | 0.9590 
0.0207 0.0067 0.9734 
0.0104 0.0136 -009: 0.9751 
0.00517 0.0273 0.9649 
0.00253 : 0.0536 ed . 0.9387 
0.00120 0. 0.1004 0.8878 
0.000568 | 0. 0.1832 
0.000233 | 0. | 0.3059 
0.0000894 0.4711 
0.0000305 0.6399 
0.0000093 0.7796 
0.00000263 | 0. | 0.8765 
0.00000071 | 0. | 0.9338 
0.00000018 | 0. | 0.9657 
0.00000005 | 0. 0.9825 

155.0001 0.00000000 0.9956 | 0. 0.9960 | 2065.0000 


295 F. (146.11 C.) - (157.22 C.) 


0.9982 0.0018 
0.9965 0.0035 
0.0070 
0.0141 
0.0275 
0.0534 
0.1019 
0.1833 
0.3094 
0.4720 
0.6406 
0.7802 
0.8756 
0.9325 
0.9617 
0.9741 
0.9742 
0.9617 
0.9318 
0.8755 
0.7800 
0.6391 -5000 0.6141 
0.4713 | 0. 0.0000573 0.4444 
0.3098 0.0000184 0.2856 
0.1831 ° 0.00000541 0.1670 
0.1010 0.00000148 0.0913 
0.0535 0.00000039 0.0479 
0.0274 0.00000010 0.0247 
0.0139 | O. 0.00000003 0.0125 
| 0.0070 0.00000001 0.0063 
0.0035 0.9965 0.00000000 0.0031 3425. 0000 


= 
CARBON DIOXIDE IN WATER AND STEAM 1211 ae 
1 0.7 
4 | 03 
3 0.0 
| 
1 0.7944 
0.3980 
0.1995 
1000 
0512 
0251 
0.0001 0123 
0.000) 0063 
0.0003 0032 
0.0005 0016 
(0.00) 0008 
0.002 0004 
0.004 0002 
0.0079 0001 
0.01% 0001 
0.0816 0000 
0.063! 
0.124 
0.251 
0.082 
1.08) 
1.999 
3.960 
7.4 
15.8 
63.10 
126.000 
251.0000 
502.00 1 
1000.00 12.1 


_ phosphate ion. 
ent almost universally as a water condi- 


ence of other ions. The test method 
outlined later is not applicable in the 


presence of other weakly ionized com- 


pounds. Such an ion is_ obviously 
phosphate in its primary and secondary 
ionization forms. A similar table can 


be derived covering phosphate radical 
_and carbon dioxide in combination, but 
_ increases the complication of the method 


and requires an accurate determination 
of phosphate. Accordingly, no attempt 
is made in this paper to include the 
Since phosphate is pres- 


tioning compound, deliberately added, 


_ it is recommended that phosphate addi- 


tions be temporarily discontinued during 
the period of carbonate determination. 
It should be emphasized that if this is 
not done, results determined by the use 
of Table III will be in error. 


METHODS OF DETERMINING CO) AND ITs 
DISTRIBUTION AT THE OPERATING 
TEMPERATURE 


The following steps should be taken 
to determine dissolved CO, and its 
distribution at the operating temper- 
ature: 

1. Obtain pH of both ingoing and 
effluent water at room temperature 
(70 to 85F). Although the pH is 
actually desired at the operating tem- 
perature, no method is now available to 
find it at this temperature, so the pH 
must be obtained at room temperature 
and then by use of Table III, must be 
converted. 

2. Find the total CO, in the water. 

The following method is preferred by 
the authors because of its greater 
rapidity. Total CO, determined by the 
evolution method is, however, more 
accurate at the expense of lower speed. 
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(a) Titrate to find the millimoles of 
H+ equivalent required to reduce { 
liter of the water from pH 8.5 (thymo 
blue) to 5.0 (brom-cresol green), using 
NaOH or HSO, accordingly as the pq 
found is below or above the indicator 
point. 

(6) Find the total CO, in the water 
by use of the formula: 


Total millimoles CO, = 9-912 
0.974 


This formula merely expresses the law 
of electrical neutrality—the fact that 
the shift in ionization of water when 
changing from a pH of 8.5 to 5.0 at 77F, 
must be taken up by the CO, ions. 

3. (a) Look up the distribution of the 
CO, in its various forms on the 77F 
distribution curve, and 

(6) Calculate the weak ion concentra- 
tion at this temperature. 

4. Find the distribution of CO, in its 
various forms at the operating tem- 
perature. 

By the law of electrical neutrality, the 
total ion charges should equal zero. 
Since the strong acids, bases, and salts 
do not change their ionization with 
temperature (within the range con 
sidered), the total ion concentration 0 
weak acids, bases, and salts must always 
equal the same amount. Thus, the 
total ionization of these weakly ionized 
substances (in the case here considered 
this means HCO; and H2O) must equal 
a constant. 

Find the distribution of the CO, at the 
operating temperature which will give 
the same weak ion concentration as that 
found at 77 F. This last step must be 
found by successive approximations. 
An accuracy of 0.1 pH is consistent. 
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Samples were taken of the water both entering and leaving a deaerator operating 
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at a temperature of 215 F. and the following data were collected: 


Water Entering Deaerator 


Total Quantity........ 
oH at approx. 77 F.... .| 
{mount of titration re- | 
quired to titrate 100 
ml. of sample to: 
Thymol blue (8.5) 
Brom-cresol green 
(5.0) 


Equivalent H* ions in 
millimoles per liter 
required to change 
samples from pH 
8.5 to 5.0 


Total CO, in a liter us- 
ing: 


Total CO, = 
H* — 0.0132 


|_ 


0.974 


Water Leaving Deaerator 


65,000 Ib. per hr. 
7.35 


0.07 ml. of 0.1044 N NaOH 
2.9 ml. of 0.02 N H,SO, 


0.07 K 0.1044 X aoe = 0.0731 | 
1000 
2.9 X 0.02 X Foy = 0.58. 
0.653 
= 0.658 milli 
moles per liter 


74,000 lb. per hr. 
9.1 


0.4 ml. of 0.02 N H2SO, 
2.8 ml. of 0.02 N H2SO, _ 
2.8 
(-—) 0.4 


2.4 ml. of 0.02 N H.SO, 
1000 
2.4 100 * 0.02 = 0.48 
0.48 — 0.0132 _ 0.483 milli- 


moles per iter 


0.974 


Look up the distribution of the CO, and the H* and OH™ ions at the temperature 
at which the pH value was taken, 77 F., and determine the weak ion congentration: 


Weak ion concentration . 


0.1135 

0.8855 X 1 X 0.658 = 0.582 | 

0.0010 X 2 X 0.658 = 0.0013 

0.0003 X 1 = 0.0003 
(—) 0.584 


0.9517 X 1 X 0.483 = 0.460 _ 
0.0461 X 2 X 0.483 = 0.045 
0.0123 X 1 = 0.012 

(—) 0.517 


Assume a pH, and using the 215 F. curve determine the CO, distribution: 


ist Assumption pH = 6.9 


ist Assumption pH = 8.0. 


0.113 0.109 
RS eee 0.887 X 1 X 0.658 = 0. 583 0.9730 X 1 X 0.483 = 0.471 
EE ere 0.000 0.0161 X 2 K 0.483 = 0.016 
3 aa 0.006 0.006 0.0575 X 1 = 0.058 
(—) 0.589 (—) 0.545 
Close enough Too high, try pH = 7.7 
0.0082 K 2 XK 0.483 = 0.008 
| (—) 0.509 
| Close enough 
Thus the distribution is: 
Mole Millimoles Mole Millimoles 
Fraction per liter Fraction per liter 
re 0.113 X 0.658 = 0.075 0.0216 X 0.483 = — 
SRS 0.887 X 0.658 = 0.583 0.9715 X 0.483 = 0.469 
0.000 0.0082 0.483 = 0.004 


Ce 
| | 
OH- X 108 
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While mathematically rigorous, this readings were corrected for operating 
procedure is limited by the accuracy temperature, the mole fraction actually 
attained in selecting constants and by’ was 0.0216, or ten times more. ; 
the assumption that the activity coeffi- In routine testing, it may be found 
cient is unity. Its real utility is in that this error is not very significant and 
obtaining, by calculation, values for that the total CO, and its approximate 
which no direct determinations are distribution is all that is required. [j 
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Eic. 3.—Relation of Titration from pH 8.5 to 5.0 to Total CO: in p.p.m. 
Using 0.02 N solution and 100-ml. sample. 
vz and v; equals amount of titration in milliliters required to titrate to 8.5 pH and 5 pH, respectively. 
CO2 = 44 [(ve — vi) 12.36 — 0.813]. 
If pH of sample is above 8.5 use H2SOsy for titrating. 
If pH of sample is between 8.5 and 5.0 use NaOH for titrating to 8.5 and use 1 = ( — ) amount of titration. 
If pH of sample is below 5.0 use NaOH for titrating to 8.5 and 5.0 and use m and v2 = ( — ) amount of titration. 


TABLE IV.—PERFORMANCE OF A DEAERATING HEATER. 
pH as Read, pH, operat- Fetal Free 
room tem- ing tem- 
perature perature | Millimoles 
per Liter P-Pm. per Liter 
OPERATING AT 215 F. wirH ALKALINE WATER. 
Water in...... 7.35 | 6.9 0.658 29.0 | 0.074 3.26 
‘Equivalent water out”...............| 7.8 0.551 24.2 | 0.007 0.32 
9.1 7.8 0.483 21.3 0.007 0.30 
Equivalent theoretical at 5 p.p.m. C 
in steam....... | 9.0 0.016 0.705 0.000016 0.0007 
Equivalent theoretical at 50 p.p.m. COz 
ak : 8.9 0.125 5.49 0.00016 0.007 
OPERATING AT 215 F. Acip WATER. 
4.67 4.5 0.685 | 30.1 | 0.664 29.2 
‘‘Equivalent water out”’.............. 4.8 | 0.183 8.05 0.175 7.7 
Actual water out... ... 4.93 4.8 | 0.161 7.08 0.152 6.68 
Equivalent theoretical at 50 p.p.m. COz 
in steam. . . (4.9) 4.9 0.00017 0.0075 0.00016 0.007 


available. If the distribution is taken this is the case, only steps 1 through 3 
from the room temperature chart, it (a) of the above calculations need to be 
will be in error. The extent of this followed. 
error can be seen from the above calcula- To simplify step 2 (b) above, Fig. 338 
tions on the water leaving the deaerator. included which can be used to find the 
The room temperature chart gives a_ total millimoles of CO, (a scale is also 
mole fraction of 0.0022 H2CO;, but when included showing CO, in p.p.m.). 
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curve is based on using standard 0.02N 
solutions of either H,SO, or NaOH, and 
on titrating a 100-ml. sample. 

Where accuracy of determination is 
required, it is recommended that a 
micropipette and an Almquist side-arm 
flask be used. This flask should have 
a 100-ml. mark on it. 


LIMITATIONS AND EXTENT OF CO: 
REMOVAL 

A clear picture of the most favorable 
operating conditions for CO, removal 
cannot be obtained until (1) the calcula- 
tions given above are evaluated on a 
common basis, (2) the theoretical per- 
formance of the deaerator is calculated, 
(3) data on a low pH water for compari- 
son with the data on high pH value given 
above are obtained. 

1. Since the water leaving the 
deaerator has been diluted by the steam 
condensed, the CO, in this water will 
show up less concentrated due to this 
dilution. To obtain the efficiency of 
removal of COs, the effluent readings 
should be corrected for this. Therefore, 
the CO, in the water leaving should be 
recalculated and called the ‘‘equivalent 
water leaving.” The water leaving 
showed 0.483 millimoles per liter of CO, 
and a weak ion concentration of (—) 
0.517. To correct for dilution, multiply 

74,000 
by 

65,000 
liter of equivalent CO, concentration 
and (—) 0.587 equivalent weak ion 
concentration. (It is assumed that the 
steam condensed is neutral in ionization 


and thus dilutes the ionized forms of 
H,0 and H,CO;.) 


By successive approximations, the 
pH at 215F. is found to be 7.8 and 
distributed as follows: 

Mole 


, obtaining 0.55 millimoles per 


Millimoles 


Fraction per liter 
0.020 0.55 = 0.011 
0.972 0.55 = 0.535 
Ji 0.008 0.55 = 0.004 
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2. The efficiency of removal of CO, 
in a deaerating heater can be evaluated 
by calculating the theoretical CO. which 
should be left, if the deaerator is such 
that sufficient time is allowed for an 
equilibrium to be reached and that the 
deaerator is truly counter-flow in prin- 
ciple so that the equilibrium is between 
the incoming steam and the outgoing 
water. 

To calculate the theoretical quantity 
of CO, in the effluent water, the follow- 
ing should be found: (a) the partial 
pressure of the CO, in the incoming 
steam, (b) the solubility of CO, in 
water at the operating temperature, (c) 
from (a) and (6) the free CO, (H2COs) 
in the water, and (d) from curves the 
total CO, and its distribution in the 
water which will give the same total 
weak ions as the inlet water. 

(a) By condensing and actually titrat- 
ing a sample of the steam used, as was 
done in the second step of the Method of 
Determining CO, and Its Distribution, 
the CO, in the steam was found to be 
0.1137 millimoles per liter or 5.0 p.p.m. 


or 
5.0 
5.0 * 10° = 2.05 X 10 ° mole fraction 
44 18 
or partial pressure = mole fraction = 


2.05 X 10-* atmospheres. 

(b) From the solubility curve at 
215 F., solubility is 7.7 millimoles per 
liter. 

(c) By Henry’s law (solubility = 
partial pressure X_ solubility factor) 
7.7 X 2.05 10°* = 0.0158 10-3 
millimoles per liter of undissociated CO,. 

(d) The inlet water has an excess 
variable ions of (—) 0.584. By the 
method of approximations given in the 
fourth step in the Method of Determin- 


a 
p.p.m. 
3.26 
0.32 
0.30 
0.0007 | 
0.007 
j 
9.2 
7.7 
0.007 
ough 3 
d to be | 
ig. 3s 
ind the | 
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ing CO, and Its Distribution, the pH and 


0.0099 
X 0.016% = 0.014 


* Before being able to obtain millimoles per liter, the 
5 
total COz had to be found to be 0.0158 X 10°? © 9.016 
ning 0 0099 
millimoles. 


_ This assumption is close enough; in 


most cases the theoretical water out 
should have almost all of the variable 
ions consisting of the OH- ion for 
alkaline waters and H+ for acid waters, 
so that only one assumption is usually 
required. 

3. Table IV, in addition to the calcula- 
tions worked out and discussed previ- 
ously for a deaerator working on rela- 
tively high pH, likewise includes the 
performance of the same deaerator 
working upon a water of low pH. The 
_low pH was artificially obtained by slug 
treating with acid the contents of a 
_ large wooden storage tank and allowing 
it to stand for 24 hr. in order that 
diffusion would take place. The water, 
before the acid addition, was the same 
as the water with the high pH. It is 
realized that this procedure does not 
give the equivalent of a natural water 
of low pH content, but it was the only 
possible procedure for securing com- 
parative results. 

Normally, in any such process of CO, 
removal as a deaerating heater employs 
where the water treated by the unit is 
used to furnish steam to it for subse- 
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quent heating, the results improve 


the equilibrium due to recycling to be 
obtained, and is thought to be a legiti- 


0.877 X 1 

0.122 X 2 X 0.016% = 0.004 

OH- X 108 0.571 X 1 = 0.571 mate approximation. 
0.589 


CONCLUSIONS 


The authors, as a result of the material 
presented in this paper, together with 
the experience in obtaining it, have 
reached the following conclusions. 

On waters of high pH, excellent re- 
moval results can be secured on the gas 
form of COs, since the amount to be re- 
moved is sufficiently small so that solu- 
bility relationships do not offer a 
serious limit and the speed of change in 
form within the solution for the time of 
processing plus the time of analysis are 
sufficiently slow so that they do not 
significantly alter the predicted results. 
On the other hand, the effluent samples 
from such a degasifier are sufficiently 
unstable in form relationship as to raise 
a serious question of whether the treat- 
ment was worth while from the stand- 
point of CO, removal. 

On waters of lower pH, significant and 
valuable removal may be obtained, but 
solubility and change-in-form relation- 
ships intervene to make the actual 
results less than the expected results. 
At pH values sufficiently high above the 
plating temperature of hydrogen to be 
industrially safe, a long exposure time 
between liquid and degasifying atmos 
phere is definitely indicated. 

The distribution between solution 


distribution of the theoretical outlet continuously, but at a decreasing rate forn 
water can be found. However, in this with the time of recycling. In the at € 
case it must be remembered that only testing, a deaerator unit of similar of | 
the free millimoles of CO, are known capacity to the test unit was operated for) 
and not the total. After assuming the with treated water at the higher pH ing 
pH (and thus distribution of CO.), we content, and its water was used to Ack 
find the total millimoles of furnish steam to the test unit, which ie 
millimoles of HeCO; would be representative of long-time 

> mole fraction HeCO; operation. This was done to avoid the gall 

Assume pH = 9.00 atin necessity of waiting sufficiently long for aa 
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forms of COz is so significantly different 
at elevated temperature, that knowledge 
of this distribution is necessary both 
for intelligent understanding of degasify- 
ing equipment and the design of it. 


Acknowledgments: 
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familiar with previous publications by 
D. S. McKinney, which revealed that it 
was possible to approach this problem 
from the standpoint of theory more ex- re 
peditiously and understandingly than by 3 
the laborious, more conventional meth- 
ods. Mr. McKinney’s help was secured 
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Mr. H. H. Untic.'—I should like to 
ask Mr. McDermet what basis he has 
for believing that there is any appre- 
ciable time involved in the equilibrium 
between carbonic acid and carbonate 
jons? 

Mr. A. C. WALKER.?—-These papers 
are an encouraging indication that sound 
principles of chemical equilibrium are 
‘being discussed and understood by en- 
gineers interested in the practical prob- 
lems associated with the properties of 
waters used for industrial purposes. 
Very little practical use has been made 
of such equilibrium principles in aqueous 
carbonate solutions until recently, al- 
though some of the essential ground 
work for such use has been available 
for years. 

In discussing the papers by Mr. Mc- 
Kinney, and Messrs. Amorosi and Mc- 
Dermet there are two points which may 
perhaps deserve special mention. 

The van’t Hoff equation in the latter 
paper expressing the effect of tempera- 
ture upon the carbonate equilibrium 


d loge K 
dT 


consists entirely of variable terms except 
the gas constant R. In arriving at a 
useful form of this equation for practical 
purposes, it is assumed that AH does not 
vary within the temperature limits in 
- question. This is not strictly true but 
may be a reasonable approximation in 
many cases. The error caused by as- 
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suming this AH to be constant in the 
present discussion is much less important 
than that the significance of this assump- 
tion be clearly understood. 

The equilibrium in carbonate solutions 
is an exceedingly complex one, but if 
certain reasonable simplifying assump- 
tions are made, such as that AH isa 
constant, it is possible to set up tables 
by means of which the composition and 
behavior of industrial waters on heating 
for boiler feed purposes may be com- 
puted. 

It might be well to point out also 
that such carbonate equilibria are con- 
plicated as well by the presence of salts 
other than carbonates, such as chlorides, 
sulfates or nitrates, and the kind and 
amounts of anions, such as Na, K, Ca, 
or Mg, are also important. However, it 
has been shown by Lewis and Randall 
that when the total ion concentration is 
low, some function of the total ionic 
strength of the solution may be used 
to advantage as a simplifying assump- 
tion in certain equilibrium calculations. 

To illustrate the general value of the 
van’t Hoff equation it may be of interest 
to state that, in work done recently by 
the Drying Research Committee of the 
United States Institute for Textile Re 
search, use has been made of a similarly 
formulated equation to express the effect 
of temperature upon the equilibrium re 
lations between moisture content and at- 
mospheric relative humidity of various 
textiles such as cotton, silk, and wool 
By means of this equation it is possible to 
calculate the moisture content of a textile 
over a wide range of equilibrium relative 
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humidities and temperatures within cer- 
tain useful limits, from experimental data 
taken at but one or two temperatures 
within these limits. 

Tue CHAIRMAN (Mr. E. P. Partridge’). 
That the authors of these two papers 
have performed a valuable function in 
giving us some figures at which to shoot 
goes without saying. We should remem- 
ber, however, whenever we perform a 
mathematical operation that the results 
we take out at the end depend inevitably 
upon the assumptions we put in at the 
beginning. When we extrapolate into 
an unknown region by thermodynamic 
reasoning and mathematical processes 
let us then be sure to remember the 
educated guesses we had to make. 
This word of caution should in no way 
detract from the tribute we should pay 
to Messrs. Amorosi and McDermet for 
having given us some values in the 
range of higher temperatures. Perhaps 
someone will come along 5 yr. from now 
with direct experimental evidence show- 
ing that their predictions were 20 per 
cent in error. We should not forget 
then that these authors performed a 
most valuable function in giving us even 
reasonably accurate values with which 
to work, since before their efforts we 
had nothing at all. 

Mr. D. S. McKixney.*—First, I do 
not agree with Mr. Amorosi’s explana- 
tion of the slow rate at which equilibrium 
is reached. I think the reason for the 
slow removal of CO. is low rates of 
diffusion rather than the slow rate of 
attainment of ionic equilibrium. Now, 
with regard to Mr. Walker’s statement 
regarding the constancy of AH in van’t 
Hoff’s equation, if we write it in the 
d log. K AH 


— = — we see that a 
d 1 
(7) 
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plot of the log of the equilibrium 


1 
constant, against /., will produce a 


straight line if AH is constant. We 
did get a straight line for the equilibrium 
constant of water and for the Henry’s 
law constant for the distribution of CO2 
between the liquid and the gas phases. 
Hence, this form of the equation would 
be all right for these cases. With 
regard to the other equilibria, I do not 
know. In the absence of any knowledge 
as to how AH varies with temperature, 
it seems to me that it is better to make 
the calculations assuming AH constant, 
keeping in mind that the result will be 
only approximately right, than not to 
make the calculation at all. 

There is one other point I wanted to 
make. In the calculation Mr. Amorosi 
made, it was not necessary to take the 
activity coefficients into account since 
the waters were sufficiently dilute that 
they could be assumed to be unity. 
The error thus introduced is certainly 
less than the errors in analysis. Only 
in more concentrated water such as 
boiler water is it necessary to consider 
activity coefficients. 

Mr. respect to 
the maximum in the curve for the varia- 
tion of the dissociation constant of 
water with temperature, I believe that 
similar maxima have been observed in 
the case of a number of acids. These 
maxima occurred at various tempera- 
tures, all of them, however, considerably 
below that in the case of water. 

Mr. J. R. McDermer.®—The only 
discussion that needs an explanation 
is the fact that we attach significance 
to the rate of change between carbonate 
and bicarbonate ion and gaseous CO» 
in the three forms of CO, which might 
exist in solution. This is not, from our 


standpoint, altogether the simple matter 
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of considering the theory of solutions. 
We have several other things to consider. 
As nearly as I can explain, I believe 
that one could safely say that the rate of 
change between forms would depend on 
the driving force as occasioned by the 
removal of one form, but unfortunately 
in dealing with quantities of water one 
has several additional problems. The 
first is the fact that a sudden displace- 
ment occurs in the dissolved gaseous 
form at the interface when treatment is 
commenced. 

In addition to the data we have pre- 
sented, we have several other investiga- 
tions where the treatment of water in 
suspension was delayed by different 
methods of mechanical filming, but we 
ourselves do not know precisely the rate 
from instant to instant at which the 
gaseous CO, was removed. Certainly, 
it was removed from a boundary layer 
and diffusion must come into play, and 
diffusion, in addition, is probably further 
complicated both by liquid turbulence 
and viscosity relationships, since vis- 
cosity and the resulting turbulence are 
variable with temperature. We have 
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one other peculiar variable which is po 
peculiar when you realize it, that jp 
dealing with water of relatively |oy 
pH there was undoubtedly almost ay 
instantaneous adjustment of pH on the 
boundary surface, but a delay in repro. 
ducing the change on the interior layers 
of the film, which assuredly were not oj 
molecular thickness. The solution form 
proceeded immediately to change the 
instant the treatment was attempted, 

We had, therefore, quite a compli. 
cated phenomenon which we do no 
think can be systematized without « 
great deal of detailed investigation, 
We have not been able to find precisely 
why one method of filming should diffe 
from another method of filming in 
effecting behavior of the apparatus. It 
is sufficient to say that methods of 
filming which introduce longer times in 
suspension produce better results. We 
have found this fact, but we have nat, 
to our own satisfaction, been able to 
explain it other than to raise this 
question of shift in form which, to us, was 
the most reasonable explanation. We 
will be glad if additional informatio 
can be given to us in this respect. 
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The purity of steam from boilers may 
be estimated by several methods, the 
procedure chosen in any specific case 
depending on the accuracy and the 
nature of the information desired and 
the conditions under which the test is to 
be made. Thus, in case the contami- 
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DETERMINATION BY THE EVAPORATION METHOD OF SMALL 


AMOUNTS OF DISSOLVED SOLIDS IN WATER SUCH AS 
CONDENSED STEAM FROM BOILERS | ; 


By R. C. Umer! 
di 


SYNOPSIS 


This investigation was undertaken in an effort to ascertain the applicability __ 


of a modified evaporation method for determining the amount of solids pres- 
ent in the steam from boilers. Essentially, the method used consists of 
evaporating a 5-gal. sample of condensed steam in a weighed platinum dish 
under conditions which attempt to minimize the possibility of contamination 
of the sample and residue. 

Results obtained by using the suggested apparatus to determine the amount 
of solids in a sample prepared by adding a known amount of potassium chloride 
to distilled water of known purity indicate that the method gives accurate and 
reproducible results. Conductance tests of the same water indicate that the 
conductance method is satisfactory for determining steam purity when am- 
monia is absent, provided that the factor relating solids content of the steam 
to conductance is determined by the evaporation method for each boiler 
water condition. 

Under actual boiler operating conditions in which ammonia was present in 
the steam, values of steam purity obtained by the conductance and evapora- 
tion methods did not agree. The factor relating solids content of the steam 
to corrected conductance was not constant, indicating that it would be im- 
possible to calibrate readily the conductance method by the evaporation 
method. 

The results obtained in this investigation indicate that accurate determina- 
tions of steam purity can be obtained by the evaporation method in from 5 to 
7 days. During this period, only a few minutes supervision is required once 
each day. In case more than 0.5 p.p.m. of solids is present in the steam, a 
smaller sample may be evaporated, thus proportionately decreasing the time 
required to obtain results. oo 
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nation of the steam by boiler water 
amounts to several per cent, some idea 
of the amount of carry-over can be ob- 
tained by noting the decrease which 
occurs in the temperature of the super- 
heated steam, a drop of approximately 
13 F. taking place for each 1 per cent 
carry-over for a boiler operating at 400 
Detroit, Mich. psi. If the carry-over amounts to 5 


4 
x, 
= 
“A 
j 


per cent or more, the boiler water can 
be observed visually by scattered light 
if an intense beam of light is directed 
along the axis of flow of the steam. 

Prior to the last 10 to 20 years, carry- 
over of the order of 0.5 to 2.0 per cent 
was determined by means of a steam 
calorimeter. From this information and 
a knowledge of the amount of solids in 
the boiler water, the solids carried over 
could be determined. This method was 
quite satisfactory for the determination 
of carry-over amounting to 1 per cent 
or more, but since the accuracy of the 
method is only plus or minus 0.2 per 
cent of moisture,’ an error of 4.0 p.p.m. 
of solids in the steam might be made 
when applying this method to carry- 
over of a boiler water containing 2000 
p.p.m. of solids. Such a method is not 
applicable, therefore, to determining 
small amounts of carry-over. 

In the past two decades with the con- 
stant trend toward the use of higher 
steam pressures and higher final steam 
temperatures, it has become the general 
intent to limit the carry-over so that 
something less than one part per million 
of solids is present in the steam. Ona 
percentage basis for a boiler water con- 
taining 200 p.p.m. of solids, carry-over 
of that order amounts to something less 
than 0.5 per cent, whereas for a boiler 
water containing 2000 p.p.m. of solids 
the percentage is less than 0.05. It is 
evident, therefore, that the methods so 
far mentioned are not applicable for the 
determination of such small amounts of 
carry-over. 

In an effort to meet the need for a 
method capable of determining such low 
values, the conductance method was 
brought into prominence, various modifi- 
cations being devised from time to time 


2S. T. Powell, “Steam Contamination III, Deter- 
mination of Steam Quality,’’ Combustion, Vol. 9, No. 5, 
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to increase the accuracy of the resylts 
In general, this method, particularly 
when flow-type cells are used with , 
degasified condensate, gives reasonably 
satisfactory results unless ammonia j; 
present. Even in the absence of am. 
monia, however, there is still consider. 
able doubt regarding the correction fo 
or the completeness of removal of carbon 
dioxide, the applicability of cell con. 
stants at the low electrolyte concentn. 
tions involved, and especially the factor 
used to convert conductance to parts 
per million of solids or to percentag 
carry-over. A large amount of work 
has been done by Hecht and McKinney: 
Rummel,* Powell,? and others in ap 
effort to determine the correct factor for 
use in converting conductance to parts 
per million of solids. Little success has 
been met, however, owing to the fact 
that boiler water compositions vary 
greatly, and in general a different factor 
is needed for each specific case, values 
at wide variance having been used in 
actual practice. In view of these con- 
siderations, it is evident that a mor 
accurate method for determining steam 
purity is desirable. 

The most obvious and direct way 
determine steam purity is by evaporat- 
ing a representative sample of know 
volume and weighing the residue after 
drying. Unfortunately, samples of $ 
gal. or more are usually required to ob- 
tain sufficient solids to weigh accurately 
and in the past from 2 to 3 weeks time 
has been required to evaporate such 4 
sample. 

In this paper an evaporation methoc 
is described which gives accurate result: 
directly in terms of parts per million o! 

2 Max Hecht and D. S. McKinney, “Electrical Cor 
ductance Measurements of Water and Steam, and Applice 
tions in Steam Power Plants,” Transactions, Am. S« 
Mechanical Engrs., Fuels and Steam Power, Vol. 53, 
139-159 (1939). 

‘J. K. Rummel, “Estimation of Solids in Siem 


Conductance,” Industrial and Engineering | 
Analytical Edition, Vol. 3, July, 1931, p. 318. 
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solids present in the steam, which re- 
quires little supervision, and which gives 
results on a 5-gal. sample in from 5 to 
7 days. 


DESCRIPTION OF TEST METHOD 
AND APPARATUS 


The method consists of evaporating a 
j-gal. sample of the uncontaminated 
condensed steam in a previously weighed 
platinum dish in the absence of dust. 
Heated purified air is passed through 


-Cover 


Cotton Filter 


+ --5-ga/. Sample 
Container 


To 110 


-Regulator 


/Vapor and 
Air Outlet 


Bell Jar 


Volt AC. 
_-\--Water 
Electric Inlet Tube 


Air Heater -Platinum 


f x Dish 
/ <4-Electric 


Heater 
ra 
Jo Inlet Tube 


Fic. 1.—Evaporation Apparatus. 


the bell jar covering the evaporating 
dish to remove the vapor and to aid 


evaporation. A control mechanism 
which prevents the dish from becoming 
overheated, enables the apparatus to be 
operated continuously and limits super- 
vision to once a day is included in the 
set-up. After evaporation is complete, 
the dish and residue are dried at 105 C. 
for 1 hr., cooled, and weighed. From 
the weight of solids present in the known 
amount of condensed steam, the parts 
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per million of solids in the steam can be 
calculated. 

A sketch of the apparatus employed 
is shown in Fig. 1 and the wiring diagram 
of the control circuit is given in Fig. 2. 
The various pieces of apparatus are as 
follows: 

Sample Containers.—The sample con- 
tainers were 5-gal. tinned milk cans con- 
taining a block tin inlet and outlet. The 
seams in the bottom of the cans, as well 
as any scratches or holes through the tin 
coating, were covered with a high-tin 
solder. 


-500 Ohm 
Resistor (B) 


- Relay for 
use with 
the OA4G 
Tube 


Platinum 
Dish 


~ 


*-Rheostat 


‘Flectric Heater 


Fic. 2.—Wiring Diagram of Control Circuit. 


Evaporation Assembly.—The evapora- 
tion assembly consisted of a platinum 
dish mounted on transite and covered 
with a bell jar through the top of which 
the water entered the dish through 1- 
mm. glass tubing and the water vapor 
and air were expelled through a larger 
tube. The heated air entered near the 
bottom of the bell jar through glass 
tubes constricted and bent in such a 
manner as to give a swirling motion to 
the air over the top of the dish. The 
dish was heated by means of a 250-watt 
heater, the temperature of which was 
regulated by means of a manually oper- 
ated rheostat. 
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Air Purifier and Heater.—The air was 
first passed through a cotton batting 
filter to remove oil, water, and solid 
matter. It was then passed through 
the air heater which consisted of a Pyrex 


_ glass tube wound with the proper amount 


of resistance wire to heat the glass just 
below the softening point when the heat- 
ing coil was connected to 110 v. alter- 
nating current. 

Control Assembly._-As shown in Fig. 
2, the control assembly consisted of a 
pair of platinum wire electrodes sus- 
pended in the dish at the height at which 
it was desired to maintain the water 
level, namely, } to } in. from the bottom, 
a resistor A to limit the flow of current 
through the solution, a relay to operate 
the heater, and a vacuum tube to am- 


_ plify the approximately 0.25 milliam- 


peres of current flowing through the 
solution so that it would operate the 
relay. Also, a resistor, B, and a con- 
denser, C, were used to prolong the life 
of the tube and to improve the action of 
the particular relay used. 

Operation of Apparatus.—In starting 
the apparatus, the electrodes were first 
adjusted to the desired position and 
then, with heated air passing through 
the apparatus, water from the sample 
container was allowed to flow into the 
dish through the capillary tubing until 
the surface of the water touched the 
ends of both electrodes. This closed 
the control circuit which, by means of 
the relay, supplied current to the heater 
under the dish. The rheostat on the 
heater was adjusted so that the tem- 
perature of the water in the dish was just 
below the boiling point. The regulating 
stopcock was then adjusted so that the 
rate at which water entered the dish was 
slightly less than the rate of evaporation. 
Under these conditions, the water level 
slowly dropped in the dish until contact 
with the electrodes was broken and in 
turn the current to the heater was inter- 
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rupted. This caused the rate of €vapo- 
ration to decrease. As soon as the level 
rose in the dish to the point where the 
surface touched the electrodes, the cycle 
of operation was repeated. The rate a 
which the water entered the dish was 
adjusted so that current flowed through 
the heater under the dish most, but not 
all, of the time. Owing to the fact that 
as the water level lowered in the sample 
container the rate of flow of sample into 
the dish decreased, it was necessary to 
make an adjustment once each day to 
reestablish the rate of flow at its original 
value. As an aid in determining the 
rate of flow, the end of the entrance tub. 
ing was constricted so as to cause the 
formation of small drops which could 
be counted, or to give a fine stream the 
size of which would be indicative of rate 
of flow. By means of this procedure a 
5-gal. sample of condensed steam could 
be evaporated in from 5 to 7 days. 
Conductance Tests.—All conductance 
readings were taken with flow-type cells 
containing platinized platinum elec- 
trodes. A 60-cycle a.c. conductance 
bridge was used. The observed con- 
ductance was corrected to 25 C. in the 
usual manner. When a correction was 
applied for carbon dioxide, 0.6 mi 
cromho* was deducted from the con 
ductance at 25 C. for each part per mil 
lion present as determined by titration 
with standard alkali using phend- 
phthalein as the indicator. When am 
monia was present, 7.4 micromhos? was 
deducted from the conductance at 25¢. 
for each part per million, expressed 
as present as determined 
direct nesslerization accerding to the 
method adopted by the American Publi 
Health Association.’ Such a correction 
is made on the assumption that the 
ammonia, calculated as NHs3, was pre 


“Standard Methods of Water Analysis,” Ameria? 
Public Health Assn., Eighth Edition, p. 41 (1936). 
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eVapo- 
ent as ammonium carbonate. No cor- samples were then evaporated and the 
re th rection was made for the conductance _ residues dried and weighed. The differ- 
ye Sof water. ence in the weight of this residue and 
® cyl that of 5 gal. of laboratory quality dis- 
rate at EXPERIMENTAL WorRK 
gee tilled water as determined in the first 
sia Accuracy of Evaporation Method: test was a measure of the solid added, 
os zs Two independent methods were em- and, as shown in columns 10 and 11 of 
ot that ployed in determining the reproduci- Table I, satisfactory agreement was ob- 
amnl bility and accuracy of the evaporation — tained over the range of concentrations 
> “4 
le sa method. In the first, several 5-gal. tested. 
0 
ary tO Bape I.—DATA SHOWING THE ACCURACY AND REPRODUCIBILITY OF THE EVAPORATION METHOD. — 
Pig? Ob- | Cor- | Solid 
riginal served | rected | Mi. Potas- | Potas- 
Volume |Carbon | Ammo-| Con- | Con- os ih | xed sium | sium 
ng the of |Dioxide| nia | duct- | duct- | y Chlo- | Chlo- 
tub. sample \Sample,| (CO2), | (NHs), | ance at | ance at elem, | ef | ride ride 
ce tu ml. p.p.m. | p.p.m. 25C., | 25C., aaa | poe — Found, 
micro- | micro- | p.p.m. | p.p.m. 
ise the | | p.p.m. P-P 
u 
of rate No. 1...| Distilled water.......... 19200 | 2.9 0.0 | 2.18 0.44 0.30 | 0.68 - 
No. 1A..| Distilled water as in test No. | | 
dure a 1 plus 0.0500 g. of KCI....| 19 160 | 2.96 | 2.01 | 2.06 
| could 2 | Distilled water | 19160! 3.0 | 0.0 | 2.22 | 042 | 0.27 | 0.68 | 
2A..| Distilled water as in test No. } } | 
2 plus 0.0300 g. of KC1...| 19 200 | | 1.86 | 1.56 | 1.59 
‘ | Distilled water......... 19160 | 2.6 0.0 | 2.41 | 0.55 | 0.37 | 0.67 
€ cells A..| Distilled water as in test No. | | | | 
3 plus 0.0200 g. KCl.......| 19 200 1.43 1.04 | 1.06 
ictance No.4...| Distilled water 2.8 0.0 2.11 0.43 | 0.28% 
No. 4A..| Distilled water as in test No. H 
d con- | 4 plus 0.0100 g. of 19 200 0.84 | 0.52 | 0.56 
in the | Distilled water... 2.8 | 0.0 | 2.08 | 0.40 | 0.26? 
On was 5A..| Distilled water as in test No. 
rer 5 plus 0.0050 g. of KCl....| 19 160 0.49 0.26 
These figures obtained by subtracting the solids found in the distilled water from the solids found in the correspond- 
e€ con- ample to which KCI had been added, all as given in column 8. 
er mil- * Estimated from the conductance by use of a factor obtained by averaging the values in column 9. 
tration 
samples of laboratory quality distilled 
ohenol- 4 y Determination of Steam Purity: 
ange water of known conductance were evapo- 
9s? was rated by means of the apparatus de- The steam sample, which was ob- 
25C. scribed above. Asshownincolumn9 of tained from the outlet steam drum of a 
pressed lable I, the relation between conduct- boiler which was operating at a pressure 
hte ance and solid content of the water was of 860 psi., was conducted through 
to the practically constant. In the second stainless steel tubing to a vent-type 
Publi method, 5-gal. containers were filled condenser. The condenser was the type 
na with laboratory quality distilled water designed and used by the Babcock & 
ae" which was of the same purity as that Wilcox Co. Two conductance cells 
at the used in the first method, that is, the were used for all tests and were con- 
IS pres samples were taken from the same nected in parallel to the outlet of the 
| storage container. To each sample a condenser by means of pure gum rub- 
aang weighed amount of dry, reagent-grade ber tubing which had previously been 


potassium chloride was added. 


The 


washed with a rapid stream of water to 
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remove loose solid particles. The efflu- 
ent from the two cells was collected in 
the sample containers for evaporation. 
Using this procedure, approximately 30 
min. was required to fill the sampling 
container. Conductance readings, tem- 
perature readings, and samples for the 
determination of ammonia were taken 
at frequent intervals during the sam- 
pling period. It was not possible to 
determine whether free carbon dioxide 
was present, due to the fact that suffi- 
cient ammonia was present to cause the 
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evaporation method gave accurate fe. 
sults when used to determine the amount 
of potassium chloride added to 5-gal 
samples of distilled water of known 
solids content. The slight inconsistep. 
cies in the results are thought to have 
been due mainly to errors in weighing 
the platinum dish in which the water 
was evaporated. These dishes were 
quite thin and therefore had large sur. 
faces in proportion to their weight, 
Slight differences in the temperature of 
the dish and the atmosphere would there. 


TABLE II. COMPARISON OF THE EVAPORATION AND C ON DUC TANCE METHODS FOR DETERMIN 
STEAM PURITY 
Observed lid — 
Boiler rectec Solids per sien 
Water Steaming Ammonia — Conduct-| _ by Micro- Condu 
Test Concen-| Rate, | | t ance | Evapo- | mho Usine 
tration, lb. per hr. p-p.m. “* at 25C.,| ration, Conduct- Facte 
p-p.m. micro-  p.p.m. | ance, of Of 
mhos P.p.m. | 
| | | 
1 | 2 | | 5 | 6 7 | 9g 10 
| 
No. 1 , 47 | 260000! 19200) 0.0 | 0.15 2.94 | 1.85 | 0.28 | 043 | 4 
No. 2 67 =| 270000 19160 | 0.0 0.14 2.78 1.74 0.19 0.11 1.1 
No. 3 32 270 000 19 200 0.0 0.115 2.15 1.30 0.19 0.15 0.8 
No. 3A 32 265 000 19 160 0.0 0.115 2.18 1.33 0.22 0.17 0.4 
No. 4 40 | 265 000 19 200 0.0 0.485 4.82 ‘27 0.16 0.13 ( 
No. 4A 40 | 265 000 19 160 0.0 0.485 4.58 1.03 0.17 0.16 
No. 5 37, — | «= 355 000 19 200 0.0 0.40 3.97 1.09 0.46 0.42 
No. 6 158 | 220000 19 160 0.0 0.29 3.40 1.26 0.43 0.33 
No. 7.. 655° | 380.000 19 160 0.0 0.62 5.29 0.82 1.01 1.23 0.53 
No. 8.. 932° 362 000 | 19 200 0.0 0.68 5.55 0.66 0.71 1.08 0.43 


* All tests w were made on condensed steam from a boiler operating at a pressure of 860 psi. and a final steam temper 


ature of 900 F. 


The steam leaving the boiler is washed by spray-type steam washers. 


» This factor was used because it agrees well with those being used by other investigators and also because it agr 


well with those given in column 9 of Table I. 
© The solids in the sample consisted largely of sodium 


water to give an alkaline reaction to 
phenolphthalein, but as shown in column 
5 of Table II it was assumed that free 
carbon dioxide was absent. 

The solids in the 5-gal. samples of 
condensed steam, which usually were 
taken in duplicate, were then deter- 
mined by evaporation in the previously 
described manner. ‘These results along 
with the corresponding conductance 

data are given in Table IT. 


DISCUSSION AND CONCLUSIONS 


The results presented in columns 10 
7 and 11 of Table I indicate that the 


sulfate. 


fore cause an appreciable error in the 
weight of the dish. Also, an appreciable 
error was made owing to the picking up 
of moisture by the dish and contents 
during the weighing process. Other 
slight errors were perhaps caused b) 
solids adhering to the electrodes and 
small rust spots dev eloping i in the tinned 
sample containers. 

After each test, an attempt was made 
to remove any material adhering to the 
electrodes. In most cases the weight 
the material was negligible, but in ca 
an appreciable amount was present, its 
weight was added to that of the residue 
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inthe dish. The fact that slight rusting 
occurred in the milk cans, which were 
slected for use because they were in- 
expensive and portable, indicates that 
these containers are not entirely satis- 
factory for such determinations. Still 
better results would probably have been 
obtained if tinned copper or pure block 
tin containers had been used. 

The fact that the values in column 9 
of Table I, for the amount of solids 
equivalent to one micromho conduct- 
ance, were practically constant indicates 
that in the absence of ammonia the 
conductance method may be expected 
to give satisfactory results, provided the 
conversion factor is determined by the 
evaporation method. This fact is illus- 
trated by the data for tests Nos. 4, 4A, 
5,and 5A, in which the sum of the solids 
originally present in the distilled water, 
as determined by conductance (using an 
average of the factors in column 9), and 
the added solids was found to be in 
agreement with the total solids as deter- 
mined by evaporation. The fact that 
conversion factors of wide variance have 
been obtained by different investigators 
indicates that it is necessary to deter- 
mine the factor by use of evaporation 
and conductance data for each specific 
case if accurate results are to be obtained 
by the conductance method. Even 
then, in the absence of ammonia, results 
obtained by use of the conductance 
method are usually questionable, due 
to the carbon dioxide and temperature 
corrections and to errors in determining 
the cell constant. 

The results in Table II give a com- 
parison of values obtained for the purity 
of steam from a boiler by the evapora- 
tion and conductance methods. The 
values obtained by the evaporation 
method, which in view of the results 
given in Table I and those of other in- 
vestigators? are considered quite accu- 
tate, were in all cases at variance with 
those obtained by the conductance 
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method. This was thought to be due to 
errors in the conductance method caused 
mainly by the large amount of ammonia 
in the steam and the inability to deter- 
mine and thus apply the proper correc- 
tive factor for this gas. These errors 
may have been due to two causes: the 
presence of ammonia in a form other 
than ammonium carbonate as assumed, 
and the presence of carbon dioxide which 
could not be detected by the usual 
method due to the presence of ammonia. 
Thus, if some of the ammonia were pres- 
ent as ammonium hydroxide or am- 
monium sulfate rather than as am- 
monium carbonate, a different correction 
would have to be applied. No attempt 
was made to determine whether this was 
the case or to determine whether free 
carbon dioxide was present, it being 
assumed as shown in column 5 of Table 
II that no free carbon dioxide was 
present. 

As shown by the results in column 10 
of Table II, the relation between cor- 
rected conductance and solids content 
of the steam as determined by the 
evaporation method was not constant. 
This was thought to have been due 
largely to the inability, as discussed 
above, to correct accurately for the 
large amount of ammonia present. The 
conductance method, even if calibrated 
by the evaporation method, would 
therefore not be expected to give accu- 
rate results under such conditions. The 
evaporation method, however, which is 
unaffected by dissolved gases, gave con- 
sistent results. 

In all of the tests carried out in this 
investigation, 5-gal. samples were evapo- 
rated in order to obtain sufficient solid 
matter to give a high degree of accuracy. 
If such a high degree of accuracy is not 
required or if more solids are present in 
the steam, the size of the sample may be 


decreased, thus proportionately decreas- 


ing the time of evaporation. 
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Mr. D. S. McKinney! (presented in 
written form).—The apparatus devised 
by Mr. Ulmer is a very considerable 
improvement over that usually used 
for the purpose. The disadvantage of 
an extremely large sample and conse- 
quent long time for analysis is obvious. 
The use of a semimicro method, allowing 
weighing to 0.01 mg., would permit re- 
ducing the sample size to 0.5 gal. with 
the same relative accuracy as obtained 
by Mr. Ulmer and with considerable 
saving in time. A good quality analyti- 
cal balance can be made sensitive to 0.01 
mg. as follows: 

A plano-convex galvanometer lens 
length is silvered and 
shellacked on the flat side. The lens is 
then attached in a horizontal plane, 
silvered side down, to the center agate 
bearing of the balance by means of a 
bit of wax, and the pointer bob lowered 
until the balance is again stable. The 
top glass of the balance is replaced by a 
piece of plate glass. A plane mirror is 
then located so that the distance from 
the lens to the mirror and back to the 
balance base is five times the length of 
the pointer. A single-filament lamp is 
then located above the balance so that 
the light reflected from the lens is re- 
flected back from the plane mirrorto the 
base of the balance, where, by proper 
adjustment of the lamp and mirror, an 
image of the lamp filament can be re- 
ceived on a piece of graduated paper 
placed on the base of the balance. The 


1 Assistant Professor of Chemistry, Carnegie Institute 
of Technology, Pittsburgh, Pa. 


DISCUSSION 


deflection of the filament image will |, 
ten times the deflection of the pointe 
The rider is then replaced by one 

one-tenth the weight, and _ fraction, 
weights used down to the weight oft 

smaller rider. 

The use of the semimicro procedur 
would allow the use of a platinum-line 
sample container instead of the tin-line 
container used by Mr. Ulmer. Inn 
opinion, the poor results reported 
Table II are due mainly to the attad 
of the alkaline water on the tin-lix 
sample can. Although one must adm 
the possibility of error in all the meas 
urements made and that ten sets of datz 
are rather few when three variables ar 
to be considered, a fairly good case ca 
be made for this opinion. 

If the observed conductance, L, 
a linear function of solids by evapor 
tion, S, and the ammonia, N, as is a 
sumed in the paper, then the resul 


may be represented by the equation 
o-S+b.N=Lora. +b- 


S N 
If F is then plotted against po shoull 


obtain a straight line with positive 
tercepts on both axes. Hf 6 is not: 
constant but a function of the ammoni 
content, one should still obtain on the 
above plot a regular curve with positive 
intercepts. Instead, one obtains a shit 
gun diagram from which no conclusiot 
can be drawn. However, if one plot 
the ammonia against the observed © 
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ductance, a fairly smooth curve can be 
drawn through the points, indicating 
that the conductance is mainly due to 
ymmonia. If the contribution of the 
dissolved solids to the conductance is 
calculated using the factor preferred 
by the author, this contribution de- 
ducted from the observed conductance 
and the result plotted against the am- 
monia content, the points scatter worse 
than in the plot of ammonia versus 
observed conductance. In my opinion, 
this is due not to variability of the ratio 
of dissolved solids to conductance but 
to increase in solids content of the water 
caused by attack of the alkaline water 
on the tin-lined sample container. 

The suggested semimicro procedure 
would save time and elinsinate these 
difficulties. 

Mr. Max Hecut.*—The closed evap- 
orating system described lends itself to 
direct use in the power plant without 
the necessity of transporting large vol- 
umes of water in containers. Some 
simple form of orifice metering equip- 
ment can be applied for measuring the 
volume of condensate. Sampling and 
cooling equipment using stainless steel 
obviates the uncertainty of coatings. 
The inclusion in the sample of foreign 
metals such as iron from such a system 
would be negligible or could be deter- 
mined in the evaporated residue and 
corrected for. 

The author mentions imperfections in 
the tinned coating exposing iron spots. 
It is apparent therefore that some tin 
has been introduced into the sample in 
the form of SnO. and no corrections 
for the “total” solids due to this inclu- 
sion have been made. 

The calibration of the conductivity 
method by a weight method is funda- 
mental and in this connection all of the 
necessary factors for correction of the 
Weighed residue as well as the conduc- 


* Adviser, Power Stations Chemistry, Pittsburgh, Pa. 


tivity determination must be applied. 
For example, the weighed residue must 
be corrected for substances lacking 
electrical conductivity characteristics. 
Among these are SiQe, FeO3, AlsOs, 
and organic matter. Similarly, the con- 
ductivity measurement should be cor- 
rected for conductivity of gases such a 
CO2, NH;, and The assumption 
that the ratio of evaporated residue to 
conductivity is a constant is incorrect. 
It appears that investigators subse- 
quent to Powell’s publication have as- 
sumed that Hecht and McKinney 
formulated this mode of expression. 
Powell’ states: “... Hecht and McKin- 
ney indicate a calibration of about 0.5 
p.p-m. per micromho.” A _ critical 
reading of the Hecht-McKinney paper* 
fails to disclose that any attempt was 
made by them to establish any such 
ratio. Further, a careful reading of 
Hecht and McKinney’s closure to their 
paper supplies the definition for “dis- 
solved salts” and it is this quantity 
which was calculated from conductivity. 

It is suggested that ammonia cor- 
rection be developed for each plant by 
preparation of a synthetic boiler water 
solution to which is added known 
amounts of ammonia in a manner simi- 
lar to the method described by Hecht 
and McKinney for COs. In my opinion 
this suggestion avoids the analytical 
errors in determining minute amounts of 
ammonia or of dissolved salts. 

It is still doubtful, in my opinion, 
that a constant factor can be used to — 
correct ammonia and CQO, to con- 
ductance in order to make the necessary 
gas corrections. The data in Rummel’s 


Sheppard T. Powell, H. E. Bacon, Jr., I. G. 
McChesney and F. Henry, ‘“‘Design and Development of 
Apparatus for Measurement of Steam Quality by Electri- 
cal Conductivity Methods,’ Transactions, Am. Inst. 
Chemical Engrs., Vol. 33, March 25, 1937, p. 116. 

4 Max Hecht and D. S. McKinney, ‘Electrical Con- 
ductance Measurements of Water and Steam, and Appli- — 
cations in Steam Power Plants,” Transactions, 0c. 
Mechanical Engrs., Fuels and Steam Power, Vol. 53, 
pp. 139-159 (1931). 
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paper’ substantiates this opinion in the 
case of COz. In conclusion, the author 
has apparently overlooked the fact that 
the method of mixture of concentrated 
water with steam condensate offers the 
most suitable method of calibrating the 
conductivity data. This method has 
been used with dependable results by 
Fitze,° Rummel,’ and Hecht and Mc- 
Kinney.‘ 

Mr. E. MANDEL.’ —Our apparatus is 
very similar to that of Mr. Ulmer. 
However, we found the manually con- 
trolled regulator of the flow of water to 
the platinum dish to be unsatisfactory. 
The apparatus could not be used with 
safety during the night when there was 
no one to regulate the operation; a 
slight increase in the rate of flow would 
cause the water to overflow the dish. 
The manual flow regulator was replaced 
by a magnetic (solenoid) valve which 
maintains a constant water level in the 
dish by automatically opening and clos- 
ing the water line. With this modifica- 
tion, both the water flow and the heat 
are automatically controlled, and the 
apparatus can be operated continu- 
ously (both day and night) with prac- 
tically no attention once it has been 
set up and put in operation. 

A Memper.-—-Is there any correla- 
tion between the old method of de- 
termination and the control method on 
identical water? Have you taken a par- 
ticular water and run the old evapora- 
tion method without the control sys- 
tem you just spoke of, and also run the 
same water in your control system? 

Mr. MANDEL.—-We have no data on 
that. 

Mr. J. B. Romer.* 


5 J. K. Rummel, “Estimation of Solids in Steam by 
Conductance,” Industrial and Engineering Chemistry, 
Analytical Edition, Vol. 3, July, 1931, p. 318. 

6M. E. Fitze, “Determination of Moisture in Steam 
by Electrical Conductivity,’”’ Power, September 18, 1928, 
pp. 484-485. 

7 Commonwealth Edison Co., Chicago, Ill. 

8 Chief Chemist, The Babcock & Wilcox Co., Barber- 
ton, Ohio. 
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riod since J. K. Rummel made his egy) 
study of the conductivity of steam cop. 
densate and established the relations} ) 


between solids in steam and the 
ductivity of the steam condensate 


have had the opportunity of examininy 


steam condensate from a 
boilers. 


number 


million of solids. In most cases, 


have been very fortunate in obtaining, 


satisfactory correction factor by | 
aid of Rummel’s curves for ammor 
correction. 


In a number of cases we have made; 


thorough investigation of the tot 
solids by evaporation of a large san 
of steam condensate. The samples ha 
been collected both in Pyrex and a 
in heavily tinned milk cans, as s 

by Ulmer, and we have consistent 
found that the milk-can sample alwa 
shows some H.2S metals to be preset 
and the samples in Pyrex always s 
a little higher silica. 


had some trouble from rust spots int 


first sample; then we bought a milk 


and sent it back to the tinner with t! 


request that he put two, three, or fou 


coats on until he had a coating t 
would not break through. Since t 
we have not had any trouble withr 
spots on the inside of that can. 
Mr. R. C. Utmer® (author's 

by letter). Mr. McKinney’s suggest 
that a semimicro procedure which wou 
permit the use of a smaller sample 


employed is a good one, but, as he 


a good quality analyti 
It is probal 


suggested, 
balance must be used. 


that most balances available in pove 
plants are not of sufficient precisi 


to warrant the use of such a sensill' 


method of observing swing of the bi! 


9 Chemist, Research Dept., The Detroit Edison 


Detroit, Mich 


As Mr. Ulmer points out, an. 
monia is a source of trouble in conver. 
ing the conductivity value to parts pe 


There is always: 
little tin in spite of everything. W 
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ance pointer. At any rate, if such a 
palance were available and his suggested 
apparatus were used, it would be neces- 
ary to make the weighings in a con- 
sant-temperature room, as difficulty 
was encountered in this work in ac- 
curately weighing the platinum dish 
with an ordinary balance because of the 
eflect of slight changes in temperature 
of the dish which had a rather large 
surface. Use of such a room would 
complicate the method to such an ex- 
tent that it would be impractical for 
use, and for this reason the use of a 
larger sample and its resulting greater 
amount of solids is recommended. 

In the case of the results given in 
Table II, Mr. McKinney concluded 
from his proposed equation that the 
observed conductance, column 7, was 
not a linear function of the amount of 
slids obtained by evaporation, column 
), and the amount of ammonia, column 
6. This was indicated, as pointed out 


in the paper, by the fact that the factor, 
column 10, relating solids by evapora- 
tion to conductance corrected for am- 
monia, was not constant and did not 


show a definite trend. That this was 
the case was not necessarily due to the 
reason given by Mr. McKinney, namely, 
that metal was dissolved from the 
sample cans but may have been and 
probably was due, as pointed out in the 
paper, to variation in the form in which 
the ammonia existed in the water. 
Thus, if the ammonia in one test were 
present as ammonium hydroxide, a 
correction factor of 9.1 micromhos per 
P-P.m. present as NH; would be re- 
quired, whereas, if in another test the 
ammonia were present as (NH4)2COs, 
4 factor of 7.4 micromhos per p.p.m. 
present as NH; would be required, and 
if in another test the ammonia were 
Present as (NH,)oSO4, a factor of 5.8 
micromhos per p.p.m. present would be 
fequired. As in this work, boiler water 


compositions varied considerably, it is 
probable that the form in which the 
ammonia was present in the condensed 
steam varied, and, as to the author’s 
knowledge there is no simple way of 
determining the form in which small 
amounts of ammonia are present in 
steam, the more or less conventional 
factor of 7.4 micromhos per p.p.m. 
of NHs was used. It is evident that a 
so-called “‘shotgun diagram’’ would be 
obtained as a result of the inability 
accurately to correct for the ammonia 
present. Evidence that the lack of 
agreement between the two methods is 
the result of this fact, rather than to 
solution of metal from the cans as Mr. 
McKinney suggested, is given by the 
fact that when ammonia was absent 
from the solutions as in the tests given 
in Table I in which tests the same cans 
and apparatus were used, the factor 
relating the amount of solids by evapo- 
ration to corrected conductance was con- 
stant. It is not thought that the slight 
difference in alkalinity of the solutions 
used in the two tests would cause such 
a marked effect on the cans, and, at 
any rate, if such were the case the effect 
should be more or less constant or at 
least show a definite trend. Further 
evidence in favor of the results obtained 
by evaporation is given by the fact that 
in Table II, column 9, the results ob- 
tained by evaporation vary in direct 
proportion to the -boiler water concen- 
tration as would be expected, whereas 
in column 11 the results based on con- 
ductance vary indirectly with the boiler 
water concentration which is not to be 
expected. 

As Mr. Hecht suggested, the appara- 
tus described could be used in the power 
plant, thus avoiding transporting the 
samples. Regarding his objection to 
the use of coated containers, as pointed 
out in the paper some difficulty was 
encountered in the use of tinned iron — 


arly 
1 COn- 
nshi 
{ 
t, am- 
nvert: i 
ts 
ts per 
ning 
th 
mon 
tot 
aM] 
} 
Hd 
| 
ad a 
snc 
stent 
alwa 
resent 
sno 
ways 
We 
j 
ilk 
g 
the 
th 
a 
rl 
rl, 
Be 
Chae 
| 
= 


1232 


cans. Since the paper was presented, 
aluminum cans have been used in sub- 
sequent tests. At first considerable 
aluminum was dissolved these 
cans, but after being filled with the 
water for several weeks use of the cans 
was found satisfactory and only a 
trace of aluminum dissolved during a 
test. Use of annodized aluminum cans 
probably would be a still greater im- 
provement. 

Regarding Mr. Hecht’s objection to 
the fact that no correction was applied 
for any non-conducting substances pres- 
ent, in calibrating the conductance 
method by the evaporation method it 
should be pointed out that such a cor- 
rection is not always desirable. Thus, 
in most cases the total solids rather than 
the dissolved solids are desired in steam 
purity tests. In this respect it is 
thought best to assume that the amount 
of non-conducting solids, which usually 
are present in small amounts, is con- 
stant as was done in the paper. If 
this is done, the results obtained by the 
conductance method indicate total solids 
rather than dissolved solids. 

Mr. Hecht’s statement that the ratio 
of evaporated residue to corrected con- 
ductance is not constant is entirely 
correct. As the results of an evapora- 
tion method are in terms of total solids, 
which is desirable, the error must lie 
in the conductance method. For this 
reason, use of the evaporation method, 
which gives results directly in the de- 
sired terms, is to be advocated. 

It is the opinion of the author that 
an ammonia correction cannot be de- 
veloped by preparation of a synthetic 
boiler water solution to which known 
amounts of ammonia are added in a 
manner similar to the method described 
by Hecht and McKinney for CO, for 
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the reason that, as stated previous) 
it is not readily possible to determine ti, 
form in which the ammonia is prese 
in the steam, and for this reason 

would not be possible to add the corre 
form of ammonia to the synthe 
boiler water. 

Regarding Mr. Mandel’s stateme; 
that some difficulty was encounter 
by them in controlling the rate of { 
of water into the dish in a similar ap 
ratus, some difficulty along this 
was also encountered in this 
Our experience was, however, that 
rate usually decreased rather than ir 
creased and that the time required 
evaporate the sample was increased. 

Recently a device for automatical) 
controlling the flow of water into t 
dish was added to the apparatus. 
means of this modified apparatus th 
time required to evaporate a 5-1 
sample has been reduced from 7 | 
4 days. 

Regarding Mr. Romer’s statement thi: 
in most cases they have been able tow 
rect satisfactorily the conductance ¢ 
condensed steam by use of Rumme 
curves, we also have been able in sm 
cases to obtain “reasonable”’ results 
use of a factor similar to that obtain 
from his curves. Whether these resu 
were accurate or just ‘“‘reasonable” isa 
other question. In other cases as inte 
case of those given in Table II the resu 
based on conductance measurementswWe 
not “reasonable” in that the apparel 
amount of solidsin the steam was grealt 
at low boiler water concentrations tha 
at higher ones. Thicker coatings 
tin over the sample containers were a 
tried, but in time rusting occurred. fe 
this reason aluminum cans were thé 
and so far have proved superior to! 
tinned ones. 
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ELECTRICAL CONDUCTANCE MEASUREMENTS OF WATER | 


EXTRACTS OF TEXTILES 


By A. C. WALKER! 


SYNOPSIS 


It has been shown that the electrical properties of textiles depend upon 
chemical composition, water-soluble electrolytic impurities, moisture content 


and manner of drying the material from the wet state. 


Selection of a textile 


for electrical purposes should include consideration of the influence of chem- 
ical composition upon the properties of the material, absence of significant 
amounts of electrolytes, and the method of drying the material from the 


wet state. 


This paper discusses the water extract conductivity method, its correlation 
with insulation resistance data, and describes a simple, durable electrolytic 
cell which is convenient to use for the conductivity measurements. 


The electrical properties of a textile 
depend upon its chemical composition, 
the amounts of moisture and water- 
soluble electrolytic impurities held in the 
fiber structure,? and also upon the man- 
ner of drying the material from the wet 
state® Marked improvements in the 
electrical insulation resistances of such 
textiles as cotton and silk have resulted 
from washing the material in water. In 
this way the naturally occurring water- 
soluble electrolytic salts are removed 
from the cotton structure, and certain 
electrolytic materials introduced during 
processing are removed from silk. 
we Ne York City Staff, Bell Telephone Labora- 


luction in 
Vol. 


(1933). 

*R. R. Williams and E. J. Mur 

. é _ E. J. Murphy, “Influence of 
inaature and Electrolytic Material upon Textiles as 


Journal, Am. 
568 m. Inst. Electrical Engrs., Vol. 


Methods of Measuring Effectiveness of 
Water Washing: 


Two methods have been used for 
testing the quality of washed textile 
insulation since its introduction into 
telephone apparatus more than ten 
years ago. The first is a measurement 
of d.c. insulation resistance of threads 
of the textile when stretched between 
parallel electrodes and conditioned for 
several hours in an atmosphere of con- 
trolled humidity and temperature. The 
resistance of such a textile is determined 
by the paths of moisture within the 
structure of the fibers along which the 
electrical current flows, and the re- 
sistance along such paths is influenced 
by the kind and amount of electrolytic 
impurities which may dissolve in this 
adsorbed moisture.2 Thus the insula- 
tion resistance test measures the net 
effect of moisture and electrolytic im- 
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purities. This method has been de- 
scribed in a previous publication.° 

The second method is a measurement 
of the a.c. conductance of a water extract 
of the textile. A known weight of 
sample is boiled in a measured volume of 
distilled water under controlled boiling 
conditions, the water decanted off, made 
up to a fixed volume, and measured for 
electrical conductivity at constant tem- 
perature. 

The insulation resistance test has been 
employed as a minimum specification 
requirement for inspection and control 
purposes in the commercial purification 
of silk and cotton for telephone appa- 
ratus, primarily because it gives a direct 
measure of the net improvement secured 
by washing and drying. The water- 
extract conductivity test, although not 
giving a measure of the total insulating 
improvement obtainable and therefore 
being less suitable as an end requirement 
than the insulation resistance test, is 
considered to be of great importance as 
a supplementary method since it gives 
a measure of the amount of water- 
soluble electrolytes which are particu- 
larly harmful in insulation due to their 
marked corrosion effects. In addition, 
this test helps to evaluate separately the 
factors which contribute to the improved 
insulating qualities of textiles secured 
by washing. 

Other investigators® have reported the 
use of this extract method as an inspec- 
tion test, claiming that it is less trouble- 
some and requires less time than the 
insulation resistance test, and that it 
renders unnecessary the precise tem- 
perature and humidity control required 
in the resistance measurement. From 


5H. H. Glenn and E. B. 
Insulation,’”’ Transactions, Am. 
Vol. 48, April, 1929, p. 576. 

6 J. Van Laetham and R. Vernimmen, “Inspection of 
Textiles Used in the Manufacture of Telephone Cords 
— — Electrical Communication, Vol. 14, p. 35 
(1935). 


Wood, ‘Purified Textile 
Inst. Electrical Engrs., 
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our experience with both methods jt ;: 
concluded that the extract test possess: 
no material advantage over the ins). 
tion test as regards difficulty or time 
but the equipment required may 
somewhat less expensive. 

Before describing this extract cop 
ductivity test and a simple, rugged typ 
of cell developed for this purpose, it may 
be well to give some consideration to the 
factors involved in securing optimum 
electrical insulation resistance properti« 
in textiles, particularly cotton, in orde 
to evaluate the merits of both te 
methods. 


TABLE I.-—-PROPERTIES OF COTTON. 
85 per cent relative humidity, 100 F. 


Insulation  Specif 


Resist- | Condy 
Moisture ance, tivity 
Drying Treatment | Content, kilomeg- Water 
percent ohmsofa_ Extra 
thread 3/4 microm 
in. long per 

Sample A: 
Oven-dried....., 10.35 31 16 
Air-dried . 11.20 12 17 


Sample B: 
Oven-dried. . . 
Air-dried....... 


10.25 29 19 
11.10 13 


Textile Properties Affecting Test Result 


Cotton will exhibit different moistur 
adsorbing capacities depending upon t! 
previous treatment of the material, pa 
ticularly the conditions under which 
is dried from the wet state. If washe 
cotton is air-dried at room conditiot 
from a thoroughly wet state it will ther 
after adsorb more moisture at any givt! 
equilibrium humidity condition than’ 
the same material is oven-dried at ter 
peratures above 100C. In fact, th 
higher the temperature of drying, witht 
safe limits as regards the stability of t 
fiber, the lower will be the moistu 
adsorbing capacity of the textile. 

Table I illustrates this characteris 
of cotton. 
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Before washing, these materials had 
an insulation-resistance value of the 
order of 0.15 kilomegohms per thread, 
and a water-extract conductivity of 180 
micomhos per gram. Washing alone, 
as measured by the air-dried insulation 
resistance, caused an improvement of 
about 100-fold; oven-drying more than 
doubled this result. 

Thus it is seen that the insulation 
resistance of cotton may be improved 
between 100 and 200-fold by proper 
washing and drying. Under optimum 
conditions, this improvement may be as 
much as 250-fold. Of this total, a large 
part is the result of the removal of 
water-soluble, naturally occurring elec- 
trolytes by the washing treatment, and 
this is therefore termed electrolytic im- 
provement. The remainder of the im- 
provement is due to the method of dry- 
ing, and it has been suggested that this 
drying when carried out to the best ad- 
vantage as regards the electrical proper- 
ties of the material, causes a reduction in 
the capacity of the internal surfaces of 
the fibers to adsorb moisture. There- 
fore it is termed structural improvement. 

The insulation resistance of cotton, 
however, is to some extent diminished 
when well-washed and well-dried mate- 
rial is exposed in a loose state to cyclic 
changes in atmospheric temperature and 
humidity conditions over an extended 
period of time. Until recently it was 
considered that this drying effect might 
bea transient one. The following test, 
one of several which have been made, 
shows that the structural improvement 
Is largely retained under certain condi- 
tions easily achieved commercially. 


Effect of Atmospheric Conditions on 
Purified Material: 


Two samples of red-dyed cotton were 
laken from a package of washed mate- 
rial. About two ounces were wound, 
while still wet, upon each of two paper 


tubes. One of these samples was air- 
dried at room conditions, the other 
oven-dried above 100 C. After drying, 
these two samples had insulation resist- 
ances, designated Initial Insulation Re- 
sistance in Table II. 

Again in this table it is seen that oven- 
drying gives resistance values more than 
twice those of air-drying. These two 
samples were left on a table exposed to 
sunlight and atmospheric conditions, but 
protected from dirt, for6months. After 
this time the red dye showed some fad- 


TABLE II.—-INSULATION RESISTANCE TESTS ON 
COTTON AFTER 5-YR. EXPOSURE TO 
ATMOSPHERIC CONDITIONS. 


| Insulation Resist- 

lance, kilomegohms 

per thread, 3/4 in. 

ong. at 85 per cent 

relative humidity, 
100 F. 


Length of Thread), 
| Removed Re- 
Test Length ferred to End on 


> Outside of Spool 


Initial insula- 
tion resis- 
tance taken 
after drying 

No. 1 

No. 

No. 

No. 

No. 

No. 

No. 


Air- 
dried 


Oven- 
dried 


15 to 30 ft. 
30 to 45 ft. 
45 to 90 ft. 
60 to 75 ft. 
75 to 90 ft. 
Total of 80 
yd. re- | 
moved | 


ing on the sides of the packages exposed 
to the sun. They were then stored in a 
loose-fitting pasteboard box for 5 yr. 


The outside layer on each package was — 


then measured for insulation resistance 
giving the values opposite test length 
No. 1 in the table. Thus it is seen that 
the resistances of these outer layers were 
reduced to about 38 per cent of the 
initial values. After removing succes- 
sive test lengths up to a total of 90 ft., 
the insulation resistance values approxi- 
mated the initial ones, even though 
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_ faded spots were still visible on the sixth 


test length. After unwinding a total of 


80 yd. from each spool the original insu- 
lation resistance values were shown to 
be retained. 


Even superficial protection of a well- 
dried textile as illustrated by this test is 
sufficient to preserve the initial high in- 
sulating quality. It would appear that 


the underlying layers, even when not 


fully protected from the atmosphere, 


_ may be sufficiently firmly held in place 
so that cyclic changes of humidity may 


not seriously impair the value, as is the 


case with material loosely exposed. 
_ Thus the layer of insulation on a textile ~ 
insulated wire next to the conductor may 


retain its initial high quality after a 


period of years if it is not adversely 
affected by prolonged, complete exposure 


between the time of drying and the appli-- 
cation of insulation. It also should be 

noted, as discussed in detail in a previous - 
paper*® that a high initial insulation — 
resistance can be again secured with a _ 


_ cotton such as the air-dried sample in 


Table II by rewetting the material with 


liquid water and redrying rapidly at 


a high temperature, for example, the 
treatment initially accorded to the oven-- 
dried sample in Table IT. 

In the light of these experiments, it is” 
emphasized that the improvement which 
may be obtained by optimum pon 
of well-washed cotton is important since 
it may be retained to a large extent, if 
not completely, during the life of the 
insulation. Even if not entirely re- 
tained, the data in Table II show that 
the better the initial drying, the higher 
is the general level of insulation resist- 
ance, even if the material is later ex- 
posed to the normal variations in at- 
mospheric humidity conditions. 

Based on these data, it is clear that 
more than one test method is necessary 
to evaluate the insulating quality of the 
material. Two samples of cotton may 


. 


have the same insulation resistance, by: 
may have different degrees of purity as 
measured by the water-extract test 
Conversely, two samples of the same 
purity may have different insulatio; 
resistance values depending upon the 
manner of drying the material from the 
wet state and the subsequent exposur 
to varying atmospheric conditions, 
Therefore, to determine the insulating 
quality of a washed textile it is firy 
necessary to determine its purity by th 
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extract measurement. Then, if th 
material has been adequately protecte 
from high atmospheric humidity cond 
tions subsequent to drying, the insult 
tion resistance measuremént gives @ 
indication of the improvement effecte’ 
by the drying procedure. However, # 
the textile has been exposed to unknow 
atmospheric conditions subsequent 
drying it is necessary to rewet the mate 
rial and oven-dry it at a temperature 
105 C. and again measure the insulatios 
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resistance. These two resistance meas- 
urements give sufficient information to 
characterize the insulating properties 
of the material. However, in practice, 
the method of sampling washed and 
dried cotton avoids the effect of atmos- 
pheric humidity, and with some knowl- 
edge regarding the general level of 
insulation resistance of washed textiles 
the single insulation resistance measure- 
ment of the material furnishes sufficient 
information to characterize the efficiency 
of the drying procedure. 


Water-Extract Method: 


A simple, durable conductivity cell 
that has been used in our laboratories 
for some years for measuring the water 
extracts of textiles is shown in Fig. 1. 
It consists of a hollow, hard-rubber tube, 
8} in. long by 14 in. in outside diameter 
and 3 in. in inside diameter, surmounted 
with a cap upon which are mounted two 
terminal lugs. This cell is shown in- 
serted in a Pyrex glass test tube 9 in. 
long by 1;% in. in inside diameter which 
contains the test solution. The top of 
the cell is drilled out so that the tube is 
open from end to end. Inside this tube 
at distances of 1 in. and 3 in., respec- 
tively, from the bottom end are fitted 
tightly two gold-plated copper rings } 
in. wide, made from 3-in. outside diam- 
eter copper tubing, with a wall thickness 
of approximately #¢ in. These rings 
constitute the electrodes and are firmly 
forced into the positions shown. Flex- 
ible copper leads buried in the wall of 
the rubber tube connect the terminal 
lugs with these rings. Thus the cell 
consists of two gold-plated electrodes 
mounted coaxially in a hollow insulating 
tube, and when the cell is immersed in a 
solution containing enough liquid to 
cover both rings, the liquid rises to the 
same height inside the tube as outside. 
Placing the electrodes on the inside of 
the tube restricts the current flow to the 


cross-section of solution between the 
two rings, thus making the measurement 
independent of the shape of the vessel 
containing the solution. With the usual 
type of glass dip cell, this same effect is 
accomplished by a glass shell or “petti- 
coat” placed around the electrodes. 

This cell is considered to have several 
advantages. It is durable, and can be 
reproduced readily to exact physical 
dimensions so that the cell constant for 
different units may be substantially 
the same. Three cells made up at 
different times from the same blueprint 
gave cell constants all between 1.86 and 
1.87. Another important advantage is 
the fact that after making a measure- 
ment on a highly contaminated sample 
extract, the cell can be removed, dipped 
in distilled water, and the excess liquid 
adhering to the cell blown off with com- 
pressed air. This method of removalof 
liquid is a mechanical drying rather than 
drying by evaporation; thus there is less 
chance of contamination than where the 
electrodes used are platinized platinum 
which might retain traces of electrolytes 
adsorbed in the spongy platinum sur- 
faces unless proper care is taken to wash 
these electrodes well between tests. . 
The electrode rings in the hard-rubber 
cell fit tightly against the inner wall of — 
the tube so that liquid cannot be trapped — 
behind the electrodes. Because of the 
ease of cleaning and drying of the cell, — 
the time required per test is a minimum. 

The limiting factor in determining the 
accuracy and reproducibility of a water- 
extract conductivity test of textile 
insulation is considered as being the uni-| 
formity of extraction, rather than elec- 
trode polarization effects which may be 
somewhat greater for polished electrodes — 
than for platinized platinum electrodes. — 
Therefore, for commercial purposes such 
as for process investigation or control 
where dilute aqueous solutions are con- 
cerned, this cell is particularly satis- 
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factory. Also it is considered that it 
should be useful in laboratory instruc- 
tion in educational institutions where 
research precision is not required. 

The possibility of contamination due 
to sulfur bloom and sulfuric acid forma- 
tion on the rubber surface appears to 
be negligible, particularly if the cell is 
kept in water except when in use. No 
significant change has been observed in 
the surface of the rubber on a cell which 
has been in use nearly ten years. Re- 
plating of the electrodes is desirable after 
a period of a few years. 


Test Procedure for Water-Extraction of 
Textiles: 


A recommended test procedure for 
textiles is as follows: 

A 0.5-g. sample of textile or other 
fibrous insulating material is cut into 
small pieces about } in. in largest dimen- 
sion, and placed in a 250-ml. Pyrex 
beaker. One hundred milliliters of boil- 
ing distilled water is added, and the 
beaker covered with a watch glass, and 
the mixture boiled gently for 10 min. 
Boiling should be carefully controlled 
in such a way as to cause currents which 
* will maintain a circular motion of the 
material. A most satisfactory type of 
heater is one with a coiled heating ele- 
ment exposed directly below the beaker, 
and with an adjustable rheostat for tem- 
perature control. These individual 
heaters are more satisfactory than a 
large hot plate which may accommodate 
a large number of beakers, since differ- 
ences in temperature at different points 
on the surface may seriously affect the 
efficiency of the extraction. 

After boiling for 10 min. the water is 
decanted off and the procedure repeated. 
These two extracts are combined and 
brought to a volume of 150 ml. Sixty 
milliliters of this extract are placed in the 
Pyrex test tube and this in turn is placed 


in a water bath at 77 F. (25C.). Aft 
the extract reaches equilibrium, both « 
regards temperature and absorption ¢j 
atmospheric carbon dioxide, the ¢ 
conductivity cell is inserted in the soly 
tion and the conductance measure 

A blank on distilled water is made. th 
water being given the same boilixe 
treatment as in the case of an extractio; 
It is considered unnecessary to descril 
the actual electrical measurement or ti 
theory involved since this is available 


TABLE III, 


Extraction Procedure, each with 
100 ml. H2O, total volume at end 
150 ml. cr 


Weight of 
Sample, g. 


Two 10-min. boiling periods 


| Two 10-min. boiling periods 


| Two 10-min. boiling periods 
| Two 10-min. boiling periods 
Two 10-min. boiling periods 


Two 10-min. boiling periods 9 
Two 10-min. boiling periods 23 


Three 10-min. boiling periods 
One 5-min., one 3-min., one 
3-min. boiling period 
One 5-min., one 1-min., one 
1-min. boiling period 
Blank on 
distilled 


water 


@ Check analysis. 


any physical chemistry text. It 

however, preferable to use an alternati 
current of relatively high frequen 
say 1000 cycles per second, so as ' 
minimize electrolytic polarization effect 

Table III illustrates the effect of si 
of sample as well as several extracti 
procedures. 

In this table, all measurements # 
converted to a comparable basis ! 
observe the effect of sample size. f« 
example, the actual total specific 0 
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ductivity for the 0.1-g. test was 8.1 
micomhos. Subtracting the blank of 
4,3 gives a value of 3.8. This observed 
value is divided by the weight of the 
ample, giving 38 micromhos per gram. 

In view of the fact that it would be 
exceedingly difficult to extract all of the 
water-soluble electrolytes from a textile 
sample, a method such as that described 
here is, of course, somewhat arbitrary. 
Therefore it is considered less important 
to specify rigidly the size of sample and 
volume of solution than to be explicit 
about the reproducibility of the test 
conditions whatever size of sample and 
volume of solution is selected for a given 
purpose. We have found it convenient 
to use 0.5 g. of sample and two 10-min. 
extractions. 

Bulk of sample becomes a factor for 
a given volume of water as the sample 
size is increased much above 1 g., since 
the effectiveness of extraction is de- 
creased and somewhat variable results 
are observed due to lack of uniform 
agitation during boiling. 


Conclusions: 


The d.c. insulation resistance of a 
washed textile, particularly cotton, is 
dependent upon its impurity content, 
the capacity of the material to adsorb 
moisture, and the distribution of such 
moisture on the internal surface of the 
material. This moisture content and 
distribution in turn is dependent upon 
the manner in which the material has 
been previously dried, as well as its sub- 
sequent exposure to cyclic humidity 
conditions. It is clear, therefore, that a 
single test such as insulation resistance 
or water-extract conductivity is not 
sufficient alone to characterize the elec- 
trical insulating quality of the material. 
A combination of the above tests to- 
gether with some background of knowl- 
edge of the general level of insulation 
resistance of the material provides a 
means of obtaining a better picture of 
the quality of the textile and a means of 
insuring control of the process used to 
secure satisfactory commercial material 
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Mr. W. D. Co accom- 
panying Fig. 1 shows a dipping type 
conductivity cell made of lucite (a trans- 
parent plastic) which is being used by 
the Geological Survey in the field and 
in the laboratory. It obviates the 


aminati 
trapped 
shown b 


water to 


THE CHAIRMAN (Mr. E. P. Partridge blown d 


-I should like to ask Mr. Walker oy, 
question, that is, whether the gold ee. 
trodes are located inside of the ty 
by actually forming the tube around 
electrodes, or are they pushed in. 


Fic. 1.—Dipping Type Conductivity Cell. 


trouble and loss of time due to breakage 
of glass cells. The cell, which is of the 
same size as the usual dipping cells, was 
made in the instrument shops of the 
Geological Survey in the steps shown 
in Fig. 1. A cylinder of lucite is used 
instead of a glass cylinder to hold the 
sample for measurement of conductivity. 


1 Chemist in Charge, Quality of Water Division, U.S. 
Geological Survey, Washington, D. C 


Mr. A. C. WaLKER.*—In this part: 
ular cell the electrodes were gold-plate 
brass rings pressed into place on 
inside of the tube. No doubt a bette 
job could be done by molding the mi 
into some resistant plastic material “ 
hard rubber, but the degree of 0 


b 2 pientas of Research, Hall Laboratories, Inc., Pits 
urgh, Pa. 

Member of Technical Staff, Bell Telephone 
ratories, Inc., New York City. 
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mination by liquid which might be way most of the adhering liquid is 
sapped behind the pressed-in rings is mechanically removed and does not 
shown by test to be negligible. Anim- leave dried spots of electrolyte. 

portant advantage of this cell is that the This cell is not unique, perhaps, but 
wet surface may be dipped in distilled it has the merit of simplicity and it 
water to reduce contamination and then — gives excellent results for commercial 
jlown dry with compressed air. In this purposes. 
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THE pH, DISSOLVED IRON CONCENTRATION AND SOLID PRODUC; 
RESULTING FROM THE REACTION BETWEEN IRON AND PURE 
WATER AT ROOM TEMPERATURE 


By RicHarp C. Corey! AND THomAs J. FINNEGAN! 4 


SYNOPSIS 


A study was made of the reaction between iron and water at room tempera- 
ture in order to obtain experimental information regarding the fundamental 


corrosion reaction. 


The work was conducted in iron vessels, and the water 
which was used was free of dissolved oxygen and carbon dioxide. 


This proce- 


dure eliminated these gases as factors and also insured the absence of impuri- 
ties that might be introduced by contact with glass vessels. 
It was found that the solution reached a pH value of approximately 8.3 and 


contained about 0.2 p.p.m. of dissolved iron. 


tion is predominantly Fe3Ox. 


The solid product of the reac- 


Previous investigators have reported pH values 


of the order of 9.0 to 9.6, but it is believed that the use of glass vessels was re- 
sponsible for higher results than those reported here. 
Hypotheses of the fundamental corrosion reaction are discussed as well as 


the work of other investigators. 


The corrosion of iron by water, as 
experienced in practice, is subject to the 
influence of substances in solution, 
notably, oxygen, carbon dioxide, and 
salts. These factors may be considered 
as influencing the rate and the type of 
corrosion, and there is good agreement 
as to their quantitative effects. The 
fundamental reaction which occurs when 
iron is placed in contact with pure water, 
free of all substances except an inert gas, 
has received relatively little attention, 
however, and there are differences of 
opinion as to the mechanism and the 
thermodynamic properties of this 
system. 

In 1924, Shipley and McHatfie (1)* 


Chemist, Department of ‘Technical Development and 
Research, Consolidated Edison Company of New York, 
Inc., Brooklyn, N. Y 

2The boldface numbers in parentheses refer to the 
reports and papers appearing in the list of references 
appended to this paper, see p. 1252. 


placed iron and steel drillings in wate 
which had been rendered gas-free 
boiling. After standing out of conta 
with air for periods varying from s 
weeks to over a year, the solutions 
attained a pH value of 9.4. This pi 
was assumed to be that which co 
responded to a saturated solution ( 
ferrous hydroxide. 

Whitman, Russell, and Davis (2) # 
1925 placed iron powder in deaeratt: 
water. The total dissolved iron cu 
centration became 3.75 p.p.m. with! 
pH value of 9.6. On the assumpll 
that ferrous hydroxide was the produ 
they calculated that it was 30 per cet 
ionized. 

Murata (3) in some similar experimen 
found a pH value of 9.2. His dissolves 
iron concentration, however, was + 
p.p.m. which was about one-tenth © 
that found by Whitman, Russell, 2% 
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Davis. He concluded that ferrous hy- 
jroxide was 100 per cent ionized. 

A considerable amount of indirect 
york, in the nature of thermodynamic 
speculations, and conductivity, oxida- 
jon-reduction potential, and _ other 
physico-chemical measurements on iron 
alts in acid and alkaline solutions, 
more or less supports the conclusions 
just given. It is generally believed that 
ferrous hydroxide is the end product of 
the iron-water reaction and that the pH 
value is related to the solubility of 
ferrous hydroxide. 

There is, however, a lack of agreement 
between the values assigned to the free 
energy change for the reaction between 
iron and water (2,4,5,), and these 
values are in turn dependent upon the 
particular value assigned to the solu- 
bility product of ferrous hydroxide ac- 
cording to the relation: 

K =< 

where K = solubility product — of 

Fe(OH)s, and 
F° = standard change in free 
energy 

Sweeney (5) studied the reaction be 
tween iron and water thermodynami- 
cally, using recent AF®° and electrode 
potential data, with results indicating 
that the pH and dissolved iron concen- 
tration of pure water in contact with 
iron might not agree with the experi- 
mental values quoted above. 

If one assumes that no ferrous hy- 
droxide separates from solution, and 
that the fundamental reaction is the 
only one which takes place, namely, 

Fe + 2H+ Fet+ + H, 


ge 


in which 


‘ 


~AF® = 20,350 + 1305 log 
(Fe**) 
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This is lower than that found by Whit- 
man, Russell, and Davis, although they 
assumed that ferrous hydroxide sepa- - 
rated, which, in itself, will produce a 
lower ferrous iron concentration and pH 
through the removal of ferrous and 
hydroxide ions. 

Sweeney compared the dissolved iron 
concentration found experimentally by 
Baylis (6) with that which might be ob- 
tained if one utilized the solubility 
product of ferrous hydroxide found by 
Britton (7). The agreement is quite 
good, considering that Baylis studied 
iron in various industrial waters and 
Britton studied the pH changes which 
occurred when a soluble ferrous salt in 
acid solution was titrated with sodium 
hydroxide. 

Using a solubility product constant 
of 10~"*-8 derived from Britton’s data, a 
saturated solution of ferrous hydroxide 
was found to have a pH value of 7.8 
and a dissolved iron concentration of 
0.02 p.p.m. At higher pH values 
the dissolved iron becomes vanishingly 
small. 

It is true that Britton’s constant for 
ferrous hydroxide is considerably smaller 
than that of other authors, and the small 
effect of the ionic strength on K was 
not considered, but it will be seen later 
that although it may not be the solu- 
bility product constant for pure ferrous 
hydroxide, it may be an indication that 
ferrous hydroxide is not the sole product 
when its production is approached from 
the acid side of its isoelectric point, as 
is the case when iron is placed in water. 

Baylis (6) appears to be the first to 
express dissatisfaction with the corrosion 
mechanism which requires the formation 
of ferrous hydroxide as the only end 
product of the reaction between iron — 
and pure water, calling attention to the 
fact that nearly all of the rust formed 
in the absence of dissolved oxygen is 
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an oxide of iron rather than the 
hydroxide. 

An interesting experiment was per- 
formed by Schikorr in 1929 (8) which 
lent support to Baylis’ remarks. He 
placed iron turnings in contact with 
oxygen-free water in a closed system. A 
_ pressure of 18 atmospheres of hydrogen 
_ developed, which probably would have 
been even higher if the experiment had 
been continued. A black oxide coating 
was produced on the specimens in 2 hr. 
The activity for small particles was 
found to be greater than that for large 
specimens. 

Partridge and Schroeder (9) in an 
analysis of Schikorr’s work explain the 
difference in activity of specimens of 
different sizes as being a surface-mass 
relation, and that a protective oxide 
layer may be produced on large pieces. 
There is the additional possibility, how- 
ever, that the potential differences be- 
tween the cathodic and anodic points on 
a plate may be less than those between 
adjacent particles. 

The development of a black oxide 
coating on iron particles at high tem- 
peratures was noticed by Berk and 
Schroeder (10) who treated fine steel 
saw cuttings with water for 16 hr. 
at 250 C. 

While the black coating is apparently 
Fe;0,, some X-ray data show that it 
may contain other substances. Al- 
though these data are for conditions 
other than the direct action of pure 
water on iron, they seem pertinent: 
Berl and Van Taack (11), for instance, 
made an X-ray examination of the prod- 
uct resulting from the corrosion of iron 
at boiler temperatures and found it to 
be Fe,0, containing FeO. Cates (12) 
examined the deposits formed on iron 
specimens lying at the bottom of a tall 
column of water. The rate of supply of 
oxygen to the iron was very low. He 
obtained corrosion products whose dif- 
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fraction patterns corresponded to Fe() 
coated with a thin layer of 7-Fe Ooy 

Baudisch and Welo (13) offer the { 
lowing explanation for the formation 
Fe,O, in a solution which contains 
little oxygen: 


“According to Krause (14), the isoelect 
point of Fe (OH)3 when formed by { 
oxidation of Fe (OH) is at pH 5.2. It fing 
itself in an alkaline medium and imp 
diately assumes an acid character. It th 
combines with the still unoxidized, strong 
basic Fe(OH) of isoelectric point, pH 11; 
to form ferrous ferrite according to th 
reaction: 


Fe (OH)2 + 2 Fe (OH)s > 
FeO- + 4H 


Ferrous ferrite does not oxidize further und 
these conditions. 

“When the rate of oxygen supply is | 
enough, there is sufficient time for t 
reaction between Fe (OH)o and Fe (OH 
to form FeO-FeO3. At boiling tempen- 
ture, particularly, the formation of ferro: 
ferrite is favored because the rate of com 
bination is increased and at the same tin 
the supply of oxygen is diminished. Ont! 
other hand, when the supply of oxygen 
plentiful, and especially at low temperatur 
when the rate of oxidation is high as cor 
pared with the rate of combination 
Fe (OH), and Fe (OH)s, we will have near 
complete oxidation to Fe (OH)3.” 


Schikorr (8) explained the productic: 
of hydrogen and Fe;O, in his experimen! 
in a different manner. He proposed tit 
following reactions as those which occu 
when iron is in contact with oxyget 
free water: 


3Fe —3 + 
2 Fet+ — 2 Fet** + 2e. 
8 H,0 — 8 Ht + 8 OH 
8Ht — &e.... 


Fet+ + 2 Fet**+ + 8OH — 
Fe,0, + + 
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It is interesting that this mechanism 
suggests that Fe;O, is produced directly 
from the ions in the absence of oxygen. 
It would appear also that corrosion 
would continue indefinitely as long as 
no protecting film was produced on the 
metal surface. At the same time, a 
final pH of 9.0 or greater is doubtful 
due to the completeness of Eq. 5 to 
the right. 

The formation of ferric ions in 
Schikorr’s equations might be a point of 
issue, but it is conceivable statistically 
when one considers the relatively com- 
plex electronic structure of iron. Actu- 
ally, the summation of Schikorr’s equa- 
tions gives the conventional equation 
for the reaction of iron with steam. 

One may use the thermodynamic 
studies of Murata (4) and calculate that 
at pH 7.0 the ratio of ferrous to ferric 
ions is 10° K +/Py, where Pu, is the 
pressure of hydrogen in the system, 
expressed in atmospheres. According to 
this, a small amount of ferric ion would 
exist and enable the solubility product 
of magnetite to be exceeded. Exact 
data on the latter is lacking, but it is 
undoubtedly extremely small. 

Some work exists which might be 
taken to indicate that ferrous hydroxide 
can react with water to produce mag- 
netite. Goldberg in 1915 (15) found 
that ferrous hydroxide dissociates water 
to produce hydrogen and oxygen at 
200 C. or higher. Schikorr in 1933 (16) 
found that, in the presence of ferrous 
ions, ferrous hydroxide liberates hy- 
drogen from aqueous solutions with the 
production of a dark green magnetic 
oxide which he believes to contain less 
than two atoms of divalent iron to one 
atom of trivalent iron. . 

These studies, like some of the others 
which have been mentioned, are im- 
portant in the literature of the properties 
of iron, but they are only indirectly 
applicable to the fundamental corrosion 
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reaction, namely, that which happens 
when iron is acted upon by water alone. 
While this reaction has been studied by 
a few investigators, a set of experiments 
performed by the authors gave results 
which are sufficiently different from 
those which are usually accepted, to 


justify making them public. _ 


The desired condition for the experi- 
ments was the contact of iron with 
water which contained no dissolved 
oxygen or carbon dioxide, in order that 
the products formed would result only 
from the reaction of iron and water and 
not be qualified by the effect of other 
agents. To achieve this condition, 
water was prepared which was satis- 
factorily free of undesirable dissolved 
gases, and the experiments were con- 
ducted in vessels in which a gas other 
than air was kept above the liquid. 
At first, commercial tank nitrogen, 
purified by passing it through chromous 
sulfate (17, 18) and pyrogallol (19), was 
used, but as this gas as received con- 
tained about 0.2 per cent of oxygen, it 
was felt that hydrogen would be prefer- 
able because of its lower initial oxygen 
content. Some early experiments were 
performed in Pyrex flasks, but the 
results were unsatisfactory because son.* 
extraneous factor appeared to have 
been introduced by the glass. The 
later experiments were carried out in 
iron vessels, thereby limiting the system 
to iron and water. Provision was made 
in the assembly used for this later work, 
however, to conduct some simultaneous 
experiments in glass, and the earlier 
indications were substantiated. 

The iron vessels used were tinned 
seamless cans, 6 in. high and 5 in. in 
diameter. They were made of stock 
containing 0.07 to 0.10 per cent carbon 
and about 0.3 per cent manganese 
(Fig. 1 (a)). The tin was completely 
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removed with hot hydrochloric acid. 
While still wet, the cans were quickly 
and thoroughly washed with hot water 
(70 C.) and then wiped dry with clean 
cloths. ‘They were then filled with hot 
U.S.P. 95 per cent ethyl] alcohol, drained, 
and again wiped dry. Cans of this type 
made convenient vessels, but it was 
found necessary to use seamless cans 
as the wash water of those with the 
ordinary folded joints showed small 
quantities of chloride ion even after 
many successive washings, presumably 
because of occlusion of the acid in the 
capillary spaces at the joint. 


(a) Sheet steel used in container. 


Fic. 1. 


. The cleaned cans were fitted into two 


steel nipples, diametrically opposed, one 
being placed about 1 in. from the top of 
the can and the other about 1 in. from 
the bottom. The upper nipple served 
to supply the vapor space with hydrogen 
and the lower one was used for drawing 
samples. 

The glass vessels were 800 ml. Pyrex 
Kjeldahl flasks. Before use they were 
cleaned with hot potassium dichromate - 
sulfuric acid mixture, washed with 


water, then steamed out for 30 min. 
and finally filled with conductivity 
water and stored for about one week 
before use. 
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-Photomicrographs of Materials Used for Containers and Specimens (X 100). 
Etched in Nital. 


The quartz flask was the same type 
as the glass flasks, and was prepared 
in the same manner. 

Iron powder was used as the reactant 
in some of the early experiments, 
Several grades of powder were studied, 
some of which had been prepared by 
reducing iron oxide while others were 
iron filings reported to be of USP. 
grade. It was found that oxygen-satv- 
rated aqueous extracts of these powders 
were alkaline to phenolphthalein and 
upon evaporating to dryness yielded 
isotropic and anisotropic crystals, neither 
type being identified as iron compounds, 


(b) 4-in. bar stock steel specimen. 


It was decided that the desired exper'- 
mental conditions could not be obtained 
if the iron reactant introduced a foreign 
substance into the system, so the use 
of iron powder was abandoned. 

The results reported here were ob- 
tained with iron (steel) bars prepared 
from 12-cm. lengths of }-in, bar stock. 
Figure 1 (6) shows their microstructure. 
They were prepared for use by cleaning 
in 10 per cent sulfuric acid at 50 C. 
followed by a rapid stream of water at 
70 C. Then they were immersed in hot 
95 per cent ethyl alcohol for severdl 
minutes, and quickly dried. No coi 
taminants from the pickling acid re- 
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mained after this treatment. The bars 
were stored in a desiccator until used. 
When specimens were used repeatedly, 
instead of treating them with acid they 
were rolled in an Abbe mill lined with 
ingot sheet iron for several hours. They 
were then washed with hot water and 
alcohol as above. This treatment pre- 
pared the specimens for the succeeding 
experiment. 


RON 


Fic. 2. 


A very pure grade of distilled water 
meeting the requirements for these ex- 
periments was prepared as follows: 

A 12-liter Pyrex flask was fitted with 
a j-in. block tin condenser. The vapor 
end of the condenser was elaborately 
baffled to prevent carry over. Pieces 
of porcelain were placed on the bottom 
of the flask to prevent bumping. 

The flask was one-half filled with 
ordinary distilled water made 0.025 
molar with orthophosphoric acid as 
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recommended by Ellis and Kiehl (20). 
During boiling, a continuous stream of 
purified nitrogen was passed through 
the water. Several liters of water were 
distilled and discarded before the dis- 
tillate was used to fill the corrosion 
vessels. The condensate was collected 
in a 2-liter Pyrex aspirator bottle under 
an atmosphere of nitrogen. ‘This flask 
served as a temporary reservoir prepara- 


PRESSURE 
REGULATOR 


Arrangement of Experimental Apparatus. 


tory to use. Storage periods did not 
exceed 3 to 4 hr. 

During distillation a small quantity 
of steam was bled from the boiling flask 
to insure against the pocketing of non- 
condensible gas. 

The condensate consistently gave a 
pH value of 6.95. Tests for tin, phos- 
phoric acid, and dissolved oxygen were 
made and found to be negative. 

The hydrogen used to insure the 
absence of oxygen and carbon dioxide 
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was prepared by purifying tank hydro- 
gen by means of the train shown in 
Fig.2. The gas passed first through two 
towers, 18 in. in height, the first of 
which was three-fourths filled with a 
pyrogallol solution prepared according 
to Wolf and Krause (19), while the 
second was about one-fourth full of 
syrupy potassium hydroxide. Jena 
sintered glass gas distributors No. 33cG4 
were used to distribute the gas entering 
these towers. The hydrogen then 
passed through a Jena glass chamber 
containing 10 in. of No. 22 platinum 
wire which was heated to about 1000 C. 
The last chamber contained a layer of 
ascarite on top of which was a layer of 
calcium chloride separated from the 
ascarite by a thin wad of glass wool. 
The top of the tube was firmly padded 
with absorbent cotton to prevent pow- 
dery calcium chloride from being carried 
over by the gas. 

At the start of an experiment, the 
units were loaded with as many rods as 
they could hold, thereby making the 
iron-water ratio as high as possible. In 
order to save space, and for convenience 
in manipulation, the cans were stacked 
one upon another as shown in Fig. 2. 
Leaks were prevented by sealing the 
junctions between adjacent cans with 
a mixture of paraffin and beeswax. 
This was also used to seal the cover on 
the topmost unit. 

Pyrex or quartz flasks were attached 
to the system as shown in the figure. 

The air in the vessels was then dis- 
placed by hydrogen. This was done by 
opening the sampling outlets of the cans 
and passing a rapid stream of hydrogen 
for several hours. The vitreous units 
attached to the apparatus were freed of 
air and filled with gas-free distilled 
water before attaching them to the 
system. 

Water was then added through the 
sampling nipples until it overflowed 
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through the hydrogen inlet connections. 
During this time a lively rate of flow 
of hydrogen was maintained. The water 
which overflowed was drained out 
through the cock at the bottom of 
the hydrogen manifold. 

The pressure in the system was kept 
at about 2 in. of water by adjusting the 
height of the bell in the pressure regu. 
lator. Except when checking the pres- 
sure, the valve to the manometer was 
kept closed. 

No temperature control was used, but, 
fortuitously, the room temperature was 
close to 25 C. during the experimental 
period. 

All the units were vigorously agitated 
at frequent intervals. 

At the end of selected periods of time 
the contents of the vessels were with- 
drawn and analyzed. 7 


pH Determination: 


The sampling flask shown in Fig. 2 
was used for transferring the liquid 
from a reaction vessel to the electrode 
assembly. It consisted of a Pyrex 
vessel fitted with two 3-way cocks and 
an external tube of about 15-ml. ca 
pacity. The upper tube was attached 
to a hydrogen supply and by the proper 
adjustment of the cocks the flask could 
be either completely freed of air, or, 
during sampling through the lower tube, 
a hydrogen atmosphere could be main- 
tained over the liquid. 

Before use, this vessel was aged for 4 
few weeks with conductivity water, and 
it was kept filled with such water during 
the period between pH determinations. 
Several experiments were made in order 
to determine whether, during the short 
time the samples were in contact with 
the vessel, the pH value of the sample 
was altered. No change was found. 

The first step in the determination of 
the pH value was to run a colorimetric 
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determination on a small sample col- 
lected in the vertical side tube of the 
flask. The three-way cock was then 
manipulated to allow a 350-ml. sample 
to flow into the body of the flask, whence 
it was allowed to flow to the electrode 
at the rate of about 30 ml. per min. 
An atmosphere of hydrogen was main- 
tained in contact with the liquid at all 
times. 
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repeatedly checked against buffers be- 
tween pH 4 and 9. 

The method used to determine the 
e.m.f. of the glass electrode was that in 
which the glass electrode potential is 
opposed by an externally connected 
potentiometer, and the unbalanced 
voltage applied to the control grid of a 
General Electric Pliotron F.P. 54 tube. 
The circuit is designed so that the plate 


Fic. 3. 


A Beckman No. 190 F R glass elec- 
trode assembly, for use on free flowing 
aqueous solutions up to a pH of 9.5, 
was employed. The internal referent 
was quinhydrone-saturated, 0.1 molar 
hydrochloric acid. The calomel half-cell 
was of the saturated type. The liquid 
junction was made in a capillary con- 
nection to the flow chamber, thereby 
avoiding diffusion of potassium chloride 
Into the sample. The electrode was 


30 60 
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filament resistance forms one arm of a 
Wheatstone bridge. The plate load 
resistance is approximately the same as 
the plate resistance of the tube and, 
consequently, the circuit sensitivity is 
a maximum (21). 

A Leeds & Northrup No. 2420A 
galvanometer was used to indicate a 
balanced bridge circuit. The over-all 
sensitivity of the apparatus was 0.03 
pH units. 
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Iron Determination: 
Iron was determined colorimetrically 
on a 50-ml. sample collected out of 
contact with air through a filtering 
device consisting of a 20-cm. length of 
4-mm. Pyrex tubing, part of which was 
plugged with purified cotton, followed 
by a Jena No. 15aG4 sintered glass 
filter tube. This filtering precaution 
was necessary in order to avoid the intro- 
duction of minute particles of corrosion 
product into the sample and to insure 
‘that the subsequent determination rep- 
resented the iron which was in solution. 
A modification of the method of 
Saye and Cunningham was used (22). 
In this method an acidified sample is 
treated with hydroxylamine —hydro- 
chloride and ortho-phenanthroline, then 
~ titrated with ammonium hydroxide using 
‘congo red paper as an indicator. The 
resulting color is matched against that 


of iron standards prepared in the same 


_ way. It is specific for ferrous ion, the 
_ presence of hydroxylamine insuring that 
all of the iron is in that form. By 
omitting this reagent a determination 


of ferrous iron can be made, and the 


_ ferric iron can then be determined from 
the difference between this result and 
that of the total iron determined on 
another sample. 
Many of the results were checked by 
the thiocyanate method described by 


_ Rakestraw, Mahncke, and Beach (23). 


_ In this method the color of the hexathio- 
cyanato-ferriate complex is stabilized 
ethylene glycol monobuty] ether. 


Results: 


Tron Rods in Iron Vessels.—Figure 3 
shows the pH values attained. Each 
point represents a different experiment, 
that is, the result obtained when one of 
_ the several units was examined at the 
end of a desired time period. None of 
the results is a successive determination 
on the same unit. The pH value of the 
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water from the container opened afte, 
20 days is about 8.2, while that opene 
after 120 days is 8.2, indicating that the 
final pH value is approximately 8.2 under 
the conditions of this experiment and js 
reached soon after the start of an exper- 
ment. The curve has been drawn ty 
favor the higher pH values because it js 
thought that they are more typical thay 
the lower ones and that the latter rep. 
resent the influence of some unknown 
variable which resulted in a compan- 
tively small effect upon the final value. 

It might be argued that the higher 
values are themselves too low and that 
if the vessels had been allowed to stand 
the pH values would have risen. It 
does not seem likely, however, when one 
considers that, out of all the experiments 
performed, no value greater than pH 
8.35 was found. It is concluded, there- 
fore, that a pH value of the order of 
9.4 or 9.6 would not be obtained under 
the conditions of these experiments. 

The solutions contained 0.3 + 0 
p-p.m. of iron, which, by the ortho 
phenanthroline method was established 
as being in the ferrous form. As the 
dissolved iron did not follow the pil 
value proportionately, there is some 
likelihood that some of it was in the 
colloidal condition. 

When samples of the liquid from some 
of the vessels were saturated with 
oxygen the pH fell to 6.6 + 0.1 and the 
liquid became slightly turbid. This 
indicated the absence of contributing 
factors other than ferrous iron to the 
increase in pH value. 

The walls of the iron units appeared 
metal-clean immediately after opening 
them. A thin black skin was found on 
the metal above the water line. The 
rods were coated with an almost imper 
ceptible black stain except for the ends 
where a slightly heavier deposit was 
found. 

A black powder of high magnetic 
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susceptibility lay on the bottom of every 
ynit. The particles comprising this 
powder were unresolvable at 900 di- 
ameters. The X-ray pattern, shown in 
Fig. 4, is that of Fe,0,;. The amount of 
this loose powder increased with the 
length of time a unit was in service. 

Iron Rods in Quartz Vessels.—The pH 
value appeared to approach 8.2 as a 
limit with an average deviation of about 
0.15 pH units. The dissolved iron con- 
centration was less than 0.05 p.p.m. 

The evolution of hydrogen from the 
rods was noticeable 24 hr. after the 
start of an experiment. Perceptible 
darkening of the rods was observed in 
48 hr., and in this case also, the ends 
appeared to be coated more heavily than 


vessel in the same length of time. 
Certain observed facts in connection 
with these experiments, however, must 
be noted: 

1. When oxygen was passed through 
the liquid at the end of an experiment, 
the pH value dropped but about 0.2 
pH units, instead of to below 7.0 as 
was the case with the water from the 
iron containers. This suggests that the 
hydroxide ion concentration was gov- 
erned by something other than ferrous 
iron. 

2. A small quantity of extremely 
thin, flaky material of a brownish trans- 
parency was found in the bottom of the 
flask. A microchemical test indicated 
that it contained iron and silicon. 


Corrosion product. 


the rest. A black oxide, identical in 
appearance with that found in the iron 
units, was found on the bottom of the 
flask. 

Iron Rods in Pyrex Vessels.—The pH 
value of the water in the Pyrex flasks 
rose to 9.0 with no indication that this 
was the maximum. (A few experiments 
conducted with a softer glass resulted 
in a pH value of 9.5 in about 25 days.) 
The dissolved iron concentration was 
usually less than 0.05 p.p.m. In a few 
cases it was between 0.05 and 0.1 p.p.m. 
Hydrogen evolution and the character- 
istics of the oxide product were about 
the same as observed in the quartz 
vessels with, however, some indication 
that more oxide was produced in a quartz 


Standard magnetite. 
_ Fic. 4.--X-ray Diffraction Pattern of Corrosion Product. 


3. When air-free distilled water, but 
with no iron rods, was stored in Pyrex 
flasks for several weeks, the pH value 
did not increase above 7.3, indicating 
that a simple extraction of the glass did 
not occur. 

The only conclusion possible, there- 
fore, is that, in these experiments at 
least, a chain of reactions is started by 
the minute solubility of the glass con- 
stituents with the result that end 
products different from those of the 
fundamental corrosion reaction are 
found. This observation suggests that 
the conclusions drawn from previous 
studies of this reaction, in which glass 


vessels were used, may have to be 
modified. 
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Discussion and Conclusions: 


The reaction which occurs when iron 
is in contact with distilled water free of 


oxygen and carbon dioxide may be con- 


sidered as the fundamental reaction of 


the corrosion of iron. These studies 


have indicated that the solid end product 


of this reaction is the magnetic oxide 
_ FejOy. The final pH value, when no 


glass is in contact with the liquid, is of 


the order of 8.2. The presence of glass 


apparently alters the fundamental re- 
action, and if one agrees with Morey 
(24) that glass and water constitute a 


liquid-liquid system with probable mis- 
-cibility in all proportions, then it 


seems possible that some reaction takes 
place between dissolved iron and glass, 
although the amount of dissolved glass 


-may be extremely small. 


The equations quoted from Schikorr’s 
work in 1929 may be said to illustrate 
the process by which Fe,O, is produced, 


but it is desirable to offer a more 
dynamic explanation in view of the 


well-established fact that water is de- 


_ composed by ferrous hydroxide. 


Baudisch and Welo (13) believe it is 
necessary to have oxygen present in 
order for this reaction to occur. How- 
ever, Schikorr has reported (16) that it 
can take place in air-free water and at a 
rate inversely proportional to the pH. 

One may then conceive of an oxidation 
process in which the initially formed 
ferrous hydroxide decomposes the water 
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to form magnetite as the final qj 
product. The production of the ferroys 
hydroxide is approached from a neutral 
solution which, according to Schikorr's 
results, should enhance the decompo. 
tion phenomenon. 

The presence of dissolved iron may be 
looked upon as an intermediate stage 
of a chain of coexistent reactions, 


Fe — Fett — FeO-H,O — Fe, 


Lack of information about the stat; 
of the dissolved iron (that is, colloid 
or poorly ionized) the disagreement ir 
the literature as to the solubility product 
of ferrous hydroxide, and the inabilit 
to determine which of the above rea. 
tions is the controlling one, have mad 
the authors purposely avoid attempting 
to correlate the dissolved iron and pH 
values obtained. = 
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Mr. U. R. Evans! (presented in 
written form).—The paper by Messrs. 
Corey and Finnegan has greatly clarified 
our knowledge of the reaction of iron 
with water. The fact that the authors 
have worked mainly in iron vessels, and 
the important differences between the 
results obtained in these experiments 
and those in which the water was 
brought into contact with glass, gives a 
special importance to the research. 
“This feature of the matter is of special 
interest to me, since in the Cambridge 
laboratory we have used—for quite 
_ different purposes—procedures in which 
water is brought into contact with 
metal, in some cases without any con- 
_ tact with glass, and in others with only 
a brief contact during the setting up of 
the experiment. I have, for instance, 
condensed water in drops from super- 
- saturated air directly on the metal,? and 
my colleague, Mr. Mears,’ has ruled 
iron sheets with waxed lines, so that 
- water would stand on the surface in 
square drops—a method which we have 
found useful for statistical studies. 
Neither of these procedures would have 
been entirely suitable for the research 
under discussion, and the use of iron 
bottles was probably the best way out 
_ of the difficulty, although it has probably 


1 Assistant Director of Research (Metallurgy), Cam- 
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The Influence of Acids in Passivity and Corrosion,’’ 
_ Journal, Chemical Soc. (British), p. 478 (especially p. 
486) (1930). 
7U. R. Evans and R. B. Mears, ‘‘The Velocity of 
Corrosion from the Electrochemical wee Part 
III,”’ Proceedings, Royal Soc. (London), A, Vol. 146, p. 
153 Mea p. 164) (1934). 
. Mears and U. R. Evans, “The ‘Probability’ of 
_ Corrosion,” Transactions, Faraday Soc., Vol. 31, p. 527 
; (especially p. 530) (1935). 


DISCUSSION 


involved the employment of iron under 
stress and it is doubtful whether it could 
be adapted to the study of pure iron: 
moreover the adoption of detinned tin 
plate as a material involves questions 
as to whether traces of tin salts—which 
possess inhibitive properties—may not 
remain on the metal, even after the 
wash-water ceases to contain tin. None 
of these factors appears to invalidate 
the authors’ conclusions, but they should 
receive careful consideration from any- 
one who proposes to employ the iron 
bottle technique for other purposes. 

Some years ago, two quite independent 
explanations were available to explain 
the slow attack of water on iron in the 
absence of oxygen, acids, or salts. 
According to the first, the liquid next 
the metal became supersaturated with 
ferrous hydroxide, which separated out 
as a protective film, isolating the metal 
from the water. According to the 
second, the reaction led to an increase in 
the Fe** ion concentration and a de- 
crease in the H+ ion concentration, until 
the equilibrium 


Fe + 2H* Fe** + H; 


was set up, and the reaction ceased, even 
though no solid film was present on the 
metal. The distinction was funda- 
mental, and not without practical im- 
portance, since if the first mechanism 
were operative, then stirring of a certain 
character might cause the first nucle! 
of ferrous hydroxide to be formed at 4 
distance from the metal, so that the 
stifling would not take place, whereas 
according to the second mechanism, 
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equilibrium must ultimately be arrived 
at, in a vessel of finite size, however 
violent the stirring. 

The situation has become radically 
altered since Schikorr showed that 
ferrous hydroxide could itself decompose 
water, yielding magnetite and hydrogen. 
But it still remains important to ascer- 
tain whether a solid film of ferrous 
hydroxide is transformed into a mag- 
netite film, which presumably would 
then retain at least some protective 
action, or whether dissolved ferrous 
hydroxide yields magnetite (which would 
then presumably be loose, nonadherent 
and nonprotective). Under the condi- 
tions prevailing in the research under 
discussion, the magnetite was found on 
the bottom of the bottles as a loose 
black powder, the walls themselves 
being clean, except above the water line. 
This seems to support the second 
mechanism, suggesting that no solid 
ferrous hydroxide was formed, and that 
the solid magnetite arose from dissolved 
ferrous hydroxide. 

It is clear that, if magnetite is formed 
as a loose product, the attack on the iron 
can continue indefinitely, since the 
transformation of ferrous hydroxide to 
magnetite will prevent the equilibrium 


Fe + 2H*S Fet+ + He 


being reached. But the attack on the 
iron is evidently exceedingly slow, unless 
oxygen is present, which will convert fer- 
rous hydroxide to hydrated ferric oxide 
(rust), thus upsetting the equilibrium 
and permitting the attack to continue. 
Even here there is a limit to the rate of 
attack. If only a small amount of 
oxygen is present in the gas atmosphere, 
and the liquid is stagnant, ferrous hy- 
droxide must diffuse to the point where 
oxygen is present in excess and, since the 
equilibrium concentration of ferrous 
hydroxide is small, the diffusion will 
necessarily be slow, and consequently 
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the rate of attack must be slow also. 
By increasing the oxygen concentration 
in the gas phase, or by stirring the liquid, 
the rate of transformation of ferrous 
hydroxide to hydrated ferric oxide is 
clearly increased, but there is an in- 
creased probability of producing the 
hydrated ferric oxide as an adherent, 
protective film, which will stifle further 
attack, (in the most favorable circum- 
stances, before it reaches visible thick- 
ness). In the statistical work of Mears 
and myself, mentioned above, it was 
found that, when drops of distilled 
water were placed on iron in oxygen- 
nitrogen mixtures of different composi- 
tion, the proportion of drops causing 
rust steadily diminished as the oxygen- 
concentration increased, although the 
velocity of attack increased in those 
drops where there was any attack at all. 

In practice, rapid rusting requires the 
presence of acid or salts. The rapid 
rusting produced by rain or condensed 
water in industrial atmospheres full of 
sulfur oxides (derived from coal smoke) 
is probably due to the fact that ferrous 
sulfate can be formed in quantities not 
limited by any equilibrium, and is then 
converted by oxidation to a mixture of 
ferric sulfate and hydrated ferric oxide, 
which is thrown down (at least partly) 
out of physical contact with the metal, 
so that the layer of rust, although ad- 
hering at places, does not form a com- 
plete protective film. The rusting 
caused by salt water is an electrochemi- 
cal phenomenon which leads to ferrous 
chloride and sodium hydroxide at the 
anodic and cathodic spots, respectively, 
and these will interact, with a further 
quantity of oxygen, to give hydrated 
ferric oxide (rust), which here again is 
formed at a perceptible distance from 
the seat of anodic corrosion and thus 
does not stifle attack. In such cases, 
the electric currents flowing over corrod- 
ing metal have actually been detected, 


‘ 
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and, in cases where they can be meas- 
ured, they are sufficiently strong to 
account for the whole, or at least the 
greater part, of the attack. The special 
danger of electrochemical corrosion is 
that, by spatially removing the anodic 
and cathodic products, it produces the 
secondary corrosion product (that is, 
rust) at a place where it will not stifle 
attack. 

Mr. R. B. Mears? (presented in 
written form).—The authors have done 
an important service in demonstrating 
that the solid end product in the cor- 
rosion of iron in distilled water free of 
oxygen and carbon dioxide is Fe;O,. 
Their use of iron vessels to hold the 
corrosion specimens in one set of experi- 
ments in order to avoid any special 
effect which might be caused by the 
nature of a vessel of some other material 
was particularly ingenious. However, 
‘since they have now apparently demon- 
‘strated that quartz vessels cause no 
‘specific effect of their own, but yield 
results similar to those obtained with 
iron vessels, it would appear desirable 
to extend the work to include a study of 
the corrosion of very pure iron. The 
authors have taken pains to purify the 
‘gases and liquids employed in their 
studies. If, in addition, pure iron were 


also used, results of great theoretical 
importance 


would be obtained. It 
_ would also be of interest if the authors 


The authors state that: “The walls 
of the iron units appeared metal-clean 
immediately after opening them.” 
Since it is also stated that the rods were 


4U. R. Evans and T. P. Hoar, ‘‘The Velocity of Cor- 

_ rosion from the Electrochemical Standpoint: Part II,” 

Proceedings, Royal Soc. (London), A, Vol. 137, p. 343 

(especially p. 364) (1932). 

- R.S. Thornhill and U. R. Evans, ‘‘The Electrochemis- 

try of the Rusting Process Along a Scratch-Line,’”’ Journal, 

_ Chemical Soc. (British), p. 614 (1938). 

: 5 Metallurgical Division, Aluminum Research Labora- 
tories, Aluminum Company of America, New Kensing- 

ton, Pa. 


coated with a faint black stain, how do 
the authors account for the fact that the 
iron vessels were not so coated? 

Mr. Cari W. BorRGMANN' (presented in 
written form).—The results reported by 
Corey and Finnegan are of considerable 
theoretical importance and the authors 
are to be congratulated on their contri- 
bution. The only purpose of the present 
discussion is an attempt to forestall 
those who may point to this paper asa 
reason to cast all previous corrosion 
work to the winds—as being conducted 
under questionable experimental condi- 
tions whenever glass containing vessels 
were used. I doubt that the authors 
will be among this group. 

There is one very important and 
fundamental difference between these 
tests and the usual laboratory corrosion 
tests in neutral solutions, namely, that 
the corrosion mechanism in one case is 
that of hydrogen evolution, whereas in 
the other, oxygen depolarization ac- 
counts for the major proportion oj 
corrosion. It would, consequently, be 
of considerable interest to determine 
whether glass vessels have an influence 
on both the amount and character of 
corrosion in neutral solutions and under 
conditions of the presence of oxygen. 
One can suggest that there is one particu- 
lar field where an appreciable influence 
may be found. If the experimental 
system of metal and environment is such 
that small differences in either wil 
determine whether or not breakdown 
will occur, we can expect that the pres 
ence of a glass vessel may cause majot 
changes in the attack. Such a system 
could be exemplified by a sodium chlo- 
ride - sodium chromate solution and steel 
At critical concentrations, exceedingly 
trivial factors can play major roles it 
determining whether the metal shall be 
unattacked or be pitted. Under such 


* Head of Department of Chemical Engineering, Us 
versity of Colorado, Boulder, Colo. 
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conditions, and other comparable ones, 
the presence of glass may be of impor- 
tance. However, the writer feels that 
such a factor will prove to be of little 
importance under the vast majority of 
experimental conditions. 

Mr. J. C. WARNER’ (presented in 
written form).—We wish to point out 
that the results obtained experimentally 
by the authors are in agreement with 
the latest thermodynamic data.* Ac- 
cording to these data, as will be shown 
below, the reaction (1) between iron 
and pure oxygen-free water leading to 
the formation of the ferroferric oxide 
(magnetite) and hydrogen seems defi- 
nitely to be more spontaneous than the 
reaction (2) leading to the formation of 
ferrous hydroxide and hydrogen. The 
data on ferric compounds are not very 
certain and it is difficult to decide 
whether the reaction (3) between iron 
and oxygen-free water leading to the 
production of hydrogen and a solid 
phase in which all of the iron is in the 
ferric state is slightly spontaneous or 
slightly nonspontaneous. At any rate, 
it seems certain that the latter reaction 
is less spontaneous than either of the 
first two and that the most spontaneous 
reaction between iron and oxygen-free 
pure water is the one in which ferro- 


ferric oxide and hydrogen are the 
products. 
3Fe(s) + 4H,O(1) = Fe;0,(s) 
+ 4H2(g)...........(1) 
At 25 C., AF° = — 15,060 cal.; 


Equilibrium pressure of hydrogen gas 
= 575 atmospheres 


’ Professor of Chemi , C2 ie i Tech- 
Pittsburgh, Carnegie Institute of Tech 
¢ calculations upon which this discussion is based 
make use of data taken from: 
Bichowsky and F. D. Rossini, “Thermochemistry 
*_uemical Substances,” Reinhold Publishing Corp., 
New York City (1936). 

M. Latimer, ‘“Oxidati ials,”’ ice- 
Hall, New York City (1938). 
sane Kelly, “A Revision of the Entropies of Inorganic 

| rte Bulletin 394, U. S. Bureau of Mines (1936). 
ipman and D. W. Murphy, Industrial and Engi- 
ing Chemistry, Vol. 25, p. 319 (1933). 
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Fe(s) + 2H.O(1) = Fe(OH)2(s) 
+ Hi(g)............(2) 
At 25 C., AF° = —2280 cal.; 
Equilibrium pressure of hydrogen gas 
= 46 atmospheres 


2Fe(s) + (3 — 6)H.O — Fe,0;- 
(O — 3H2O) + 3H2........(3) 

At 25 C., AF° may vary from — 6000 
to +7500 cal., depending upon the 
data selected and the extent of hydra- 
tion of the solid product; equilibrium 
pressure of hydrogen gas would lie in 
the range 29.0 to 0.015 atmospheres. 
Solid ferrous hydroxide should spon- 
taneously yield ferroferric oxide, water 
and hydrogen: 


3Fe(OH)2(s) Fe;0,(s) + 2H,O(1) 


Thus, in a solution saturated with fer- 
rous hydroxide, one would expect libera- 
tion of hydrogen and the accompanying 
formation of magnetic oxide. The re- 
mark in the paper attributed to Gold- 
berg that “ferrous hydroxide dissociates 
water to produce hydrogen and oxygen” 
is gbviously in error—only hydrogen 
would be produced. 

Since the conversion of ferrous hy- 
droxide into ferroferric oxide is spon- 
taneous, one could expect to obtain 
saturated solutions of ferrous hydroxide 
in the experiments performed by the 
authors only if Eq. 4 above is slow com- 
pared to Eq. 2. It seems likely that this 
is not the case because the solid phase 
saturating their solutions appears to be 
almost entirely the magnetic oxide. If 
their solutions were less than saturated 
with respect to ferrous hydroxide, one 
would expect a lower pH than that cal- 
culated from the solubility product of 
Fe(OH). (solubility product = 1.65 
x 10°", pH= 9.17). The authors’ 
value of pH = 8.2 should be that of a 
solution saturated with Fe;Q,. Inas- 
much as they obtained practically 


{ 
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identical results in quartz as in iron 
vessels, it would be interesting to deter- 
mine the pH of oxygen-free water (in 
quartz) saturated with Fe,;0, without 
iron being present. 

Calculations similar to those used as 
a basis for this discussion are well illus- 
trated by many examples in the paper 
by D.S. McKinney on “The Calculation 
of Equilibria in Dilute Water Solution.’”® 

Mr. F. N. experi- 
mental data given in this paper confirm 
the formation of Fe;0,4 as a solid end 
_ product of corrosion of iron in water. 
This black oxide has been found in 
closed hot water systems and steam 
boilers where the dissolved oxygen was 
very low. The determination of the fi- 
nal pH (8.2) of the water not in contact 
with glass, and the discussion of these 
reactions, are important contributions 
to fundamental knowledge of corrosion 
mechanism. ‘The final pH of water in 
contact with iron will probably vary to 
a certain extent with the temperature 
and other variables. It is interesting 
to note that about six times as much 
iron in solution was found in quartz 
vessels as in iron vessels, both solutions 
being at the same pH (8.2). The 
greater number of electrolytic contact 
cells in the iron vessel may be a factor. 
The authors have paved the way for 
further research work necessary to a 
better understanding of the details of 
these reactions. 

Mr. H. H. Untic.''—I agree with Mr. 
Speller that more work is necessary on 
_ this equation so fundamental in the study 
of corrosion. I believe that Messrs. 
Corey and Finnegan have pointed 
out something of considerable interest. 
More work is necessary, however, before 
one could in any general sense state 
that Fe,0, is the corrosion product of 


® See p. 1191. 

10 Advisory Engineer, National Tube Co., Pitts- 
burgh, Pa. 

1 Research Associate, Massachusetts Institute of 
Technology, Cambridge, Mass. 
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iron reacting with water. For example 
if iron powder is added to deaerated 
distilled water and this is allowed ty 
stand for some hours, the resulting 
alkaline solution tests positive for ferroys 
ions, but not for ferric ions. 

The effect of the container on th 
nature of the corrosion product finds g 
suggestion of explanation in the work oj 
Kohlschiitter.” He found that silye 
oxide reduced by hydrogen in aqueous 
media assumed different sized particle 
and colored colloidal sols depending on 
the container he used. If quartz were 
used, the color of the colloidal silver was 
yellow-brown, but if Jena glass were 
used, the sol was colored red to blue 
Ferrous hydroxide being colloidal, might 
it not be possible that analogously the 
particle size of the corrosion product o/ 
iron varies with the nature of the con- 
tainer? ‘The smaller the particle size of 
ferrous hydroxide, the greater would be 
its solubility in water, and hence the 
lower would be the resulting hydrogen 
ion concentration. 

Messrs. Ricuarp C. Corey" 
THoMAS J. FINNEGAN" (authors’ closur 
by letter).—Mr. J. C. Warner has sub- 
mitted thermodynamic evidence which 
corroborates the experimental results 
The authors believe, however, that the 
complex and not entirely understood 
nature of ferrous hydroxide (ferrous o¥- 
ide hydrate) makes it questionable 
draw definite conclusions with respect 
to the behavior of the system which has 
been studied, on the basis of available 
thermodynamic data. 

The free energy relations compiled by 
Mr. Warner indicate that.solid ferrous 
hydroxide will most probably decon- 
pose into magnetite and hydrogen. It 
is pertinent, however, to consider the 


12,V. Kohlschiitter, “Uber Reduction von Silberoxy¢ 
Durch Wasserstoff und Kolloides Silber,” Zeitschrift /# 
Elektrochemie, Vol. 14, p. 49 (1908). 

13 Chemist, Department of Technical Development a4 
Research, Consolidated Edison Company of New 0 
Inc., Brooklyn, N. Y¥ 
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rate at which this reaction occurs, a 
factor that is not evaluated by thermo- 
dynamics. 

For example, it is possible to preserve 
a saturated solution of ferrous hydroxide, 
out of contact with oxygen and iron 
for years without undergoing appre- 
ciable decomposition. Herein lies an 
argument to support the contention that 
pure water in contact with iron will ac- 
quire a pH of 9.0 or greater when equi- 
librium has been established between 
dissolved and solid ferrous hydroxide. 
Concomitantly, the thermodynamic con- 
dusion that decomposition into mag- 
netite and hydrogen occurs is supported, 
for if given sufficient time the reaction 
will be complete. 

It appears therefore that the reaction 
mechanism should be considered with 
particular reference to the role of the 
hydrogen ion concentration and_ the 
chemical nature of ferrous hydroxide. 
Reference already has been made in the 
paper to the relation of pH to the reac- 
tion rate. Unfortunately there is a 
dearth of information in the literature 
dealing with the properties of pure fer- 
rous hydroxide based upon experiments 
with the pure compound; thus its solu- 
bility product, isoelectric point, and 
solubility in pure water have by no 
means been established definitely. 
With these questions in mind the authors 
are prone to regard data obtained by 
indirect methods with considerable re- 
serve. 

It has been reported in the literature 
that the water molecule in the FeO- H.O 
lattice is quite active.'* Thus, freshly 
prepared ferrous hydroxide readily re- 
duces alkali nitrates to nitrites and, if 
oxidized with molecular oxygen, it yields 
a-Fe,O;. Aged ferrous hydroxide, how- 
ever, will not reduce nitrates and yields 


4G. F. Hiittig and H. Méldner Zeitschrift fiir anor 
gand H. gan- 
tsche und allgemeine Chemie, Vol. 196, p. 129 (1931). 
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a-FesO3;-H20 when oxidized.“ These 
phenomena appear to indicate that the 
water molecule undergoes a_ lattice 
transformation in time with a change in 
free energy of the compound that has 
not been generally recognized. 

Further, the relation of pH to the rate 
of decomposition of ferrous hydroxide 
indicates that hydroxy] ion stabilizes the 
ferrous hydroxide lattice. 

These points have been discussed, not 
as an indictment of thermodynamic 
treatment, but to emphasize the need 
for considerably more information on the 
chemical and physicochemical properties 
of pure ferrous hydroxide, especially in 
relation to the iron-pure water system. 

On the basis of thermodynamic argu- 
ment, Mr. Warner believes that it is 
not possible for oxygen to be produced 
by the decomposition of ferrous hydrox- 
ide. It may be of interest to note that 
recently published work by Churchill'® 
shows that hydrogen peroxide is pro- 
duced during the corrosion of aluminum, 
magnesium, zinc, and tin. No peroxide 
has been detected during the corrosion 
of iron, but it is possible that a peroxide 
may be formed, but it is of so ephemeral 
a nature as to elude the analytical tech- 
nique used. 

Certainly this is not substantial evi- 
dence that iron corroding in the absence 
of oxygen will produce oxygen spontane- 
ously as the result of the decomposition 
of a peroxide, but again, considering the 
complex nature of iron oxides and hy- 
drates, it is not likely that the fundamen- 
tal corrosion mechanism is amenable to 
a simple explanation. 

The possible effect of residual tin 
salts in the iron corrosion units, men- 
tioned by Mr. Evans, was thoroughly 
investigated as follows: Tin determina- 

150. Baudisch and L. Welo, ‘‘Magnetic and X-ray 
Studies on the Ageing of Ferrous Oxide Hydrate,’”’ Natur- 
wissenschaften, Vol. 21, p. 659 (1933). 


¢J. R. Churchill, ‘The Formation of Hydrogen 
Peroxide ne Corrosion Reactions,”’ Preprint No. 76-7, 


Electrochemical Soc. (1939). 
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tions were made on the solution from 
several of the units at the conclusion of 
the experiment. In no case was tin 
found. Several of the experimental runs 
were conducted in a low-carbon steel ex- 
truded cylinder cut from a compressed 
gas bottle. Prior to use the inside was 
machined free of surface defects and 
finally cleaned with pure solvents. The 
pH and dissolved iron results agreed 
perfectly with those obtained by the 
other technique. These studies were 
considered to be sufficiently conclusive 
that there were no interfering factors 
introduced by the use of detinned 
vessels. 

In reply to Mr. Mear’s query with 
respect to the appearance of the walls 
of the vessels at the conclusion of the 
experiment, it was found that the appar- 
ent difference was one of degree rather 
than kind. When the walls of the ves- 


sels were quickly wiped with a white 
cloth immediately after opening, a black 


smudge indicated that an oxide was 
present but to a much smaller extent 
than on the rods. This difference in 
amount of oxide is possibly due to the 
rods being more anodic than the vessels 
with which they were in contact as the 
result of the greater microstructural 
heterogeneity of the former. Conse- 
quently the “plating out” of hydrogen 
on the cathodic walls caused the Fe;O,4 
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produced in situ by local action { 
less adherent due to the scrubbing 
of the hydrogen. 

The authors have investigated 
result of adding five different grades 
commercially available iron powder 
pure water. All, excepting Kahlbaun 
research grade, caused the water to | 
come alkaline to phenolphthalein wit 
a few minutes. The Kahlbaum poy 
did not cause any change in pH in 24 hy 
The difference in behavior was traced | 
the presence of alkaline impurities 
the powders. The authors submit th 
results to Mr. Uhlig as an explanati 
for the observations which he made wit 
iron powder. 

The work of Kohlschiitter mentione 
by Mr. Uhlig is of considerable interes 
Its application to this work, however 
would require two presumptions: first, 
that ferrous hydroxide is colloidal unde 
the experimental conditions, and second 
that ferrous hydroxide is present at an) 
time as a solid phase. It would seemt 
the authors that there is a greater prob- 
ability that in the case of the iron con- 
tainers the magnetite was peptized to: 
small extent thereby causing a greater 
“apparent” dissolved iron concentta- 
tion. A reduction in the hydrogen im 
concentration would not result from this 
mechanism. 
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TENSION SPECIMEN SHAPE AND APPARENT STRENGTH 7 


By F. O. ANDEREGG,! ROYAL WELLER? AND B. FRIED* 


SYNOPSIS 


The true maximum stress in a tension specimen is K X load/area, where 
K is a correction due to the non-uniformity of stress over the failure section. 
When the points of load application are well removed from the failure section, 


K is approximately 1 + 3 where d is the width of the section at the neck, 


and r is the radius of curvature. Fairly long, slender test specimens are thus 
indicated. When it seems desirable to use a figure 8 shaped specimen, as in 
testing cement, very large values of K are found unless the point of load appli- 
cation is made some distance from the center of the specimen. When that 
is done, a more nearly uniform distribution of stress across the section is 


secured. 


The great variation in shape of ten- 
sion test specimens specified by the So- 
ciety for different materials, ranging 
from the slender shape used in metal 
testing to the figure 8 shaped cement 
briquet,® in which only about 60 per cent 
of the true tensile strength is indicated 
by the usual test, points to the desir- 
ability of using recent advances in photo- 
elastic analysis®. 7 to set up generaliza- 
tions for more rational design. This is 
especially timely in connection with the 
work of Subcommittee I on Strength 
Properties of the Society’s Committee 


Specialist on Building Materials, Newark, 


Instructor i i j i j 
Physics, The Ohio State University, 


. *Engineering Experiment Station, The Ohio State 
niversity, Columbus, Ohio. 
. Standard Methods of Tension Testing of Metallic 
aterials (E 8 ~ 36), 1936 Book of A.S.T.M. Standards 
p. 833. 
tandard Methods of Sampling and Testing Portland 
cme ht 32), 1936 Book a A.S.T.M. Standards, 
Standard Methods of Testing Gy ; 
Products (C 26 - 38), 
ticit Max M. Frocht, ‘Recent Advances in Photoelas- 
y,” P.H. Thesis, University of Michigan, published 
i Soc. Mechanical Engrs. (1931). 
ax M. Frocht, ‘The Behavior of a Brittle Material 


A ari Journal of Applied Mechanics, September, 


D-20 on Plastics, and is particularly im- 
portant whenever britile materials are to 
be tested. The points to consider when 
establishing requirements for making 
tension tests include the choice of proper 
shape to give as close an approximation 
as is feasible to the true value, as well as 
ease and cost of fabrication. 

Some experiments have been carried 
out at the Ohio State University En- 
gineering Experiment Station on the 
effect of the shape of the test specimen 
upon the apparent tensile strength. 
The shapes experimented with are shown 
in Fig. 1. 

The measurements were made with 
photoelastic equipment, using mono- 
chromatic, circularly polarized light and 
specimens freshly cut from transparent 
phenol-formaldehyde resin (Bakelite 
BT — 61 - 893), having a sensitivity of 
84.7 psi. per in. of thickness per fringe. 
Photographs of the fringe patterns for 
the central portions of the several shapes 
tested are shown in Fig. 2. The results 
on specimens of various d/r ratios, ob- 
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Fic. 1.—Models and Grips Used in Studying the Effect of Shape upon the Apparent 
Tensile Strength. 
A = load application close to the failure section. 
B,C, D, E, and F = more slender specimens with load well away from failure section. 


G = model of cleavage test for small clear specimens of timber. 


Specimen C, Specimen D, 


= 0.10, K = 1.02. = 0.125, K = 1.03 0.25, K = 1.06. =0,50, K 


Fic. 2.-Slender Specimens, Load Being Applied Away from the Failure Section. 
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tained by comparing the increase in 
fringe order at the edge of the specimen 
with an increase in applied load, are 
given in Fig. 3. Results obtained by 
Frocht? with specimens of larger d/r 
ratios are also included, his load being 
applied by means of a pin passing 
through a hole near the end of the speci- 
men. Very good agreement was secured 
among these results. A smooth curve 
drawn through the points approximates 
the equation K = 1 + d/4r, where K 


0! 02 03 04 


0.5 06 
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the factor of position of application of 
the load was studied with the wide speci- 
men A shown in Fig. 1. The load was 
applied at various points in the notch, — 
the positions ranging from 30 to 90 deg. 
being indicated by the angle @ from the — 
center of the notch. Two of the fringe | 
patterns are shown in Figs. 5 and 6, 
the pattern at 30 deg. being essentially - 
that obtained with the cement briquet. 
The results obtained in this investiga- 
tion are plotted in Fig. 4. The position 


1.8 


— Photoelastic data 
---Curve for K=]+%, 
 Frocht 4 


\| 


Fic. 3.—Relation of K to and < for Grips 


Well Removed from the Failure Section. K = 1 
indicates no stress concentration. 


is the ratio of edge stress to average 
stress across the section, and hence the 
correction factor to be applied to the 
apparent observed strength, while d is 
the minimum width, and r is the radius 
of curvature. Photoelastic measure- 
ments such as the above can be made 
with an accuracy of 3 per cent or better. 

Since a preliminary result obtained by 
one of the authors* with the cement 
briquet shape failed to fall on the curve, 


Royal Weller, “The Cement Briquet,’”’ Engineering 


iment Station ng! 
Vol.9, February, 1987, University, 
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0 
0 10 20 30 40 50 60 70 80 90 
6, deg—> 


Plotting K or 1/(K — 1) Against the 
Angle 6 with Grips Close to the Failure Section. _ 


Fic. 4. 


of application of load had a direct effect 
on the strength obtained, such that, for 
this shape, the reciprocal of the differ- 
ence between the edge stress and the 
average tensile stress for the whole sec- 
tion was directly proportional to the 
angle @. 

It is evident from Fig. 4 that increas- 
ing values of K accompany increasing 
proximity of the load points to the failure 
section. This was anticipated since the 
local disturbances in the immediate vi- 
cinity of the load points tend to produce 
edge tension between these points. Of 
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course as @ decreased the loading forces 
which presumably act normal to the 
edge become larger for a given tensile 
force and increase the effect. However, 
the values of K for 6 greater than about 
60 deg. are less than those shown in 
— 3. This result was not anticipated. 


“1G. 5.—Load Application Close to I 


1 + d/4r gives the calculated value 1): 
that taken from the curves of Fig. 
1.78. The erratic result referred to pre 
viously as having been secured by on 

the authors* was 1.53, while Coker » 
Filon® (p. 578) observed the value 1,7; 
for the actual briquet shape and Duran 


and at an Angle @ of 30 deg 


The fringe pattern is essentially that of the cement briquet. 


Fic. 6.—Load B« 


At first sight as the grips are moved 
farther and farther out, one might expect 
that a cantilever action would cause 
greater edge stress, whereas the reverse 
was demonstrated. 

With the cement briquet, the angle @ 
is 29 deg., and while the formula K = 


; Applied at an 


Failure Section. 


Claye” a value of 1.54. It should & 
pointed out that a portland-cement mor 
tar is not perfectly elastic and for hig! 
loads some flow must take place, reduc 
* E.G. Coker and L.N.G. Filon, Thesis on Phot 
elasticity,’’ Cambridge University Press (1931). 


10 Durand-Claye, Annales des Ponts et Chawsle 
Vol. 9, June, 1895. 


the ap 
offset 
apply 
As | 
ceram! 
point, 
indica 
within 
concet 
points 
expect 
which 
occur 
reduc 
load. 
sidera 
britth 
Th 
make 
venie 
dius « 
If its 
of spr 
as fa’ 
men 
tour 


Om) | 
- 4 
grap 
In 
| 
y tion 
1.02 
toge 
hece 
som 
sed 
A.S.1 


ec LION 


ould be 
nt mor 
or hig 
educint 


on Phot 


Chausstt 


On TENSION SPECIMEN SHAPE AND APPARENT STRENGTH 


the apparent strength still farther. To 
ofiset this tendency it is customary to 
apply the load rather rapidly. 

As loading takes place in cements and 
ceramic materials beyond the yield 
point, the stress-strain curve falls off, 
indicating some points of incipient failure 
within the material because of the stress 
concentration at the apex of such failure 
points. This effect is opposite to that 
expected from more plastic materials, in 
which case a stress redistribution may 
occur in the other direction tending to 
reduce K, thereby increasing the failure 
load. Thus the value of K is of con- 
siderable significance in the testing of 
brittle materials. 

The conclusions from this study are to 
make the specimen as narrow as con- 
veniently practicable and make the ra- 
dius of curvature as large as convenient. 
If it seems desirable to use a briquet type 
of specimen, the grips should be applied 
as far out from the center of the speci- 
men as possible. Sharp breaks in con- 
tour should be everywhere avoided. 


Application to Various A.S.T.M. Tension 
Test Specimens: 


The cement briquet® has already been 
discussed. Specimens of various metals, 
textiles, and rubber generally conform to 
requirements stated in the last para- 
graph above. 

In plastics'' the test specimen of 
molded materials for electrical insula- 
tion is so shaped that in one plane d is 
lin. and the radius of curvature r is 
Jin., giving a K value of 1.08. In the 
other plane of the section having a thick- 
ness d’ of | in. and r’ of 3 in., a K of 
1.02 is obtained and on multiplying these 
together the total correction factor K 
becomes about 1.10. Another shape, 
sometimes used by plastics manufac- 


.'\ Standard Methods of Testing Molded Materials 
iat ies Electrical Insulation (D 48 - 33), 1936 Book of 
--T.M. Standards, Part II, p. 1192. 
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turers for routine testing, is 3 in. long 
and has an end section 1 by in. At the 
narrowest point d is } in. and r is 4 in. 
in one plane and d’ is } in. and 7’ is 3 in. 
in the other plane, from which K for the 
specimen is calculated to be about 1.05. 
Curvature in two planes increases the K 
factor somewhat, but may be desirable 
for reasons of good molding. 

In a method of testing sheet and plate 
materials used in electrical insulation," 
a shape somewhat similar to that used 
in metal testing has been proposed, es- 
pecially for specimens cut from sheets. 
In cutting it out, the specimen is to be — 
narrowed down to a straight section 2} 
in. long and either 4 or 1 in. wide, the 
necking down following a curvature with | 
a radius of 3 in. The anticipated point 
of failure will be close to the narrow end 
of the curved portion,® for which K will 
be 1.02 to 1.04. This slender type of — 
specimen is good, but it is suggested that 
the straight part is superfluous. This 
applies also to brittle metals. In view 
of experience gained in photoelastic work 
it is suggested that in cutting specimens — 
from sheets of plastics, great care be 
taken to use very sharp tools to avoid — 
nicking and heating. In certain ma- 
terials (notably Bakelite) a cut edge may 
lose volatile constituents so that in a few — 
hours edge effects of unknown values are 
set up. These effects are readily ob- 
served with a polariscope which may con-- 
sist simply of a pair of Polaroid plates. 

In testing small clear timber speci- 
mens," the test for tension perpendicular 
to grain is made on very short speci- 
mens, as is also the case in the test for 
cleavage. In the former d is 1 in. and 
ris} in. The grips contact a consider- 

12 Tentative Methods of Testing Sheet and Plate Ma- 
terials Used in Electrical Insulation (D 229 - 38 T), Pro- 
ceedings, Am. Soc. Testing Mats., Vol. 38, Part I, p. 1046 
(1938); also 1938 Book of A.S.T.M. Tentative Standards, p. 
“a Standard Methods of Testing Small Clear Specimens 


of Timber (D 143 ~ 27), 1936 Book of A.S.T.M. Standards, 
Part II, p. 465. 
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able area and according to the degree of 
contact between the wood and the grips, 
K would vary probably between, say, 
1.5 to perhaps as much as 3.0. Coker 
and Filon® (pp. 637-641) observed experi- 
mentally for this shape a K value of 1.88 
with grips of } in. radius, the load being 
applied at an angle @ of 90 deg. The 
significant feature of the cleavage test 
is the ratio of the stress at the base of 
the notch to the force applied. This we 
found with the specimen G of Fig. 1 to 
be about 5.8. That is, a load of P 
pounds per inch of thickness produces a 
stress of 5.8 psi. for a piece of standard 
dimensions. 

Coker and Filon® (pp. 631-636) ob- 


tained a K value of 6.6 for a Xylo 


model of this same shape. On loadin, 


to destruction, our model broke as j; 


cated by the dotted line on G, but faily; 


in timber, of course, would be } 
splitting. 

In testing tension parallel to grij 
very slender specimens are used and t! 


probable point of failure would be whe 
the tapered sections change to one th 
is uniform, because of stress concentn. 
tion at the edges. It is suggested thy 
a specimen could be turned in a lathe: 
a similar minimum diameter, say } ir 
and with a radius of curvature of, sx 
3 in. to good advantage. K is the 
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Mr. Tuomas J. Doan! (presented 
in written form).—The authors have 
presented a good argument for the 
inclusion of large-radius fillets on tension 
test specimens of brittle materials. 
Even on carefully prepared specimens, 
with fillets of large radius, the localized 
stresses present invariably cause speci- 
mens of brittle material to fail pre- 
maturely and the true breaking strength 
of the material cannot be accurately 
calculated from test results. 

These localized stresses are also sig- 
nificant when testing ductile materials 
subjected to repeated loadings. In some 
recent repeated tension fatigue tests 
conducted at the University of Illinois 
on ductile steel specimens having a 
straight portion 5 in. wide and with 9-in. 
radius fillets at the ends where the 
member was widened at the grips, it was 
observed that the specimens failed at 
the fillets in almost every case. A check 
on the stress by the photoelastic method 
showed a stress concentration factor, K, 
for the fillet to be 1.12 (for r/d = 1.8). 
Computing this value by the authors’ 
formula K = 1 + d/4r the factor is 
1.14, which shows close agreement. 
This small concentration factor was 
enough to cause the failure to localize 
at the fillets; even with 9-in. radius 
fillets the true fatigue strength of the 
steel could not be obtained. 

The authors’ statement that the 
photoelastic stress analysis can be made 
with an accuracy “of 3 per cent or bet- 
ter” does not seem justified in view of 
the experimental difficulties pertaining 


‘Assistant Professor of Theoretical and Applie 
d 
Mechanics, University of Illinois, Urbana, Ill. 
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to the method. Small initial stresses 
in the bakelite, and additional induced 
residual stresses that form around the 
edges of a model soon after cutting, are 
likely to lead to some error. For 
example, in the authors’ Fig. 2 speci- 
mens D and £ show an abrupt curvature 
of the fringes at the boundaries of the 
model indicating residual edge stresses. 
The exact determination of the fringe 
order at the edge of the model (where the 
maximum stress occurs) is especially 
hard to determine since the edge is some- 
times partially obscured in the photo- 
graph. 
For models in which the maximum 
stress is not more than 15 per cent 
greater than the average stress on a 
section (as in the results shown in Fig. 3 
of the paper) it is essential that the 
maximum fringe order be determined 
with great accuracy since the probable 
errors introduced in the experimental 
technique are approaching the magni- 
tudes of the true difference between the 
average and maximum stresses. The 
writer believes that with carefully pre- 
pared models and well developed testing 
technique, the photoelastic method 
should be accurate within 5 to 10 per 
cent which, after all, is less than the 
probable variation in strength of test 
specimens of structural materials (to 
which the results of the analysis are to 
be applied). 
Messrs. F. O. ANDEREGG,? ROYAL 
WELLER? AND B. Friep‘ (authors’ closure 


2 Consulting Specialist on Building Materials, Newark, = 

10. 

% Instructor in Physics, The Ohio State University, 

4 Engineering Experiment Station, The Ohio State 
University, Columbus, Ohio. 


t failure 
be by | 
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_ by letter).—It is gratifying to see Mr. 
Dolan’s figure of 1.12 so close to the 
formula. We believe that 3 per cent is 
a fair figure of what to expect from the 
photoelastic method. The fringe dis- 
tortion due to any initial stresses need 
not affect the accuracy of the results if 
the increase in fringe order due to a given 
increase in load is used, because any ini- 
tial conditions, which might appéar to 
_ offer complications, will cancel: out. 
The fringe order at the edge of the model 
can be read quite closely if a light field 


instead of a dark field photograph 


taken. 


Fic. 1.—Tensile Strength of Porcelain Could 
Not be Determined with Specimen A Due to 
Breaking Under the Grips. By necking down 
the center, while maintaining a reasonable radius 
of curvature, adequate results were obtained. 


In testing tensile strength of vitreous 
dinnerware porcelain, W. C. Bell of the 
Ohio State University Engineering Ex- 
periment Station encountered difficulty 
in using the shape prescribed for testing 
electrical porcelain in A.S.T.M. Methods 
D 116 39.5 On gripping, as required, 
the ends of his specimens kept breaking 
off irregularly, as shown in the accom- 
panying Fig. 1. The stress concentra- 
tion was so much greater under the grips 
than in the smallest section that little 


5 Standard Methods of Testing Electrical Porcelain 
(D 116 - 39), 1939 Book of A.S.T.M. Standards, Part III, 


idea could be obtained as to tengj 
strengths. By narrowing down the g- 
tion, but maintaining a radius of cury. 
ture greater than 2 in., breaks were ob. 
tained near the middle and at valye 
within theusual scatter of + 20 per cen; 
obtainable with such brittle materials 
A manufacturer of insulators for min: 
trolleys complained to the compan, 
supplying the laminated paper sto 
that he was getting only half the streng 
they had led him to expect. He y 
placing the rods in a lathe and tuming 
grooves and then spinning copper tubing 
into the grooves for grips. The supplie 


Fic. 2.—Laminated Paper Stock with aV« 
Square Groove Has About Half the Strength « 
the Same Rod with a U Notch, Which, in Tum 
Has Only About Half the True Strength for the 
Section. 


V notch—6000 Ib.; Square notch—6000 Ib.; U notch—i/# 
lb.; 3-in. radius of curvature— 23, 000 Ib. 


then broke three specimens, the one wit! 
a V notch giving the 6000-Ib. strength 
obtained by the insulator fabricator. 4 
square notch with sharp corners gave 
the same result, while a U notch, as ha! 
been previously used, required 13,000 1h. 
to break. For this shape K was calcu 
lated to be 1.85, from data given by 
Frocht,° indicating a true tensile strengt! 
of about 24,000 psi. Based on the re 
sults obtained in the paper above, a nes 
specimen was prepared (the bottom one 
of the accompanying Fig. 2) with a 340 


6 Max M. Frocht, “The Behavior of a Brittle Mater 
at Failure,” Journal of Applied Septem 
1936, p. A99. 
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radius of curvature, for which the K 
factor would be about 1.04. The ob- 
served value of 23,000 lb. should then 
be corrected to 24,000 lb., the value also 
calculated from the U notch. The insu- 
lator fabricator was apparently losing 


> 
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about three-fourths the 


potential 


strength of the stock. 

The empirical formula given in this 
paper cannot be expected to hold for 
narrow notches, but only where r is 
rather large. 
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By R. L. PEEK, Jr.,! AND W. E. INGERSON! 


SYNOPSIS 


An analysis made of the Rockwell hardness test (a) to correlate readings 
made with different loads and ball diameters, and (b) to simplify the relation 
between hardness and tensile strength measurements. 

For any one homogeneous material, dimensional analysis and comparison 


h 
with Meyer’s law indicates that for small values of 


C (W—Wo)\"™ 


where / is the differential depth of indentation made by a ball of diameter D 
acted on by a major load W, the minor load being Wo, S is some constant of 
the material having the dimensions of a stress, and C and m are dimensionless 
constants. 

Experiments are reported in which samples of various materials of several 
tempers were tested with different loads and ball diameters and the tensile 


strength of the specimens subsequently determined. In each case good 


h 
agreement was obtained for the relation set forth above for D <0.1. 


The results indicate the possibility of: 
1. Calibrating the Rockwell tester with a single test block, using various 


loads and ball diameters. 


2. Setting up specification limits for hardness measurements corresponding 


to tensile strength limits. 


The Rockwell hardness test has been 
developed and employed on a purely 
empirical basis. The related Brinell 
test, on the other hand, has been sub- 
jected to extensive investigation along 
the lines first developed by Meyer.” 
These studies have led to the empirical 
law: 


1 Sentiens of Technical Staff, Bell Telephone Labora- 
tories, = City. 
“Hardness Testing and Hardness,’”’ Zeit- 
serif des deutscher Ingenieure, Vol. 52, 
Pp 


which gives the relation between th 
applied load W, the ball diameter ) 
and the diameter d of the indent, 1 
terms of two constants of the materi 
tested, A and n. . 

In O’Neil’s text® is given a review ¢ 
the studies that have been made of the 
application of this relation. These have 
shown that ” is a quantity measuring tht 
strain-hardening properties of the malt 
rial, having a limiting value of 2.0 fo 
materials showing little or no strait 
hardening. A, which has the dimer 


+H. O'Neill, “The Hardness of Metals and Its Mar 
urement,” Chapman & Hall, London (1934). 
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sions of a stress, is related to the stress 
required for plastic deformation. In 
particular, it has been shown‘ that for 
non-ferrous sheet materials, there is a 
linear relation between A and tensile 
strength. 

A relationship of the type of Eq. 1 
has an obvious value in laboratory 
studies in facilitating the interpretation 
of hardness measurement in comparative 
studies of materials. It has a further 
and more immediately practical value 
in correlating measurements made with 
different loads and different ball sizes 
and in facilitating the correlation of 
hardness measurements and such prop- 
erties of the material as tensile strength. 
The work reported here has been directed 
to determining whether a relation similar 
to Eq. 1 applies to the Rockwell test. 


Analysis: 


In the Brinell test the quantity meas- 
ured is the diameter d of the indent 
after removal of the load. If the 
indent were truly spherical and bounded 
by the plane of the original surface, 
there would be a simple geometrical 
relation between d and h, the depth of 
the indent, given by: 


h 


D~ 


If this relation applied strictly, for 
small values of h/D this latter quantity 
would be approximately proportional to 
’/D*, so that from Eq. 1 (for » = 2) 
W/D* would be directly proportional to 
h/D. Actually, the indent is not strictly 
spherical, and in general its bounding 
plane does not coincide with the original 
surface. For any exact determination 
of the relation between h and W, re- 
course must be had to experiment. 


op N. Van Deusen, L. I. Shaw and C. H. Davis, 

Brae = Methods of Test for Sheet 
Ci . 


ANALYSIS OF ROCKWELL HARDNESS DATA 1271 


Studies by Devries’ and Batson® have 
indicated an approximately linear rela- 
tion between /D and W/D? when 
h/D < 0.1. 

In any case, the form of the relation 
between and W must conform to 
dimensional requirements. Assuming 
dynamic and creep effects to be excluded, 
time does not enter the relation, and h 
is a function only of ball diameter D, 
load W, and those properties of the 
material which affect its behavior in 
the test. The latter are the quantities 
which characterize the stress-strain rela- 
tion and include therefore Young’s 
modulus £, the yield stress in shear So, 
the tensile strength S, and one or more 
dimensionless parameters fi, po, etc., 
characterizing the shape of the stress- 
strain curve. It follows, therefore, that 
h is a function of W, D, E, S, So, and 
pi, p2,etc. From dimensional considera- 
tions, this relation must be of the form: 


(W ES 


Now for any one material E/S, 
So/S, and pi, po, etc., are constants. 
In this case, then, 4/D is a function of 
W/SD* only. This important conclu- 
sion depends only on the truth of the 
assumptions that (a) the result is in- 
dependent of the time, (b) the result is 
independent of the thickness of the 
sample, and (c) the material is homo- 
geneous. If these conditions are satis- 
fied all values of 4/D, for all values of 
W and D, must lie on the same curve 
when plotted against W/D*. For dif- 
ferent materials, of course, the curves 
are not necessarily similar. 

In the case of the Rockwell test, the 
quantity measured is /,—Ao, where ho 


6R. P. Devries, “Comparison of Five Methods Used 
to Measure Hardness,’’ Technologic Paper No. 11, Nat. 
Bureau Standards (1912). 

¢G. C. Batson, “Hardness Test Research—Static 
Indentation Test,’’ Proceedings, Inst. Mechanical Eng. 


(British), Vol. 1, p. 401 (1923). 
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is the indentation under the minor load 
and is the indentation under the 
major load W, measured with Wo ap- 
plied, but with the balance of the major 
load removed. The data therefore do 
not permit a direct plotting of h/D 
versus W/D* to determine the relation 
between them. Instead, it is neces- 
sary to assume a form for this 
relationship from which an expression for 
hy-ho may be derived and to compare 
this with observed values of M-/po. 

In the tests reported here, experi- 
mental data were compared with a rela- 
tion derived from the assumption: 


h 

where C and m are constants of the 
material. As noted above, this rela- 
tion should be in approximate agree- 
ment with Meyer’s law (Eq. 1) if h/D 
is small. From the approximate geo- 
metrical relation between Ah and d 
(Eq. 2), m should be near one if m is 
near two, and hence, 


( SD ) (4) 


where, for brevity, / is now written for 
h,—ho, the penetration measured in the 
Rockwell test. This relation was chosen 
for study rather than the relation of 
direct proportionality reported by Dev- 
ries,° as the latter is merely a special 
case of the above equation for which 
m = 1. 


Experimental: 


A series of measurements were made 
on various samples, using a standard 
Rockwell hardness tester, and balls of 
js, § and }-in. diameters, with major 
loads of 60, 100, and 150 kg., the minor 
load being 10 kg. in each case. Read- 
ings were made on the red scale (nor- 


mally used for Rockwell “B” readings). 
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By subtracting the reading in gy 
divisions from 130 and multiplying th 
resulting values by 2 XK 10-*, values 
h were obtained expressed in cen 
meters. Some measurements were mace 
on a superficial tester, using a ball of 4. 
in. diameter, with major loads of 15. 4 
and 45 kg. and a minor load of 3 y 
The scale readings were subtracted fro; 
100 and multiplied by 10~* to giy 
in centimeters. 
The materials tested were: 
3 Standard hardness blocks a 
Tension test specimens of 
Aluminum 
Mild steel 
6 tempers of grade A brass 
4 tempers of grade B nickel silve 
3 tempers of grade C phosphy 
bronze and 
5 thicknesses of half hard grade! 
nickel silver 
With the exception of the last item av 
the aluminum specimens (0.064 in 
thick) all tension test specimens wer 
0.040 in. thick. Young’s modulus an! 
tensile strength determinations wer 
made on each tension specimen alte 
the hardness measurements had bee 
made. The tension specimens wet 
made and the tests conducted in accor 
ance with the A.S.T.M.  Standar 
Methods of Tension Testing of Metall 
Materials (E8-- 36). Five hardnes 
readings were made on each specimet 
Two specimens of each material wer 
tested. The differences between paitt! 
specimens were not significant, ai 
averaged values are reported belor 
For each material, values of h/D wet 
plotted against values of (W —Wo)/P« 
logarithmic paper. ‘The data for th 
standard hardness blocks are shown ! 
Fig. 1, those for mild steel and alum: 
num in Fig. 2, and those for grade 4 
brass in Fig. 3. Similar agreement wl 
Eq. 4 was obtained for the nickel silve 
and phosphor bronze samples. 
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The data for the standard hardness 
blocks afford the best test of agreement 
of the data with Eq. 4 as they include 
measurements with all three ball diam- 
eters. Each point in Fig. 1 represents 
the mean of five readings. The standard 
deviation of each group of five readings 
was computed and expressed as a 
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563. 
tions for these points were 4.4 per cent 


The individual standard devia-— 


fore within the indicated range of error, 
while that for the latter is apparently 
significant. As can be seen from Figs. 
2 and 3, apparently significant devia-— 


6000 


and 0.9 per cent, respectively. The 
deviation of the former point is there- ; 


5000 Va 
4000 4 
J 
3000 
u 4 4 
o Va 
1000 
5 600 
500 
~ 400 
300 
Ball Diameters 
200 
mr o 8 
7) log scale 
1.—-Converted Rockwell Readings. 
24 Standard test blocks. 
percentage. ‘These standard deviations tions occurred in a number of cases for 


were averaged for each specimen, giving 
in each case a mean value of the order 
of 1 per cent. The maximum error 
should therefore be of the order of 3 
percent. The deviations of the points 
from the lines fitted to them are within 
this, with the exception of one point 
(h/D = 0. 0058) for block No. 163, and 
one point (4/D = 0.0153) for block No. 


values of 4/D in excess of 0.1. The 
differences between m and one observed 
for blocks Nos. 663 and 563 are large 
enough to warrant the use of Eq. 4 in 
preference to the equation for which 
m = 1. 

The data therefore indicate that, for 
the materials tested, Rockwell hardness 
readings conform to Eq. 4 for values of 
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Fic. 3.—Converted Rockwell Readings. 
Grade A brass sheet. 
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i/D below 0.1. Small but apparently 
significant deviations occur for values of 
i/D between 0.1 and 0.2. No readings 
were made for values of 4/D greater 
than 0.2. It is of interest to note that 
for the standard Rockwell “‘B” test a 
4.in, ball is used, for which D = 
0.1588 cm., so that for h/D = 0.1, 
; = 0.0159 cm. This corresponds to a 
Rockwell “B” reading of 130 —80 or B50. 
The larger deviations therefore occur 
only for materials softer than B50. 


-| 6.73, 3.11) 1.059) 0.0747 
5.93 1.17, 1.034 


Grade A brass: | | | | 
Soft (crewing) 3.09, 3.22, 1.182 0.0894, 0.0756 
Soft (light) 3.55) 1.172; 0.0880, 0.0751 
hard 3.94) 1.050 0.0817) 0.0778 
4.55 1.050 0.0802) 0.0764 
5.07; 1.026, 0.0821) 0.0799 
6.52 1.031 0.0835; 0.0809 
| 


| 


Mild steel 


Aluminum. . 


0.0770, 0.0726 
0.0735 0.0704 
0.0738| 0.0708 


= 


Relation to Tensile Strength: 


From the lines drawn to fit the data 
of Figs. 1, 2, and 3 and from the cor- 
responding data for the other samples 
tested, values of m and C have been 


computed, S being taken as the tensile 
strength. The resulting values of S, 
m, and C are listed in Table I. Values’ 


of $ were not available for the standard 
hardness blocks, and only values of m 
are reported for them. 

If the experimental finding that Eq. 
4 applies to all the materials studied is 
taken in conjunction with Eq. 3, which 
is the consequence of dimensional re- 
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quirements, it follows that C and m 
should each be functions of E/S, So/S— 
and po, etc. The parameters 
pe, etc., reduce to general constants if 
all the materials have stress-strain curves 
of similar types, which is roughly true. - 
It follows then that C and m should be 
functions of E/S and S/S. 

Now So/S measures the relation be-- 
tween initial and final values of stress 
required for plastic deformation, that is, 
is a measure of strain hardening. As 
studies of the Brinell test by Meyer’s 
analysis have indicated that the devia- 
tion of m from two is a measure of strain 
hardening, it would appear that the 
deviation of m from one is a similar 
measure. In agreement with this it 
will be seen from Table I that the 
values of m for the hardened samples 
are near one, while those for the an- 
nealed materials are significantly higher. 

It may be concluded that for very 
hard materials, for which the stress 
required for plastic deformation is con- 
stant, Eq. 4 should apply with m = 1. 
It follows that the same relation should 
apply to a differential change in A if 
S’, the effective average plastic stress 
applied, is substituted for S, so that: 


(*) _ C'd(W — Wo) 
D S’ D? 
where C’ is the value of C for S constant. 
Now S will vary with the effective 
average strain in the manner of the 
stress-strain relation, and the effective 
average strain will be some function of 
h/D. Tf then it is ‘assumed that, 


where S is the maximum value of S’ and 
kisa constant, substitution in the pre- 
ceding equation and integration leads 
to the relation: 


_ (+k) CW — Wo) 


D 


| [St 
kg. 
Sample B/S| m | C | 
cm. | 
B ck No. 563... eecese 
k No. 163. . 
3.63, 4.06 1.085) 0.0990) 0.0913 
Mhard..............| 3.09, 5.03, 1.030) 0.0808) 0.0785 
Hard................] 2.06, 6.97) 1.040 0.0815| 0.0784 
Extra hard...........| 1.96) 7.54) 1.033) 0.0803) 0.0776 
Grade C phosphor | 
rd..............] 2.46) 5.14] 1.060 
Hard................| 1.79) 6.60, 1.055 
Spring...............] 1.47] 7.60] 1.043 
k 
h 
s=s(* 
D 
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This is identical with Eq. 4 withi-+ k the range 0.070 to 0.080, with 4 and 
written for m and with (1 + &)C’ exception of the one annealed nick. poin 
written forC. Values of C’,orC/m,are_ silver sample (for which C’ = 0,091; B10 
included in Table I. Values of E/S are included in Ty}), vari 
Equation 6 follows from Eq. 4 on I. Comparison of these with the cq com 
the assumption that m = 1.0 in the responding values of C or C’ gives; reac 
latter equation when the stress required evidence of correlation. —_It appear hon 
for plastic deformation has the constant _ therefore that C and C’ are independen: 
value S, together with the assumption of E/S and (taking m—1 asa measure, Eff 


that the (variable) average effective So/S) that C’ is independent of §, 


stress is given by Eq. 5. The latter while C = mC’. 
ure 
10000 
8000 thi 
As 
6000 
5000 ] sar 
8 3000 sta 
2000 
& 
~ 1000 Thickness 0.0/56 in. 0.064) i N2 
7 §-in. Ball e a 
600 7 
500 
at 
400 
N Oro — N zs —- , re 
0 088005. 0 000006 
Fic. 4.—Converted Rockwell Readings. ) 
Effect of sample thickness. 
assumption can be only approximately The indicated range of variation fo P 
true but (for k orm—I1small) is inaccord C’ corresponds to an extreme deviatiot t 
with the general nature of strain hard- from the mean of 5 per cent. Thi is 
ening as shown by stress-strain curves. same order of deviation is to be observet I 
From the dimensional argument, C_ in the deviation of indjvidual pois f 
should be a function of E/S and So/S. from the plotted lines in Figs. 2 and 5, é 
In Table I, however, it can be seen that and it may be concluded that C’ isé f 


for all materials tested, the values of C constant, independent of the materi 

lie within the range 0.075 to 0.085, with within the order of accuracy with which 

| the exception of the three annealed Eqs. 4 and 6 fit the data. This devit 
samples (two brass and one nickel tion of 5 per cent is larger than thal 

; silver). The values of C’ all lie within observed for the standard test blocks 
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and corresponds to a deviation of 1.5 
points on the Rockwell “B” scale at 
B100, or 4 points at B50. The larger 
variability for the sheet specimens, as 
compared with the test blocks, is most 
readily explained as the result of in- 
homogeneity of the material. 


Effect of Sample Thickness: 


Hardness and tensile strength meas- 
urements were made on five samples of 
} hard grade B nickel silver, ranging in 
thickness from 0.0156 in. to 0.064 in. 
As in the other tests, duplicate speci- 
mens were used in each test. For these 
samples, measurements were made with 
the Superficial tester as well as with the 


standard Rockwell tester. 


TABLE IL. 
Thick- | 
Sample | ness, | | m Cc 
__ SES 0.0156 6.01 1.029 | 0.0852 | 0.0830 
_ See 0.0201 6.27 1.005 | 0.0940 | 0.0933 
RS 0.0403 5.05 1.019 | 0.0831 | 0.0817 
| 5.90 1.031 | 0.0740 | 0.0716 


Data for the two limiting thicknesses 
are shown in Fig. 4. The points plotted 
represent readings at three loads with 
the j-in. ball and six with the ¢-in. 
ball, of which the three lower loads were 
made on the Superficial tester. Good 
agreement with Eq. 4 was shown 
throughout by the results for the 0.064- 
in. sample, while with the 0.0156-in. 
sample the data are more variable and 
the result for the largest value of h/D 
is well off the line fitting the other 
points. Similar results were obtained 
for the three intermediate thicknesses, 
except that the divergence of the point 
for the highest value of h/D was less. 

The values of m, C, and C’ obtained 
were as shown in Table II. (A fifth 
sample included had a thickness of 
0.025 in. As the results for this were 
substantially the same as those for the 
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0.020-in. sample, they have not been 
included.) 

The values of C’ for the thickest 
sample (N8) lies in the same range 
(0.070 to 0.080) as the values of C’ in 
Table I. For the other samples, the 
values of C’ are somewhat higher, that 
for sample N6 being further out of line 
than the others. The plotted data, as 
illustrated by that for sample N5 in 
Fig. 4, also indicate that (a) the data 
for the thinner samples are more varia- 
ble, (6) there is a greater divergence 
from Eq. 4 at high values of h/D, and 
(c) in the same range of values of h/D, 
the values of this quantity for the 
}-in. ball are somewhat higher and 
correspond therefore to higher values 
of C or C’ than do those for the ;-in. 
ball. These results are consistent with 
those obtained in the extensive studies 
of the relation between Rockwell hard- 
ness and tensile strength reported by 
Townsend, Straw, and Davis.’ The 
studies showed that the thickness had 
little apparent effect on hardness for 
thicknesses of 0.040 in. or more, while 
for lower thicknesses the results were 
more variable and the average hardness 
for a given value of tensile strength was 
lower (that is 4/D larger), an effect 
which became pronounced at thicknesses 
of 0.020 in. or less. 

The divergence from Eq. 4 at high 
values of h/D presumably represents the 
effect of thickness proper—that is, the 
anvil effect, or the effect on apparent 
hardness of a thickness too small for the 
strain to become negiligible at the lower 
surface of the specimen. However, this 
divergence is confined to values of 
h/D greater than 1/10, which, as noted 
above, are throughout in doubtful agree- 
ment with Eq. 4. 

The other differences noted with thin 

7J. R. Townsend, W.A. Straw and C. H. Davis, “Phys- 
ical ag See and Methods of jong for Some Sheet Non- 


Ferrous Metals,’”’ Proceedings, Am. Soc. Testing Mats., 
Vol. 29, Part i, p. 381 (1929). 
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specimens seem more readily explained 
as the result of variation of hardness 
with depth. The hardness test results 
| = be determined largely by the 
behavior of the outer layers of the ma- 
terial, which, in a cold-worked specimen, 
are harder and stronger than the inner 
layers. The value of S applying to the 
hardness test is therefore higher than 
_ that applying to the inner layers and is 
therefore higher than the average value 


‘thinn by the tensile strength. The 


thinner the specimens, the less should 

be the difference between the value of S 
_ in the outer layers and the average value. 
It is therefore to be expected that the 
_ values of C computed from the tensile 
_ strength should be higher for the thinner 
samples. 

Similarly, if the value of S decreases 
_in going toward the interior of the sam- 
_ ple, for the same values of W—W>)/D*, 
_ h/D will be larger for larger values of D, 
which correspond to a deeper penetration 
_ and hence to a smaller value of S. The 
slightly larger values of 4/D for the 
g-in. ball, as compared with those for the 
zs-in. ball, shown for sample N5 in 
Fig. 4, are consistent with this hypothe- 
sis. That no such difference is apparent 
for sample N8 (0.0641 in. thick) indicates 
that this sample is more nearly homo- 
geneous or that hardness does not vary 
so rapidly with depth in the thicker 
specimens. A rapid variation of hard- 
ness with depth in thin specimens would 
also tend to greater variability in the 
-measured hardness of such specimens. 

Alternatively, however, the relatively 
- greater penetration with the larger ball 
diameter in thin specimens may be 
caused by an anvil effect, as the fraction 
of total thickness penetrated will be 
greater, for a given h/D, the greater the 
ball diameter. It should perhaps be 
noted that the anvil effect should give 
a low apparent hardness, as the direction 
of flow is largely normal to the axis of 
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penetration, and will be resisted les 
by the friction between the lower sy. 
face of the specimen and the anvil thay 
by the cohesion of the material itself 

In order to separate the effect oj 
thickness proper from that of the varia. 
tion of hardness with depth, some 
tests were made with various thicknesses 
of annealed grade A brass, identical with 
those made with various thicknesses of 
half hard nickel silver, reported in Table 
II. The results are shown in Table III. 

It will be noted that the values of 
C” for all these specimens are in agree. 
ment with those reported for the thicker 
specimens. This shows that the slightly 
higher values of C’ reported for the 
thinner nickel silver specimens in Table 
II are, as suggested above, caused by 


TABLE III. 
| 
ickness, g.per | 
in. sq.cm. Cc 
0.0096 | 3.303 1.147 0.0855 | 0.0745 
0.0168 | 3.291 1.160 0.0911 0.0785 
0.0323 3.306 1.147 0.0958 reo 
0 


0.0684 3.210 1.180 0.0890 


variation of hardness with depth, and 
are not the result of any anvil effect. 

It was also found that with these 
annealed specimens the results with 
both the ,'s-in. ball and the }-in. ball 
lay on a common straight line (with the 
exceptions noted below). This shows 
that the relative displacement of the 
straight lines for the two balls noted 
on the nickel silver specimens are als 
caused by the variation of hardness with 
depth. 

It was also found that -for penetra- 
tions exceeding a certain fraction of the 
thickness of the specimen the plotted 
points no longer lay on a straight line. 
This is clearly a result of the anvil 
effect. 

The behavior described in the two 
preceding paragraphs is most clearly 
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shown in the results for the 0.0096-in. 
specimens, given in Fig. 5. Here it can 
be seen that the points for both ball sizes 
determine a common straight line, from 
which deviations resulting from the anvil 
effect are shown by the upper point for 
the }-in. ball and the two upper points 
for the ;';-in. ball. These points cor- 
respond to ratios of penetration to sam- 


5000 


evidenced by a departure from a straight 
line relation in the plot on logarithmic 
paper of (W—Wo)/D* versus h/D, the 
plot becoming concave toward the axis 
of h/D. 

Variations of hardness with depth are 
evidenced by a relative displacement of 
the straight lines obtained on such a 
plot with different size balls. Such 
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ple thickness of 0.55, 0.50 and 0.67, 
respectively. It appears, therefore, that 
the anvil effect results in deviations from 
the linear relation for values of penetra- 
tion of half the specimen thickness or 
more, 

Taken in conjunction with the results 
previously given, these data lead to the 
following conclusions: 

Indentation hardness readings are af- 
fected by the thickness of the specimen 
(anvil effect) when the penetration is 
half the thickness or more. The effect is 


log scale 
D g 


Fic. 5.—Converted Rockwell Readings. 
Annealed Grade A brass sheet specimen 0.0096 in. thick. 


variation is sharper with thin specimens 
than with thick ones. 


The data here analyzed lead to the 
following: 

1. For the Rockwell hardness test on 
homogeneous materials of the types 
studied, the relation between the dif- 
ference in penetration (4), the major 
and minor loads (W and Wo, re- 
spectively), and tensile strengths for 
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ball diameter D is given by Eq. 4, where 
C and m are constants of the material. 
The quantity m—1 is a measure of 
the work-hardening properties of the 
- material similar to the quantity n—2 in 
the Meyer analysis of the Brinell test. 
. The quantity C is a function of the 
_work-hardening properties of the mate- 
rial and is given approximately by mC’, 
_ where C’ is a numerical constant having 
a dorenaee in the mages 0. O70 to0.080. This 


The thickness data indicate that 
this indicated value of C’ has been af- 
fected by variations in hardness with 
depth, and that for materials of uniform 
hardness C’ would be slightly higher. 
nad 4. Tests on a few samples of different 
thicknesses indicate that Eq. 4 applies 
(for 4/D < 0.1) to sheet material 
down: to 0.0156 in. in thickness, in the 
range of loads and ball diameters em- 
ployed in the Rockwell test. It ap- 
_ pears, however, that for thin specimens 
the apparent value of C’ is higher, cor- 
responding to the fact that the average 
value of S is closer to that for the sur- 
face layers than is the case for thicker 
specimens. It also appears that the 
penetration is relatively larger for larger 
ball diameters, corresponding either to a 
more rapid variation of hardness with 
_ depth or to an anvil effect with larger 
ball diameters. 

These conclusions must in part be 
regarded as tentative, particularly those 
_ relating to the effects of thickness, which 
are based on a limited amount of data. 
Assuming these conclusions to be sup- 
ported by further studies, the follow- 


ing possible applications of them may 
be noted: 


= 
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1. It should be possible to facilitate 
calibration of a Rockwell tester by 
employing a single test block and taking 
readings with various loads, as compared 
with the present practice of using , 
different block for each point to be 
checked in calibration. 

2. Use of Eq. 4 should facilitate the 
development of limits on hardness read- 
ings in specifications designed for the 
control of tensile strength. 

3. From Eq. 5, hardness measure 
ments can be employed to determine the 
tensile strength of a specimen, it being 
only necessary to determine m and 
C’/S from data plotted in the form of 
h/D versus (W —Wo)/D* on logarithmic 
paper. As C’ is known approximately 
from the data given here, S can be con- 
puted from the measured value of C'/S. 
This is applicable to a specimen of un- 
known composition, but should ob- 
viously be applied only to materials 
similar in character to those studied here 
unless further information extending the 
application of this work is available. 

4. Variations of hardness with depth 
can be detected by making measure- 
ments with different ball diameters in 
the same range of values of h/D. Failure 
of the points to lie on a common curve 
is an indication of variations of hard- 
ness with depth, at least for samples 
over 9.040 in. thick. a 
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SYNOPSIS 


asure- A theoretical method for correcting the apparent Rockwell hardness num- >! 
ne the bers obtained on cylindrical specimens using the ball penetrator is developed. 
being The deviation of apparent from true hardness is found to vary approximately 
- and linearly with the depth of impression for a given specimen diameter. It has 
rm of been calculated for various specimen diameters from 4 in. to 1 in. 

thie Experimental results of tests on specimens from } in. to 1 in. in diameter 
of various materials, using the Rockwell “B,” “F,” and “G” scales are 
rately presented. The variation in apparent hardness measured on flat and curved 
— surfaces is found to check the theoretical difference, in general, closer than 
C/S. 0.5 of one Rockwell number. 

of un- Correction curves are presented, by the use of which one can obtain the 
1 ob- true Rockwell hardness, on the “B,” “F,” and “G” scales, from measure- 
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The Rockwell method of indentation 
hardness testing has enjoyed wide use 
in this country for inspection and 
specification purposes, largely because 
of its convenience and precision. In 
view of the extensive use and popularity 
of this test, it is worth while at every 
opportunity to extend its applicability 
and to place the interpretation of its 
results on a more firm fundamental basis. 

An attempt to extend the field of 
application in one particular has been 
made, and is described herein. This 
particular is the application of the 
Rockwell hardness test to cylindrical 
specimens. Heretofore, so far as the 
author is aware, no attempt to deter- 
mine the minimum radius of curvature 
of specimen on which Rockwell tests 
may be made without appreciable error, 
has been reported. Neither has any 
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terials ments made on cylindrical surfaces. a 
here 


determination of the error involved in 
making Rockwell tests on small cylindri- 
cal specimens been presented. 

The purpose of this paper is to present 
a theoretical development and experi- 
mental confirmation of corrections to be 
applied to Rockwell tests made using 
the ball penetrators, on cylindrical 
specimens ranging in diameter from two 
to sixteen times the penetrator diam- 
meter. 


Theoretical Development: © 


In developing the theoretical cor- 
rection, one fundamental assumption 
was made. This was that materials 
may be said to have the same indenta- 
tion hardness when, using the same 
penetrator and the same load, the load 
supported per unit area perpendicular 
to the line of load application is the 
same when equilibrium is_ reached. 
This is in accordance with Meyer’s 


J. 
these 
yoper- 
COn- 
©] 


definition of hardness,? and seemed more The difference between these two values 


fundamental than Brinell’s rather arti- of R, becomes a correction to be applied valt 
_ ficial use of spherical area of contact. to the results of tests on cylindrica) V 
‘The plan of attack in developing the specimens to obtain the true hardness as 4 
correction factor is to calculate the area The coordinate system for calculating $0 
of contact perpendicular to the line of _ the area of contact is shown in Fig, |, val 
_load application, betweena cylinder and The origin of the cartesian system js sha 
a sphere, where the cylinder deforms taken at the center of the sphere. con 
and the sphere does not. This area we Let r = sphere radius, Fig 
may call the normal area of contact. R = cylinder radius, tat 
The normal area is calculated for _ P = penetration of sphere into elli 
various depths of penetration and cylinder, and axe 
cylinder radii. These areas are then D = distance between centers = ing 
equated to circular areas, and the © R+r-—P. inv 
equivalent penetration required to pro- If the cylinder is displaced along the in 
X axis, and its axis is coincident with are 
| | the Z direction, the equation of the Th 
y cylinder is 
Y? + (X — = R*....... (2 
Sphere The equation of the sphere is 
| 
| 
| If we eliminate X between Eqs. ? 
and 3, the result will be the equation of | 
| | the projection of the periphery of the 
contact area on the Y-Z plane, which is 
the above defined normal area. Re- | 
Fic. 1.—Coordinate System for Determining = writing Eq. 2, we have | 
Contour of Intersection of Cylinder andSphere. (X — D)?? = ¥?........ (2a 
duce the same normal area of contact or m 


between a rigid sphere and a deform- (X -D)= +4 


able flat surface is calculated. The 
assumed penetration into the cylinder then “ 
and the equivalent penetration into a 
flat specimen are then converted into : 
Rockwell numbers by the relation* and di 
X?= y?+ 
R, = 130-S00P........(1 
_ where R, = the Rockwell hardness num- Substituting in Eq. 3 p 
ber using the red figures, t 
and R? — ¥? + 2D — + 
P =the penetration in milli- 
meters. or t 
n 


Direction Book for Hardness Tester, Wilson 
Mechanical Instrument Co., 2D / R? — y? 
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The + sign applies, since the negative for the conditions y = 0 and z = 0 
value leads to imaginary roots. respectively. 

While Eq. 7 is not readily recognizable When y = 0, Eq. 7 becomes 
as any familiar contour, when plotted it 
$0 resembles an ellipse for all + 2DR.. . (8) 
values of the parameters in which we “f-e- 
shall be interested, that it may be so Now since 
considered for subsequent calculations. co 
Figure 2 is a comparison of a represen- . 
tative curve plotted from Eq. 7 and an R— D= P—-F........ 
ellipse with the same major and minor 
axes. It is apparent that in consider- 
ing these areas equal, little error is =r — (P?— 2Pr+?r)= 
involved. The maximum error involved 

so 


? 


in this approximation is 0.6 per cent in 
area, representing 0.7 Rockwell number. 
This maximum occurs in the case of the a=+v02Pr—F 


\ 


\ 


\ 

\ 
o--0 Calculated from Fq.7 \ 


True Ellipse with Same Axis | 


Fic. 2.—Comparison of Projection of Intersection of Sphere and Cylinder with Ellipse. 


smallest specimen and deepest penetra- To determine the minor axis, set z 
tion, where for other reasons the cor- in Eq. 7 
rection factor cannot be applied with 
confidence. The error varies roughly 2D ~/R? — Y?= _ 
directly as the depth of penetration and (13) 
inversely as the square of the specimen 
diameter. let 
_ Assuming the normal area to be el- 
liptical, it is necessary to determine the 
major and minor axes for each value of 
P, compute the area (x a 6), equate it 
to a circular area, and solve for P’, the 
penetration into a plane surface neces- 
Sary to produce the same normal con- 
tact area. 

The major and minor axes a and } 
be determined by solving 7 


R?— M? 


Values 
pplied 
drical 
dness, 
lating 
rig. 1. 
em js 
> into 
ers = 
the 
with 
f the 
< 
rich is 
Re- _ 
(2b 
(4 
(7) 
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Now M* = D* + 2D°(R’ 
(R? 


b=+ 


0 


For a particular size sphere and cylin- 
der, we may by use of Eqs. 12 and 16, 
calculate the major and minor axes 
of the normal contact ellipse for various 
depths of penetration. 

‘This area is 


An = wab..........(17) 


r) + 


Now if the sphere had penetrated a 
plane surface until the load was sup- 


TABLE I.—THEORETICAL ROCKWELL HARDNESS 
CORRECTION. 


All loads: %-in. penetrator—%-in. specimen—red figures. 
R,| P| b P| 


0 0 0 0 
0.17706 0.14501 0.025675 0.01634 121.8 
0.24880 0.20445 0.050867, 0.03272 113.6 
0.30274 0.24960 0.075563 0.04912 105.4 
0.34727, 0.28724 0.099751, 0.06554 97.2 
0.38568, 0.32007 0.12344 | 0. 
0.41964 0.34945 0.14664 | 0.09848 80.8 

0.45016, 0.3762 0.1693 | 0 

0.47791, 0.4008 0.1915 | 0 
0.50334, 0.4236 0.2132 | 0. ° 
0.52678 0.4449 0.2344 | 0.1647 | 47.7 

0 

0 

0 


0.54850 0.4649 0.2550 
0.56868) 0.4838 0.2751 
0.58750, 0.5017 0.2947 


ported by the same normal area, this 
area would be 


so 
rab = rorc = Vab....(19) 


Where c is the radius of the equivalent 
circle. If the sphere were penetrating 
a plane surface, P’, the equivalent pene- 
tration can be expressed as 
Vr-@.....(20) 
By Eq. 1, the equivalent, or corrected 
Rockwell number, R’, is 


R’, = 130 — 500 P’...... (21) 
Table I presents the results of the 
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above outlined calculation worked oy 
in detail for the case where a ;-in 
ball penetrator is used to make tests 
on a }-in. rod. 

Table II summarizes the results of 
the same calculation for the -in. ball 
penetrator used on 3%, 3, 2, 4, 3 and 1-in 
rods. Here some of the intermediate 
TABLE Il.—THEORETICAL ROCKWELL HARDNES: 


CORRECTION FOR MEASUREMENTS MADE 
ON CYLINDRICAL SPECIMENS. 


All loads—%-in. penetrator—red figures. 
| Min 
Specimer 


%in. |  \-in. 
Specimen | 


Specimen 


Rn | P P’ iz PY 


| 
130 | 0 0 130.0 0 130. | ee 
120 | 0.02) 0.01734 121.3 0.01790 121.0 0.01853 12 
110 | 0.04, 0.03471 112.6 0.03584 112.1) 0.03709 111 
100 | 0.06) 0.05211 103.9 0.05380 103.1 0.05567 102.2 
90 | 0.08) 0.06955 95.2 0.07181 94.1 0.07428 92 


0 
0 
1 
1 
1 
80 | 0.10 0.08701; 86.5 0.08984 85.1) 0.09291 8 
70 | 0.12, 0.10452, 77.7 0.10790 © 76.0 0.11158 7 
60 | 0.14 0.12206, 69.0 0.12600 67.0 0.13027 6 
50 | 0.16, 0.13964 60.2 0.14413 57.9 0.14899 55 
40 0.18 0.15724 51.4 0.16230 48.8 0.16774 4 
30 | 0.20) 0.17489) 42.6 0.15050) 39.8 0.18652 % 
20 | 0.22) 0.19257; 33.7, 0.19873) 30.6, 0.20532 27 
10 | 0.24) 0.21029, 24.9, 0.21700 21.5 0.22415 17 
0 | 0.26) 0.22804 16.0 0.23531| 12.4) 0.24302 &.5 
| Y-in. | 34-in. 1-in 
| Specimen Specimen Specimer 
| 130.0, 0 130.0! 


0 0 13 
120 0.02) 0.01887, 120.6 0.01922 120.4 0.01941 12 
110 | 0.04, 0.03776 111.1) 0.03846 110.8) 0.03883 11 
100 | 0.06) 0.05667, 101.7) 0.05772, 101.1) 0.05827 100.9 
90 | 0.08) 0.07561) 92.2 0.07699 91.5, 0.07772 9% 
80 | 0.10) 0.09456, 82.7) 0.09629 81.8) 0.09718 81.4 
0.12) 0.11354) 73.2 0.11559. 72.2, 0.11666 71 
60 | 0.14) 0.13255; 63.7) 0.13492) 62.5 0.13615 61.9 
50 | 0.16, 0.15157; 54.2) 0.15427; 52.9 0.15565 52.2 
0.18) 0.17062, 44.7) 0.17362, 43.2) 0.17517 42.4 
0.20 0.18970, 35.2 0.19300) 33.5 0.19470 32. 
20 | 0.22) 0.20880 25.6 0.21239 23.8 0.21424 22.9 
0.24! 0.22792, 16.0) 0.23180, 14.1) 0.23380 13! 
0 0.26 0.24706 6.5) 0.25123 4.4. 0.25337 3.2 


steps in the calculation are omitted, but 
the essential figures are presented. 
Experimental Confirmation: 

The above-described theory was de- 
veloped on the basis of an assumption 
which seemed reasonable, but which 
was not entirely established. Further 
more, no account has been taken of the 
lack of sphericity of the recovered im- 
pression, nor of the “piling up” @ 
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material around the impression. The 
theory therefore is without merit unless 
it can be experimentally confirmed. 
With a view to confirming or discounting 
the theory, a number of tests were made. 

From various size rod stock of several 


metals, specimens } in. long were cut, 


TABLE II1.—-AVERAGE RESULTS OF ROCKWELL 
TESTS MADE ON CURVED AND FLAT 
SURFACES OF ROD STOCK. 
Each figure is the average of 5 readings. 


: Flat Surface* 
Material 
; 
a I B| Gi F G 
95.062.8 2.2 100.7) 76.1 38.5 
| 111.194.0 71.4 114.4 102.1 86.5 
Drill rod ¥e 107.7.89.6 64.0111.9, 97.0 76.5 
Aluminum..........| 4% | 85.9.44.5 
Phosphor bronze...| 4% 104.4.91.5 110.2, 99.6. 
Brass....... % | 53.5 ee 
Steel | %  88.852.0 16.0 96.3) 71.6 33.6 
Nickel silver. .| % | 73.5 37.6 81.3, 50.3 
Drill rod ; % | 98.4:74.4, 40.6 102.6 80.1 50.7 
| 
Brass 64.0 12.0 
Steel... |\% 79.2 65.4... 84.4 72.6 
Nickel silver... .. 73.3 30.0 80.5 42.1 
Drill rod... | Y% 84.0 
Brass... . ..| % | $9.1] 1.0 65.4 11.2 
Steel ¥% |105.9,.90.3) 68.8 107.2) 93.6,75.5 
Nickel silver ..| % | 89.2 56.8) 5.2, 93.9, 64.1/14.9 
Phosphor bronze...| 34 | 69.2) 8.6......| 73.5 
Brass | 58.3) 6.6).....| 61.5) 15.0}. 
Steel ..| % 106.6 87.0 62.3 108.0 90.7 67.6 
Drill rod ..| 106.7 62.4 108.4 68.3 
Nickel silver 100.1:76.3, 15.0 101.0 77.8, 22.6 
Phosphor bronze Y% | 71.5, 24.4 74.4) 30.6)... 
Phosphor bronze... 34 |101.9,78.9, 47.3 102.8 
Brass .| 1 | 89.155.3) 10.0 90.5) 57.7,12.5 
Phosphor bronze...| 1 | 84.3.47.8 —0.3, 85.4) 50.2| 3.3 


“FP” Scale —60-kg. load; 4¢-in. penetrator—red figures. 
“B” Scale ~100-kg. load; %-in. penetrator—red figures. 
‘G” Scale—150-kg. load; 4%-in. penetrator—red figures. 
Note.—Specimens 4 in. long were cut from rod stock 

and end surfaces ground parallel. They were then care- 
fully annealed. Measurements on flat surface were made 
on end of specimen using spot anvil. Measurements on 


—_ surface were made on side of specimen, using V 
anvil. 


and the end faces ground parallel. 
These specimens were then carefully 
annealed, so that each would have the 
same hardness throughout. Rockwell 
hardness measurements were then made, 
first on the flat surface, using a spot 
anvil, then on the curved surface, using 
a large Rockwell V anvil. Three dif- 
ferent loads were used—150, 100, and 
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60 kg.—in order to obtain as much 
spread between points as possible. Since 
the correction is purely a geometric one, 
it should work equally well for all loads. 
The ;-in. ball penetrator was used in 
all cases. Five readings on each type 
surface were made on each size specimen 
of each material. 

The average results of these measure- 
ments are presented in Table III. 
Here the materials, sizes of the speci- 
mens, and average readings on all three 
scales on each type surface are given. 
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Fic. 3.—Relation Between 
True Rockwell Hardiess. 

\%-in. ball penetrator. '%-in. rod specimen. 


Apparent and 


Figures 3 to 9 present graphically 
the relation between the apparent Rock- 
well hardness as measured with a 76- | 
in. ball penetrator on the cylindrical | 
surface of }, 3°5, 4, 2, 3, ? and 1-in. rod, 
and the true Rockwell hardness which 
would be measured on a flat surface of 
the same material. The curves are 
drawn using the calculated values, while 
experimental points are indicated on 
each figure. The material of the speci- 
men used to obtain each point is also 
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Fic. 4.—Relation Between Apparent and 
True Rockwell Hardness. 
\%-in. ball penetrator. %-in. rod specimen. 
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True Rockwell Hardness. 


Yin. ball penetrator. %-in. rod specimen. 


cancels out, and hence need not be 


True Rockwell Hardness 


True Rockwell Hardness 


Examination of these figures yil 
ring out several interesting and usefy) 
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indicated. In view of the almost exact Conclusions: oe a 
linearity of this relation, it will be 
noted that the effect of the minor load b 
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Fic. 10.—Correction to Be Added to Rockwell Measurements Made on Cylindrical Specimens. : 
Parameter is apparent hardness. 
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factory. With very few exceptions, the 
predicted correction differs from that 
measured by not more than one Rockwell 
number, the average spread being less 
than one number. The discrepancies 
are greatest at the lower end of thescale, 
particularly on the small specimens. 
This lack of agreement is probably due 
to difficulty of aligning the small rods 
so that the indentation will be accurately 
centered and, to a lesser extent, to the 
difference in the degree of cold working 
of the material under the center of the 
impression. Obviously this material re- 
ceives more severe cold working when 
measurement is made on the curved 
surface. 

The second important conclusion is 
that the correction is independent of the 
material and of the load used. This is 
to be expected, since no_ cross- 
comparisons are made. That is, no 
measurement made on one material is 
compared with that made on another, 
and no comparison is made between 
measurements made with different loads. 
The only factors that might contribute 
to discrepancies between measurements 
made on various materials is the dif- 
ference in cold working characteristics 
and in the tendency of the material to 
“pile up” around the impression. These 
apparently are not serious. 

As to the minimum diameter speci- 
men on which measurements may be 
made without necessity for correction, 
this depends upon the hardness of the 
material and the degree of precision re- 
quired. For instance, if a precision of 
one hardness number is_ required, 
measurement may be made on a 1-in. 
specimen if the hardness is above 80. 
If no correction is made, it is advisable, 
in order to reduce error, to use the 
lightest feasible load. 

In Fig. 10 the correction to be added 
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to the measurement made on the cury 
surface is plotted against diameter ¢ 
specimen for various values of apparen; 
hardness. By means of these curve 
and interpolation between them, on 
may readily obtain the correction to be 
applied to any apparent hardness valy 
obtained on any diameter cylinder 
Although experimental determination: 
have not been made on specimens larger 
than 1 in., there is reason to believe that 
extrapolation by means of these straight 
lines is possible. 

The correction herein described may 
be used only in connection with measure. 
ments made using the ;’g-in. ball pene- 
trator. Because of geometric symmetry 
and the linearity of the relation as 
shown by Figs. 3 to 9, inclusive, it should 
be possible to apply the same correction 
to measurements made with other pene- 
trators, the correction being the same 
when the penetrator to specimen dian- 
eter ratio is the same. There is n 
reason to anticipate difficulty in using 
this analogy, but no experimental tests 
have been made as yet to confirm this 
relation. 

It is impossible to say at this time 
whether or not a relation may be 
established between the corrected Rock- 
well hardness and tensile strength. At 
any rate, onestep has been made, by elimi- 
nating the uncertainty due to the geon- 
etry of the surface of the rod specimen. 
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Mr. V. E. Lysacut! (presented in 
written form).—This paper is of real 
interest, especially to those who find it 
advisable to correlate the Rockwell 
numbers with tensile strength or some 
other property of a metal and who desire 
this correlation to be independent of 
diameter of specimen. 


to be tested, if no correction is to be 
made, the error due to curvature of 
specimen can be reduced by using the 
lightest feasible load. By means of the 
Rockwell Superficial Tester with loads 
of 15 or 30 kg. it is possible to test very 
small rounds without any appreciable 
error. 
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Fic. 1.—Error Due to Curvature versus Rockwell “B” Hardness for 3-in. Diameter Cylinders. 


For control and specification pur- 
poses, however, if one will note and 
specify the diameter of the specimen 
together with the information as to 
whether the test was made on _ the 
cylindrical surface or on a flat spot pre- 
pared on the cylindrical surface, this 
information will suffice for duplication 
of results and generally this is all that 
is necessary —to be able to duplicate 
values permanently. 

It is pointed out in the conclusion of 
this paper that when small rounds are 


x ‘Engineer, Wilson Mechanical Instrument Co., Inc., 
‘ew York City. 
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At the laboratories of the Wilson 
Mechanical Instrument Co., Inc., work 
has been completed by actual tests in 
ordet to determine the error due to radius 
of curvature. The agreement between 
the theoretical results of Mr. Ingerson, 
as described in this paper, and the tests 
made by the Wilson Mechanical Instru- 
ment Co. are shown in the accompany- 
ing Fig. 1. The values for }-in. di- 
ameter cylinders are shown, but tests 
completed on other diameter work show 
equally good agreement. 

These results shown in the curve were 
obtained on 3-in. diameter cylinders, 
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1 in. in length. Each cylinder had a 
flat about 3%; in. long running the full 
length of the specimen. Tests were 
made on both the flat and the cylindrical 
surfaces. Thirty-six specimens of both 
ferrous and non-ferrous materials of 
different hardnesses were tested. It will 
be noted from this curve that the results 
obtained on the actual tests are in very 
close agreement with the theoretical 
values determined by the method pro- 
posed in this paper. 

Mr. H. S. FReYNIkK? (presented in 
written form).—The extension of the 
Rockwell hardness test to cylindrical 
specimens is, of course, a matter of con- 
siderable practical importance. There 
is a considerable demand for a simple 
method of test which will afford a more 
definite determination of the properties 
of round wire or rods. The effort made 
in placing interpretation of the results 
on a more firm fundamental basis is 
commendable. 

Our comments on this paper resolve 
themselves in the statement made in the 
second paragraph under “Experimental 
Confirmation,” namely, ‘These. speci- 
mens were then carefully annealed, so 
that each would have the same hardness 
throughout.” We wonder whether any 
attempt was made to determine whether 
there is agreement between theory and 
experiment in testing cylindrical speci- 
mens of the various metals in the cold- 
worked condition, as received from the 
manufacturer. We do not believe that 
this agreement will be obtained because 
the hardness throughout the cross-section 
of hard-rolled rods is not the same, es- 
pecially in rods of larger diameters. 
Much rod is finished by cold rolling as 
well as drawing; therefore, higher values 
are obtained near the surface of the rod 
as compared to the section near the 
center. In addition, some rods are 


wy, Metallurast, The Riverside Metal Co., Riverside, 


occasionally finished which are square, or 
some shape other than round, at the last 
anneal, and as a consequence some 
variation in Rockwell hardness values 
would be obtained around the surface 
as well as variation from center to edge 
of rod. Under these conditions, the 
tensile strength method has been the 
only method of testing accepted here. 
tofore. 

We realize that no relationship ha 
been established by the authors between 
the corrected Rockwell hardness and 
tensile strength of cylindrical specimens. 
Under the circumstances just mentioned 
we cannot see how the interpretation oj 
the Rockwell hardness results can be 
placed on a firmer fundamental basis, 
or a corresponding relationship ob- 
tained with tensile strength, except 
when the hardness is uniform through- 
out the cross-section. 

Mr. W. E. INGERSON® (author's 
closure).—While it is true, as Mr 
Lysaght points out, that for control and 
specification purposes reproducibility of 
results will suffice, it seems to me that 
the specification of hardness limits for 
rod stock which are independent oi 
specimen diameter will be much simpler, 
inasmuch as there will be only one set 
of specification limits rather than sepa- 
rate ones for each size rod covered by 
the specification. 

The advantages to be gained by using 
light loads are not so great as they seem 
at first glance. While the actual error 
in hardness numbers is small for the 
smaller penetrations, due to the de 
creased sensitivity of the scales at the 
upper end, when conversion is made (by 
means of empirically established equiva 
lent values) the equivalent error on the 
more sensitive scales is almost as great 
as the error involved had the measurt: 
ment been made using the more sensitive 


of Technical Staff, Bell Telephone Labor# 
tories, New York City. 


scale. 
ment is 
}-in. Sf 
For thi 
Pis0.0 
to Tab 
perficiz 
= 43.. 
B scal 
tables) 
Theref 
B sca 
ment 
direct] 
that t 
bin. s 
about 
little i 
ficial 
of cur 
It | 
experi 
pende’ 
Wilsor 
check 
and 
paper 
Lysag 
corrot 
It i 
that t 
rod is 


i 


s DISCUSSION ON ROCKWELL HARDNESS OF CYLINDRICAL SPECIMENS 1291. 


gale. For example, suppose a measure- 
ment is made, using the 30-T scale on a 
in. specimen, and the hardness is 40. 
For this value on the superficial machine 
Pjs0.001 (100 — 40) = 0.06. Referring 
to Table II, P’ is 0.05667. The true su- 

rficial hardness is therefore 100 — 56.7 
= 43.3. The equivalent values on the 
B scale (from the empirical conversion 
tables) are R,, 36 and R’, 40.6. 
Therefore, the equivalent error on the 
B scale is 4.6 numbers. If measure- 
ment had been made on the B seale 
directly, reference to Fig. 10 indicates 
that the correction corresponding to a 
}-in. specimen of hardness 36 would be 
about 4.7. It therefore appears that 
little is to be gained by using the super- 
ficial machine to eliminate the effect 
of curvature. 

It is gratifying to know that the 
experimental results obtained inde- 
pendently in the laboratories of the 
Wilson Mechanical Instrument Co. 
check so closely with both the theoretical 
and experimental values presented in the 
paper. My thanks are due to Mr. 
Lysaght for the presentation of these 
corroborative data. 

It is true, as Mr. Freynik points out, 
that the hardness of cold-rolled or drawn 
rod is not uniform throughout. This, 
is not necessarily an insur- 


mountable obstacle in the correlation 
of hardness with, say, tensile strength. 
Such correlation is satisfactorily ob- 
tained for thick sheet material, where the 
hardness (and related tensile strength) 
vary with depth from the surface. A 
mathematical formulation for the rela- 
tion between Rockwell hardness and > 
tensile strength is presented by Peek 
and Ingerson,‘ wherein this variation of | 
tensile strength of individual fibers with 
depth is included by assuming that 


h K 
s~ (5) 
where: 


S = the tensile strength of the in- 
dividual fiber, 
the average tensile strength 
throughout the specimen, 
the diameter of the penetrator, 

= the depth from the surface, and 

a constant determined empiri- 
cally. 

The relation is, of course, only ap- 
proximate, but nevertheless provides 
satisfactory agreement for thick sheet 
specimens. There is reason to believe 
that it should also work in the case of the. 
rod specimens, once the effect of curva-— 
ture proper has been eliminated by od 
method outlined in this paper. © 


4 See p. 1270. 
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A STUDY OF THE INFLUENCE OF SPEED ON THE TORSION IMPACT ff second. 
TEST 2. Li 


machir 
By O, V. GREENE! AND R. D. Stout! 


same 
SYNOPSIS 


This paper describes further experiments On the effect of velocity in torsion 
impact testing of hardened 1.10 per cent carbon tool steel. A range of speeds 
_is investigated on the torsion impact machine and on a static torsion machine. 

As a part of the necessary information in the use of the static test, the 
modulus of torsion of hardened and drawn 1.10 per cent carbon tool steel has 


speeds investigated; and that both impact and static tests show the same shape 

d of curve when breaking energies are plotted against drawing temperature. 

P An explanation is offered for the disparity between fast and slow tests at 
drawing temperatures below 400 F. 

“i The results indicate that the torsion impact test is essentially a rapid static 


test. 


been determined 
Data are presented to show that torsion impact values are constant at the 
> 


a The development and significance of ments on the effect of velocity of the 
the torsion impact test on hard, low flywheel is included. The present paper 
ductility materials have been described is intended to report a more complet 
in previous papers.?:*:* Naturally in survey of the effect of speed on torsior 
the development of a new type of impact impact values of straight carbon to 
test designed to test a class of materials _ steel. 
previously unevaluated, it is to be ex- In order to investigate speed, it 
pected that numerous problems will sug- essential to preserve an energy leve 
gest themselves. In impact testing the in the rotor of the impact machine wel ii 
question of speed is of importance.*:* above that necessary to break the vin 


In a paper by one of the authors in specimen. It is evident that as the 100 3 
1933? a very limited number of experi- velocity is lowered, the moment ‘ 3 
—_—_— inertia of the rotor must be raised t¢ loade 
1 Metallurgical Dept., The Carpenter Steel Co., Read- impracticable values to accomplish this. 
ing, Pa. wher 
2G. V. Luerssen and O. V. Greene, “The Torsion Consequently in approachirig zero veloc: 
Impact Test,”’ Proceedings, Am. Soc. Testing Mats., ? readi 
Vol. 33, Part I, p. 315 (1933). ity, 1t 1s convenient to resort to 4 
3G. V. Luerssen and O. V. Greene, “The Torsion Im- test 
act Properties of Tool Steel,” Transactions, Am. Soc. form of static torsion test in which wor 0.( 
Metals, Vol. 22, p. 311 (1934). ), 01 
4G. V. Luerssen and O. V. Greene, “Interpretation of values can be obtained. I 
Torsion Carbon Tool Steel,”’ Trans- n 
actions, Am. Soc. Metals, Vol. 23, p. 861 (1935). , i j 
H.C. Mann, “‘High- Velocity Tension-Impact Tests,”’ Test Procedure: 
Proceedings, Am. Soc. Testing Mats., Vol. 36, Part Il, pas for detai 
p. 85 (1936). rhree ranges of speed were chosen 10 
on Impact Testing, Proceedings, Am. 
Soc. Testing Mats., Vol. 38, Part II, p. 21 (1938). this investigation. 
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fr? On INFLUENCE OF SPEED ON 


1. High-Velocity Test.—This is the 
standard adopted for the torsion impact 
test and was obtained from the type of 
machine shown in Fig. 1. A velocity of 
700 r.p.m. was used, equivalent to an 
angular velocity of 73 radians per 
second. 

2. Low-Velocity Test.—The original 
machine described in the 1933 paper? 
was used, but converted by a special 
high-torsion flywheel to possess the 
same energy at 100 r.p.m. as_ that 


Fic. 1. 


developed in the standard machine at 
700 r.p.m. The angular velocity of 
100 r.p.m. is 10.5 radians per second. 

3. Static Test.—The specimen was 
loaded by a weight and pulley system 
whereby actual torque and deflection 
readings were obtained. The time of 
test was 15 sec. to 10 min., or 0.1 to 
0.001 radians per second. 

In the earlier paper® the original tor- 
sion impact machine is described in 
detail. The present machine shown in 
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Fig. 1 is essentially the same as the 
original except for slight improvements. — 
The machine consists of a rotor A and | 
a fixed head B, both rigidly fastened 
to a bed plate C. The rotor consists of 
a flywheel on a shaft rotating freely in a 
ball bearing mounted in housing D. 
The flywheel carries on its outer face 
two tups not visible in the photograph. 
The specimen £ with its cross bar is 
gripped in a sliding chuck F, which is 
pulled back while the rotor is brought 


Impact Test Machine. 


to the proper speed indicated on the 
tachometer G and then pushed quickly © 
forward until the cross bar engages the | 
flywheel tups, twisting the specimen > 
to rupture. The energy thus consumed 
is indicated by the drop in velocity of 
the rotor. At 700 r.p.m. (73 radians 
per second), the kinetic energy of the 
rotor is 250 ft-lb. 

For the tests at 100 r.p.m., a machine 
is used with a double flywheel to which 


are added ten lead spokes weighing 25 
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lb. each. 
100 r.p.m. (10.5 radians per second) 
is 249 ft-lb. 

Figure 2 represents the arrangement 


The energy in this flywheel at 


for static tests. Following the experi- 
ments at 100 r.p.m., the lead spokes 
were removed, and in their stead was 
mounted a 48-in. diameter wheel, A, 
on the periphery of which was fastened 
a cord and bucket, B, whereby the 
torque was applied, using sand for the 
loading agent. ‘This adaptation is simi- 
lar to that used in tests reported by 
Sauveur.’ The torsion specimen C is 
gripped at its ends by a fixed chuck, D, 


2. Static Test Machine. 


and the rotating chuck E connected to 
the torque wheel. A deflection scale F 
is fastened near one end of the specimen, 
and a pointer G near the other. In 
connection with the measurement of 
deformation, it was necessary to make 
modulus determinations of a uniform 
section, and by a method shown later 
to correct for the elastic twist of the 
specimen sections separating the actual 
gage length from the measuring device. 
In order to avoid bending moment, the 
specimens were checked closely for 
concentricity, and care was observed 
in mounting the specimens in the grips. 

A heat of carbon tool steel of the 

7 Albert Sauveur, “The Torsion Test” (Edgar Marburg 


Lecture), Proceedings, Am. Soc. Testing Mats., Vol. 38, 
Part Il, p. 3 (1938). 


GREENE AND STOUT 


following analysis was used through 
the investigation: 


Carbon, per cent. .......... 1.10 
Manganese, percent........ 
Silicon, per cent..... 
Phosphorus, per cent......... 0.018 
Sulfur, per cent 0.016 


The specimens were hardened by heat 
ing for 3 min. in a lead bath at 145 
F., followed by brine quenching, an 
drawing at various temperatures. 
The dimensions of the standard torsio: 
impact specimen used for both impa 
and static tests are shown in Fig. ; 
This round-end type has been adopted 
in place of the square end for its greater 
ease of preparation, its lessened tenden 


Fic. 3.—Torsion Impact Test Specimer 
to warp in hardening, and better seating 
in the chucks in testing. . 


Test Data: 


The static torsion test was conducte 
by applying definite increments of loa‘ 
to the specimen and reading the angular 
deformation accompanying them, cot- 
tinuing to the point of failure. Fron 
the load acting on the circumference oi 
the torque wheel, the torque in pound 
inches was calculated. The torque an 
deformation data were then used t 
plot a torque-strain curve from which 
an evaluation of work in ‘foot-pounés 
was obtained. Before this could be 
done, however, it was necessary to rele! 
the deformation data obtained from the 
clinometer to the 1-in. gage length, which 
involved correction for the elastic twist 
of the fillets and larger sections of the 
shanks. The mode of correction I 
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yolves the use of the modulus of torsion, 
which is an important constant in torsion 
formulas applicable to stresses under 
the elastic limit. Since published values 
of the modulus are somewhat at 
variance, this constant was determined 
by what is known as the direct method, 
in which special specimens of uniform 
section, } in. round, brine quenched at 
1450F., and drawn at 350 to 800F., 
were used. A special clinometer was 
fastened to the section to obtain meas- 
urements of deformation, accurate to 


Using this formula, a consistent value of 
modulus was found over the drawing 
range, the average value for F being 
10,800,000 psi. This is in good agree- 
ment with values obtained by Zim- 
merli, Wood and Wilson* and Ludewig.® 

The standard impact specimen was 
substituted in the arrangement used 
for the modulus determination, and 
torque-deformation data carefully de- 
termined. It can be seen from Eq. 1 
that 


0.0003 radians. This permitted the i 10.187L 
use of a series of low loads well below Fd‘ 
1200 
_ Failure 
1000 
F 800 / 
©00 
4 
400 
200 
0 0.20 040 060 080 100 120 140 
Deformation, radians 
Fic. 4.—Typical Torque-Strain Curve 1.10 Carbon Tool Steel. 


Brine Quenched at 1450 F., Drawn at 350 F., Static Test Run in 15 sec. 


the elastic limit. 


_ 10.187 


the torsion modulus, 


and 
the diameter in inches. 


The torsion formula 


for a circular cross-section is of the 1-in. gage length can be calculated 
. for the torque values used in the ex- 


the torque in pound-inches, 
the gage length in inches 
= the deformation in radians, 


From Eq. 2, the expected deformation 


periment above. The actual clinometer 
readings in this test exceed the theo- 
retical values in a definite ratio. The 
difference between these observed values 


8F. P. Zimmerli, W. P. Wood and G. D. Wilson, “The 
Effect of Temperature upon the Torsional Modulus of 
Spring Materials,’”’ Proceedings, Am. Soc. Testing Mats., 
ol. 30, Part II, p. 350 (1930). 
9J. W. Ludewig, ‘‘Torsional Moduli Variations a 


Spring Materials with Temperature,’’ Transactions, 


Am. Soc. Metals, Vol. 22, p. 833 (1934). 
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and the theoretical represents the elastic A typical torque-strain curve is show, Th 
deformation of the fillets and shanks in Fig. 4. The area under the cur, elast 
at th 
120 test, 
\ vary 
a 
100 ‘a { of ru 
& curv 
2 60 ener 
wi T 
corr 
40 scal 
© 700 r.p.m. Impact Test 
* /00r.p.m. Impact Test TABI 
20 © /5-sec. Static Test 
4 V4 4 /0-min. Static Test 
1.10 
| 7 
A... 200 300 400 500 600 $700 800 
Quenched Drawing Temperature, deg. Fahr. 
Fic. 5.—Effect of Drawing Temperature on Torsion Values of 1.10 Carbon Tool Steel Tested 
Various Speeds. 
Hardened by Brine Quenching at 1450 F., and Drawn as Shown. - 
120 
700r.p. per cent As b 
100 
350 
> 500 
¢ 80 on) 
700 
a 800 
60 
All 
145 
vu 
40 Fig 
ene 
& 20 val 
of 
as 
0 g 
io* 07% 10° 10 100 1000 
Rotational Speed, radians per second Ps 
€ 
_ Fic. 6.—Effect of Speed on the Breaking Energy Expressed as Percentage of the Value Obtained # age 
700 r.p.m. for Various Drawing Temperatures. : 
1.10 Carbon Tool Steel, Brine Quenched at 1450 F. Di 


of the specimens. This correction was represents work in inch-pounds and ©! 
then applied to the deformation values be measured by a planimeter or by ! on 
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The question may arise as to the 
elastic energy released from the specimen 
at the time of rupture. In the impact 
test, this is returned to the flywheel in 
varying degree, according to the locus 
of rupture. From the static test it has 
been found that the elastic energy in- 
volved is in the order of 10 ft-lb. In 
the integration of the torque-strain 
curve in the static test, one half of this 
energy has been included. 

The data used in Figs. 5 and 6, with 
corresponding Rockwell hardness, ‘“C” 
scale, values, are shown in Table I. 


TABLE I.—BREAKING ENERGY IN TORSION AT 
VARIOUS SPEEDS AND DRAWING 
TEMPERATURES. 
1.10 per cent carbon tool steel, brine quenched 1450 F., 
and drawn as shown. 


Breaking Energy, ft-lb. 


Eg 
Drawing oft | Ses 
deg. Fahr. | we = 
g. Fahr ~ 3 
| $8 
As brine quenched..| 35 | 30 20 6 66 
66 54 34 65 
120 102 60 63 to 64 
119 100 | 72 | 62 to 63 
102 90 68 61 to 62 
52 45 41 58 to 59 
68 64 61 54 
84 78 77 50 to 51 
9 | 9 88 | 47 


All specimens were brine quenched from 
1450 F., and drawn at 212 to 800F. 
Figure 5 shows the relation of breaking 
energy to drawing temperature at 
various speeds. In Fig. 6 the relation 
of breaking energy to speed is shown in 
a series of curves. It is convenient to 
compare the speeds by using the 700 
r.p.m. test as a standard and to denote 
the values at lower speeds as a percent- 
age of the value obtained at this velocity. 


Discussion of Results: 


In Fig. 5 the curve of data obtained 
on the impact machine at 700 r.p.m. 


SPEED ON 


THE Torsion Impact TEst 1297 
(73 radians per second) is a typical 
torsion impact curve of 1.10 per cent 
carbon tool steel as shown in previous 
papers.*:* It is of interest to note 
that the curve at 100 r.p.m. (10.5 
radians per second) has the same magni- 
tude and form as that obtained at the 
higher velocity. It appears, in con- 
firmation of the limited evidence in the 
first paper,? that the torsion impact 
values will be consistent over the full 
range of speed available from the 
standard machine. The values obtained 
by the 15-sec. static test (0.1 radians 
per second) fall along a curve similar in 
form, but with a magnitude somewhat 
lower at temperatures below 400 F. 
With a drawing temperature above this 
range, the static tests agree more closely 
with impact values. The curve repre- 
senting the 10-min. static test (0.001 
radians per second) shows, below 400 F., 
an even greater displacement from the 
impact figures, although of the same 
form. At the higher drawing tempera- 
tures, this curve also closely approaches 
the others. The effect of speed over the 
drawing range is shown in Fig. 6 some- 
what more strikingly. It will be noted 
that at a drawing temperature of 200 F., 
the breaking energy of the 10-min. test 
is but 30 per cent of that at 700 r.p.m. 
At 350 F., this ratio has risen to 50 per 
cent, and at the highest draw, 800 F., the 
value is over 90 per cent of the impact 
figure. Furthermore, the percentage 
difference decreases uniformly with in- 
crease of speed of test. 

The discrepancies existing between the 
impact tests and the static tests at low 
drawing temperatures is sufficiently large 
to warrant some explanation as to its 
cause. It has been shown in numerous 
papers’®.'' that high internal stresses are 


10H. Scott, ‘“The Origin of Quenching Cracks,’’ Scientif- 
ic Paper No. 513, Nat. tet Standards (1925). 

uQ. V. Greene, ‘Estimation of Internal Stress in 
Quenched Hollow Cylinders of Carbon Tool Steel,” 
Transactions, Am. Soc. Metals, Vol. 18, p. 369 (1930). 
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set up in a quenched piece of steel which 
are not wholly relieved by tempering 
until temperatures of 509 F. or higher 
are reached. It is likewise well estab- 
lished that appreciable amounts of aus- 
tenite are retained in hardened steel and 
persist at least in part up to temperatures 
of 400 to 450 F. Specimens, then, which 
have not been reheated above 400 F. are 
characterized by the presence of retained 
austenite and varying amounts of inter- 
nal stresses. 

Considerable evidence has been pre- 
sented* to prove that the peak in the 
impact curve is due to a combination of 
stress relief and the cushioning effect of 
the retained austenite, the disappearance 
of which is accompanied by a sharp drop 
in toughness and ductility, as evinced by 
the deep valley in the curve at 500 F. 
The decomposition of austenite at room 
temperature is known to be affected by 
the presence of high pressure or stresses, 
and a tensile load has been demonstrated 
to accelerate the rate of austenitic de- 
composition. Mechanical work encour- 
ages atomic mobility and thus aids in 
the tendency to approach equilibrium, 
which here involves the breaking down 
of austenite to more stable aggregates. 
It is thought that at low speeds of test- 
ing, stress is applied so slowly that the 
conditions of metastable equilibrium are 
upset, and the austenite is given an 
opportunity to decompose and thus 
replace a ductile phase with one that is 
hard and brittle. Failures at low defor- 
mation values are the result. The 
mechanism of the reaction is entirely 
similar to the tendency of a supercooled 
solution to establish equilibrium condi- 
tions when the system is disturbed. 

Faster testing reduces the time during 
which the austenite-martensite reaction 
can proceed automatically, and conse- 
quently the breakdown of the austenite 
is restricted to that caused directly by 
cold work. Therefore the familiar duc- 
tility of austenite is evinced and larger 
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deformations are possible. It is further 
believed that in specimens in the as. 
quenched condition, and as drawn below 
350 F., the presence of high interna] 
stresses enhances their sensitivity to the 
above phenomenon. At drawing tem- 
peratures resulting in the complete de- 
composition of austenite, speed is found 
to have very little effect on torsion 
values. 

From this study of speed, the inference 
may be drawn that the torsion impact 
test is a fast static test, which coincides 
with the assertions made by Mann’ that 
all impact tests below a critical velocity 
peculiar to the material are in reality 


static in nature. 
wf 
Summary: 


1. The modulus of torsion of hardened 
and drawn 1.10 per cent carbon tool steel 
was found to be about 10,800,000 psi. 

2. The torsion impact values were 
found to be consistent over the range of 
speed investigated. 

3. Both impact and static tests show 
the same shape of curve when breaking 
energies are plotted against drawing 
temperature, but at temperatures below 
400 F. values decrease as speed of test 
is decreased. 

4. For drawing temperatures above 
400 F., there is a good agreement at all 
velocities of testing. 

5. An explanation is offered to account 
for the low breaking energies obtained 
with low testing speeds for drawing tem- 
peratures below 400 F. It is suggested 
that the application of stress encourages 
the tendency of austenite to decompose 
to a less ductile structure, which, how- 
ever, involves a definite time factor. 
The extent of this action is thus depend- 
ent on the duration of test, which, ! 
short enough, causes it to become neg- 
ligible and permits the full cushioning 
effect of the austenite. 

6. The torsion impact test can be re- 
garded as a rapid static test. 
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SUMMARY OF PROCEEDINGS OF THE COLUMBUS 
REGIONAL MEETING 


SYMPOSIUM ON LIME 
SYMPOSIUM ON THERMAL INSULATING MATERIALS 


The tenth regional meeting of the Society was held in Columbus, Ohio, 
at the Deshler-Wallick Hotel, on Wednesday, March 8, 1939, in conjunction 
with the Spring Group Meeting of A.S.T.M. Committees. The regional 
meeting consisted of two formal technical symposiums—one on Lime, and 
the other on Thermal Insulating Materials. 


Symposium on Lime: 


A morning and afternoon session of the meeting were devoted to the 
Symposium on Lime, sponsored by Committee C-7 on Lime. While Com- 
mittee C-7 acted as a committee of the whole, six of its members were 
directly responsible for its development, as follows: 


James R. Withrow (Chairman), Chairman and Professor, Department of 
Chemical Engineering, and Consulting Chemical Engineer, Ohio State 
University. 

John W. Stockett, Jr. (Secretary), Secretary, National Lime Assn. 

F. O. Anderegg, Consulting Specialist on Building Materials, Owens-Corning 
Fiberglas Co. 

L. E. Johnson, Secretary and General Manager, The Finishing Lime Assn. 
of Ohio. 

James O. Pence, Instructor in Chemical Engineering, Ohio State University. 

J. C. Pearson, Director of Research, Lehigh Portland Cement Co. (repre- 

senting Committee E-6 on Papers and Publications). 


This symposium covers a number of fundamental aspects, certain re- 
search angles, and deals especially with problems in the practical application 
of lime in its various forms. The symposium consisted of the following 
twelve papers: 


“Lime Investigations—an Introduction to the Symposium on Lime,” by 
James R. Withrow. 

“Variations in Properties of Dolomitic Lime Putties with Method of Hydra- 
tion,” by John E. Conley, Associate Chemical Engineer, U. S. Bureau 
of Mines. 

“The Hydration of Magnesian Lime and the Autoclave Test,” by F. C. 
Welch, Chemist, The Western Lime and Cement Co. 

‘Manufacturing Lime for the Glass Industry,” by A. H. Nieman, Chemist, 
The Ohio Hydrate and Supply Co. 

“Factors Affecting Milks of Lime Employed in Industry,” by D. E. Wash- 

burn, Chief Chemist, American Lime and Stone Co. 
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“Quality of Lime Desired for Water Treatment,” by Charles P. Hoover, Chief 
Chemist, Columbus Water Works. five 
“Prevention of After-Precipitation in Lime-Treated Industrial and Municipal 
Waters by Threshold Treatment,’ by Owen Rice, Research Engineer, 
Everett P. Partridge, Director of Research, and R. E. Hall, Director, 

Hall Laboratories, Inc. 
“Soil Acidity and Liming, and Some Factors That Should Determine the 
Standards for Lime for the Soil,” by Elmer 0. Fippin, Agricultural 
Adviser, Department of Agricultural Relations, Tennessee Valley 

Authority. 

“Criteria for the Evaluation of Agricultural Ground Limestone,” by R. M. 
Salter, Professor of Agronomy, Ohio State University, and C. J. Schollen- 
berger, Associate in Agronomy, Ohio Agricultural Experiment Station. 

“Preliminary Investigation of the Determination of Fluorine in Lime,” by 
C. J. Koehler, In Charge of Lime and Calcium Carbonate, Research and 
Quality Dept., National Gypsum Co. 


_ “Fundamental Mechanics of Calcination and Hydration of Lime and Methods T 

of Control,” by Victor J. Azbe, Consulting Engineer, St. Louis, Mo. H | 

“Lime Characteristics and Their Effect on Construction,’ by Walter C. - 
Voss, Professor of Building Construction, Massachusetts Institute of T 
rechnology. amc 

The chairman at the sessions was Mr. Withrow, who was assisted by tain 
Mr. Anderegg as co-chairman. a disc 
‘ 
Symposium on Thermal Insulating Materials: lati 
An afternoon session of the regional meeting comprised a Symposium on T 
Thermal Insulating Materials, held simultaneously with the Symposium 250 


on Lime, and sponsored jointly by Committee C-16 on Thermal Insulating 
Materials and Committee C-8 on Refractories. 

The committee immediately in charge of the program consisted of the 
following: 


J. H. Walker (Chairman), Engineer Assistant to General Manager, The 
Detroit Edison Co. 

C. B. Bradley, Research Physicist, Johns-Manville Research Laboratories. 

E. T. Cope, Research Dept., The Detroit Edison Co. 

R 

H 


E. Cryor, Research Engineer, Union Asbestos and Rubber Co. 

C. Dickinson, Chief, Heat and Power Division, National Bureau of 

Standards. 

Q. E. Harder, Assistant Director, Battelle Memorial Inst. 

R. H. Heilman, Senior Industrial Fellow, Mellon Institute of Industrial 
Research. 

M. F. Skinker, Associate Director of Research, Consolidated Edison Co. of 

N. Y., Inc. (representing Committee E-6 on Papers and Publications). 


The purpose of the symposium was to point out important problems in 
the field of standardization and research which will need to be considered 
carefully by Committee C-16, and also to present the latest thoughts and 
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suggestions on various points. The symposium consisted of the following 
five papers: 


“Introduction,” by J. H. Walker. 

“Factors Influencing the Thermal Conductivity of Non-Metallic Materials,” — 
by J. B. Austin, Research Laboratory, United States Steel Corp. 

“A Discussion on Test Methods for Determining Physical Properties of 
Plastic and Preformed Thermal Insulations,” by H. H. Rinehart, Insula- 
tion Engineer, Johns-Manville Research Laboratories. 

“(ne Consumer’s Problems in Selecting Heat Insulation,” by E. T. Cope, 
Research Dept., and W. F. Kinney, Production Dept., The Detroit 
Edison Co. 

“The Effect of Solar Radiation on the Heat Transmission Through Walls,” — 
F. C. Houghten, Director, Carl Gutberlet, Research Assistant, and Albert 7 
A. Rosenberg, Research Engineer, Research Laboratory, American So- 

ciety of Heating and Ventilating Engineers. ; 


The chairman of the session was Mr. Walker, who was assisted by Mr. id 
Harder as co-chairman. 


The papers in both of the above symposiums elicited a considerable 
amount of discussion which contributed greatly to the information con- 
tained in the papers. The papers of the two symposiums, complete with 
discussion, have been published by the Society as separate volumes entitled, 
respectively, “Symposium on Lime,” and “Symposium on Thermal Insu- | 
lating Materials.” 

The three technical sessions were very well attended, there being about 
250 present at each session. = 
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A 
Abrasion. 


Degradation of Aggregates Under Road 
Rollers. Tilton E. Shelburne, 950. Dis- 
cussion, 969. 


Absorption. 
Proposed Method of Test for Stabilization 
of Soils with Emulsified Asphalt. Report 
of Committee D-18, Appendix IV, 507. 
Research in Soil Stabilization with Emulsified 


Asphalt. C. L. McKesson, 1123. Dis- 
Accelerated Tests, 
See Abrasion; Corrosion; Weathering. : 
Acidity. 
See Neutralization Number. 
Acid Resistance. ay 


A Flow Method for the Determination of the 
Effects of Soluble Chemicals on Concrete. 
Dalton G. Miller, Charles F. Rogers, and 
Philip W. Manson, 900. Discussion, 908. 

Nickel-Molybdenum-Iron and Related Alloys 
—Their Physical and Corrosion-Resistant 


Properties. F. T. McCurdy, 698. Dis- 
cussion, 710. 

Adhesion. 

Evaluating the Adhesive Properties of 
Asphalt. August Holmes, 1140. Dis- 


cussion, 1150. 

Testing Elasticity and Hardness of House 
Paints. W. H. Hoback. Abstracted in 
ASTM Bu ttetin, No. 102, January, 1940, 
p. 12. 


Admiralty Metal. 


Service and Life of Non-Ferrous Tubes in 
Petroleum Refining. E. S. Dixon. Pub- 
lished in ASTM Butietin, No. 102, Janu- 
ary, 1940, p. 21. Discussion, p. 25. 
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Aeration. 


The Aeration Test for Comparison of Thin- 


Aggregates. 


ners. D.D.Rubek. Abstracted in ASTM 
Buttetin, No. 102, January, 1940, p. 14. 


See also Sand; Slag; Stone. 


Concrete and Concrete Aggregates. Report 
of Committee C-9, 357. 
Degradation of Aggregates Under Road 


Rollers. Tilton E. Shelburne, 950. Dis- 

cussion, 969. 

Lean Concrete Mixes—a Study of the Effect 
of Cement Content, Cement Fineness on 
Compressive Strength, Durability and 
Volume Change of Concrete. Ernst 
Gruenwald, 810. Discussion, 841. 

Modified Procedure for Testing Concrete 
Aggregate Soundness by Use of Magnesium 
Sulfate. Charles E. Wuerpel, 882. 
Appendix: Proposed Method of Test for 

Soundness of Aggregates by Use of 
Magnesium Sulfate, 885. 

Discussion, 890. 

New Laboratory Method for Determin ng 
the Organic Matter in Washed Fine 
Aggregates. Ira Paul, 892. 

Appendix: Proposed Method of Test for 
Organic Impurities in Laboratory 
Washed Sand by pH Value, 898. 

Discussion, 899. 

Report on Cooperative Tests for Sieve Anal- 
ysis of Mineral Fillers. Sponsored by Sub- 
committee B-9, Committee D-4, on Size of 
Aggregates, 430. 

Road and Paving Materials. 
Committee D-4, 421. 

Selection of Aggregates for Concrete Pave- 
ment Based on Service Records. Curtis 
Cantrill and Louis Campbell, 937. Dis- 
cussion, 946. 


Report of 
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Aggregates (Continued): 

Thermal Volume Change and Elasticity of 
Aggregates and Their Effect on Concrete. 
T. F. Willis and M. E. De Reus, 919. 
Discussion, 929. 

Agriculture. 

Summary of Proceedings of the Columbus 
Regional Meeting—Symposium on Lime, 
1299. 

Aircraft. 


Burst Test Data on Laminated Glass. W. R. 
Koch and E. J. Wyrostek. Published in 
ASTM Bu ttetin, No. 103, March, 1940. 
Discussion. 


Alkalinity. 
See Neutralization Number. 


a 


Alloys, Non-Ferrous. 

See also Aluminum; Brass; Bronze; Copper; 
Electrical-Resistance and Heating Alloys; 
Magnesium ; Zinc. 

Atmospheric Corrosion of 
Metals and Alloys. 

Discussion, 685. 

Chemical Analysis of Metals. 
Committee E-3, 529. 

{ Copper and Copper-Alloy Wires for Elec- 
trical Conductors. Report of Committee 


Non-Ferrous 
Carl W. Borgmann, 


Report of 


B-1, 238. 
_ Copper and Copper Alloys, Cast and 
Wrought. Report of Committee B-5, 263. 


_ Correlation of Some Mechanical Tests of 
Aluminum Alloys with X-ray Tests. Tom 
A. Triplett and W. Lavern Howland, 749. 
Discussion, 764. 

" Corrosion of Non-Ferrous Metals and Alloys. 

_ Report of Committee B-3, 245. 

¥ Die-Cast Metals and Alloys. 
Committee B-6, 277. 

4 Effect of Temperature on the Properties of 
Metals. Report of Joint Research Com- 
mittee, 211. 

q Electrical-Heating, Electrical-Resistance and 
Electric-Furnace Alloys. Report of Com- 
mittee B-4, 256. 

Exposure Tests of Plating on the Non-Ferrous 
Metals. Report of Joint Committee, 304. 

Galvanic and Electrolytic Corrosion. Report 
of Subcommittee VIII, Committee B-3, 247. 

Light Metals and Alloys, Cast and Wrought. 
Report of Committee B-7, 297. 


Report of 
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Mechanical Properties of Copper and |; 
Alloys at Low Temperatures: a Revie, 
Cyril Stanley Smith, 642. 

Metallography. Report of Committee f4 
531. 

Nickel-Molybdenum-Iron and Related 4j. 
loys—Their Physical and Corrosion-Resig 
ant Properties. F. T. McCurdy, 
Discussion, 710. 

Non-Ferrous Metals and Alloys. 
Committee B-2, 243. 

Proposed Revisions in Standards for Light 
Metals and Alloys. Report of Committe 
B-7, Appendix, 301. 


Report 


Round-Table Discussion on Fundament:! 
Methods and Technique of Spectn. 
chemical Analysis. Summary of Pp 


ceedings of the 
Meeting, 22. 

Service and Life of Non-Ferrous Tubes 
Petroleum Refining. E. S. Dixon. Pub- 
lished in ASTM Bu tetin, No. 102, Janv- 
ary, 1940, p. 21. Discussion, p. 25. 

Some Mechanical Tests on Aluminum Alloys 
14S-T and 24S-T. W. B. Mechling and 
S. S. Jack, 769. Discussion, 779. 

Spectral Emissivity (at 0.65) of Some Alloys 
for Electrical Heating Elements. W. | 
Roeser, 780. 

The Spectrographic Analysis of Tir 
J. Warren Stewart, 788. Discussion, 794 


Forty-second Annual 


Spectrographic Analysis. Report of Com 
mittee E-2, 527. 
< 
Alloy Steel. 


See also Corrosion-Resisting Alloy Steels; 
Steel. 

Effect of Temperature on the Properties of 
Metals. Report of Joint Research Com- 
mittee, 211. 

Iron-Chromium, Iron-Chromium-Nickel and 
Related Alloys. Report of Committee 
A-10, 192. 

Magnetic Properties. 
A-6, 183. 

Report of Special Subcommittee on Inspec: 
tion of Stainless Steel Architectural Struc 
tures. Report of Committee A-10, Ap 
pendix I, 197. 

Report on Metallographic Examination of 18 
per cent Chromium, 8 per cent Nickel 
Steels. Report of Committee A-10, Ap 
pendix II, 203. 


Report of Committee 
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Sub-Size Charpy Relationships at Sub-Zero 
Temperatures. H. Habart and W. J. 
Herge, 649. 

Uncoated corrosion-resistant steel specimens 


of wire, Report on Original Characteristics - 


of Wire and Wire Products Involved in 
Field Exposure Tests, Report of Com- 
mittee A-5, 141. 


Aluminum. 

Correlation of Some Mechanical Tests of 
Aluminum Alloys with X-ray Tests. Tom 
A. Triplett and W. Lavern Howland, 749. 
Discussion, 764. 

Die-Cast Metals and Alloys. 
Committee B-6, 277. 

Galvanic and Electrolytic Corrosion. Report 
of Subcommittee VIII, Committee B-3, 247. 

Light Metals and Alloys, Cast and Wrought. 
Report of Committee B-7, 297. 

Proposed Revisions in Standards for Light 
Metals and Alloys. Report of Committee 
B-7, Appendix, 301. 

Service and Life of Non-Ferrous Tubes in 
Petroleum Refining. E. S. Dixon. Pub- 
lished in ASTM Buttettn, No. 102, Janu- 
ary, 1940, p. 21. Discussion, p. 25. 

Some Mechanical Tests on Aluminum Alloys 
14S-T and 24S-T. W. B. Mechling and 
S. S. Jack, 769. Discussion, 779. 

Analyses. 

See Chemical Analyses. 

(Methods of analyses, testing, etc., are also 
indexed under the materials and subjects 
covered by them.) 

Annual Meeting. 

Annual Report of the Executive Committee, 
39. 

Glimpses at Petroleum. Annual Address by 
the President, T. G. Delbridge, 32. 

Summary of the Proceedings of the Forty- 
second Annual Meeting, 1. 

Thirteenth Award of the Charles B. Dudley 
Medal. Summary of Proceedings of the 
Forty-second Annual Meeting, 14. 

Anodic Oxidation. 

Light Metals and Alloys, Cast and Wrought. 

Report of Committee B-7, 297. 
Anthracite. 
See Coal. 


Apparatus. 
See Testing Apparatus. 
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Asbestos. 


Textile Materials. 
D-13, 482. 


Asphalt. 


See also Asphalt, Emulsified. a 
Bituminous Waterproofing and Roofing Ma- 
terials. Report of Committee D-8, 447. 
Evaluating the Adhesive Properties of 
Asphalt. August Holmes, 1140. Dis- 
cussion, 1150. 

Road and Paving Materials. 
Committee D-4, 421. 

Some Factors Affecting the Thermal Sus- 
ceptibility of Asphaltic Paving Mixtures. 
Roland Vokac, 1153. Discussion, 1158. 


Report of Committee 


Report of 


Asphalt, Emulsified. 


Proposed Method of Test for Stabilization of 
Soils with Emulsified Asphalt. Report of 
Committee D-18, Appendix IV, 507. 

Proposed Methods of Testing Emulsion for 
Use in Densely Graded Cold Asphaltic 
Mixes. Published in ASTM BvuLLet1n, 
No. 101, December, 1939, p. 34. 

Research in Soil Stabilization with Emulsified 
Asphalt. C. L. McKesson, 1123. Dis- 
cussion, 1134. 

Road and Paving Materials. 
Committee D-4, 421. 


Report of 


Atmospheric Exposure. 
See Corrosion; Weathering. 


Autoclave Test. 


Results of Tests on Comparative Sample No. 
2 of the Cement Reference Laboratory. 
Report of Committee C-1, Appendix, 323. 


Automotive Materials. 

The Use of Radiography in the Development 
of Castings for Mass Production. Don M. 
McCutcheon. Published in ASTM BuLte- 
TIN, No. 103, March, 1940. Discussion. 


B 
Balance. 

Load-Weighing and Load-Indicating Sys- 
tems. C. H. Gibbons. Published in 
ASTM Buttetrn, No. 100, October, 1939, 
p. 7. Discussion, p. 13. 

Barbed Wire. 

Field Tests of Metallic Coatings. Report of 

Subcommittee VIII, Committee A-5, 99. 
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Barbed Wire (Continued): 

Report on Original Characteristics of Wire 
and Wire Products Involved in Field 
Exposure Tests, 101. . 

Report of Wire Inspection Committee on 

Field Tests of Wire and Wire Products, 
The Effect of Biot’s Modulus on Transient 
Thermal Stresses in Concrete Cylinders. 
Gerald Pickett, 913. 
Bituminous Coal. 
See Coal. 


Bituminous Materials. 


See Asphalt; Asphalt, Emulsified ; Petroleum — 


Products; Roofing Materials; Water- 


proofing Materials. 
Boiler Feedwater. 

Boiler Feedwater Studies. Report of the 
Joint Research Committee. Published in 
ASTM BuLtetin, No. 99, August, 1939, 
p. 52. 

Determination of the Evaporation Method of 
Small Amounts of Dissolved Solids in 
Water Such as Condensed Steam from 
Boilers. R. C. Ulmer, 1221. Discussion, 
1228. 

Water for Industrial Uses. 
mittee D-19, 512. 

Brass. 

SeealsoCopper, 

Exposure Tests of Plating on the Non- 
Ferrous Metals. Report of Joint Com- 
mittee, 304. 

Fatigue Tests of Wire. C. P. Wampler and 
N. J. Alleman. Published in ASTM 
BULLETIN, No. 101, December, 1939, p. 13. 
Discussion, p. 17. 

Nomenclature and Classification of Cast 
Copper and Copper-Base Alloys, by Sam 
Tour. Report of Committee B-5, Appen- 
dix, 271. 

Service and Life of Non-Ferrous Tubes in 
Petroleum Refining. E. S. Dixon. Pub- 
lished in ASTM Buttetrn, No. 102, Janu- 
ary, 1940, p. 21. Discussion, p. 25. 

Breaking Strength. 

See Tension Testing. 
Brick. 

Disintegration of Face Brick by Crystalliza- 
tion of Soluble Salt. J. M. Hardesty, 971. 
Discussion, 976. 


Report of Com- 
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and Service in Continuous Ply, 


Industrial Survey of Conditions Surroundizy 


Glass and Window Glass Furnaces, 
port of Committee C-8, Appendix II, 349 
Industrial Survey of Conditions Surroundig, 
Refractory Service in Lime Burning. k, 
port of Committee C-8, Appendix I, 345, 
Manufactured Masonry Units. Report ¢ 
Committee C-15, 375. 
Refractories. Report of Committee C-8 33 


Bridge Wire. 
Fatigue Tests of Wire. C. P. Wampler an 
N. J. Alleman. Published in ASTy 


BULLETIN, No. 101, December, 1939, p. 1; 
Discussion, p. 17. 
See Hardness Testing. q 
Brittleness Test. 
A Work-Brittleness Test for Steel. H. \\ 
Graham and H. K. Work, 571. D 


cussion, 581. 
See also Copper. 
Nomenclature and Classification of Ca 
Copper and Copper-Base Alloys, by Sar 
Tour. Report of Committee B-5, Appe 
Gx, 271. 
Building Brick. 


Brinell Hardness. 


Bronze. 
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See Brick. 


Building Tile. 
See Tile. 
Burst Test. 
Burst Test Data on Laminated Glass. W.% 
Koch and E. J. Wyrostek. Published 
ASTM Buttettn, No. 103, March, 1% 
Discussion. 


Cable. 
Copper and Copper-Alloy Wires for Ele 
trical Conductors. Report of Committe: 
B-1, 238. 


Capillary Action. 


Methods for Measuring the Passage of Water 


Through Concrete. W. M. Dunagan, 8 


Discussion, 881. 


Some Observations of the Water Vap 


of Concrete. H. J. 


Cement 
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SUBJECT 


Carbon Dioxide. 


The Calculation of the Distribution of Car- 
bon Dioxide Between Water and Steam. 
A. M. Amorosi and J. R. McDermet, 1204. 
Discussion, 1218. 


Carbon Residue Test. 

Results of carbon residue tests by A.S.T.M. 
Standard Method D 189 (Conradson carbon 
residue) and Ramsbottom method of the 
Institute of Petroleum (Great Britain), 393. 


Castings. 

See also Alloy Steel; Aluminum; Brass; 
Bronze; Cast Iron; Copper; Die Castings; 
Magnesium; Malleable Iron; Steel. 

The Use of Radiography in the Development 
of Castings for Mass Production. Don M. 
McCutcheon. Published in ASTM BuLtr- 
min, No. 103, March, 1940. Discussion. 


Cast Iron. 

Cast Iron. Report of Committee A-3, 92. 

Influence of Chromium on the Oxidation 
Resistance of Cast Iron. C. O. Burgess, 
604. Discussion, 623. 

Mechanical Properties of a High-Strength 
Cast Iron. Jasper O. Draffin and W. L. 
Collins, 589. Discussion, 603. 

The Relation ‘of Carbon Nodule Size and 


Tensile Properties of Malleable Cast Iron. 
H. A. Schwartz, H. J. Schindler and J. F. 
Elliott, 583. Discussion, 585. 


Catalytic Method. 


The Determination of Organic Sulfur in 
Gases by the Catalytic Hydrolysis Method. 
Lawrence T. Jilk, 1159. Discussion, 1169. 


Cement. 


Cement Reference Laboratory. Report of 
Subcommittee, Committee C-1, 321. 

Cement. Report of Committee C-1, 307. 

The Effect of Variations in Method upon 
the Results of Freezing and Thawing 
Mortars. Bert Myers, 930. 

Lean Concrete Mixes—a Study of the Effect 
of Cement Content, Cement Fineness on 
Compressive Strength, Durability and 
Volume Change of Concrete. Ernst 
Gruenwald, 810. Discussion, 841. 

Methods of Chemical Analysis. Report of 
Working Committee, Committee C-1, 314. 

Outline of Cooperative Studies of Various 
Types of Soundness Tests. Sponsored by 


INDEX 
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Working Committee, Committee C-1, on 

Volume Change and Soundness, 312. 

Proposed Methods of Test for: 

Durability of Compacted Soil-Cement 
Mixtures by Repeated Freezing and 
Thawing. Report of Committee D-18, 
Appendix IT, 501. 

Durability of Compacted Soil-Cement 
Mixtures by Repeated Wetting and 
Drying. Report of Committee D-18, 
Appendix IIT, 504. 

Moisture-Density Relations of Soil-Cement 
Mixtures. Report of Committee D-18, 
Appendix I, 498. 

Results of Tests on Comparative Sample 
No. 2 of the Cement Reference Laboratory. 
Report of Committee C-1, Appendix, 323. 

Specifications for Plastering. Report of 
Sectional Committee, 370. 

Specific Surface and Particle Size Distribu- 
tion of Finely Divided Materials. M. N. 
States, 795. Discussion, 808. 

Tests of Additions to Cement. Report of 
Subcommittee, Committee C-1, 333. 


Ceramic Material. 
See also Clay; Refractories. 


Photoelastic Analysis of a Prestressed Beam. 


F. O. Anderegg, Royal Weller and B. Fried, 
979. Discussion, 983. 


Chain-Link Fence. 


Field Tests of Metallic Coatings. Report of 
Subcommittee VIII, Committee A-5, 99. 


Report on Original Characteristics of Wire 
Report of > 


and Wire Products Involved in Field 
Exposure Tests, 101. 

Report of Wire Inspection Committee on 
Field Tests of Wire and Wire Products, 
156. 


Charpy Impact. 
See Impact Testing. 


Chemical Analyses. 
Chemical Analysis of Metals. 
Committee E-3, 529. 
Chemical Removal of Corrosion Products in 
the Determination of the Corrosion Rate 
of Zinc. E. A. Anderson and C. E. Rein- 
hard, 691. Discussion, 697. 
The Determination of Organic Sulfur in Gases 
by the Catalytic Hydrolysis Method. 
Lawrence T. Jilk, 1159. Discussion, 1169. 
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_ Chemical Analyses (Continued): 


a 


Chromium-Nickel Alloys. 


Field Tests of Metallic Coatings. Report of 


Subcommittee VIII, Committee A-5, 99. 

Report on Original Characteristics of Wire 
and Wire Products Involved in Field 
Exposure Tests, 101. 

Report of Wire Inspection Committee on 
Field Tests of Wire and Wire Products, 
156. 

Methods of Chemical Analysis of Portland 
Cement. Report of Working Committee, 
Committee C-1, 314. 

Results of Tests on Comparative Sample 
No. 2 of the Cement Reference Laboratory. 
Report of Committee C-1, Appendix, 323. 

Round-Table Discussion on Fundamental 
Methods and Technique of Spectro- 
chemical Analysis. Summary of Pro- 
ceedings of the Forty-second Annual 
Meeting, 22. 

Spectrographic Analysis. Report of Com- 
mittee E-2, 527. 


Chert Gravel. 


See also Aggregates. 

Selection of Aggregates for Concrete Pave- 
ment Based on Service Records. Curtis 
Cantrill and Louis Campbell, 937. Dis- 

cussion, 946. _ 


Chromium. 


Exposure Tests - Plating on the Non- 
Ferrous Metals. Report of Joint Com- 
mittee, 304. 

Influence of Chromium on the Oxidation 
Resistance of Cast Iron. C. O. Burgess, 

604. Discussion, 623. 


See Alloy Steel; Corrosion-Resisting Alloy 
Steels; Electrical-Resistance and Heating 
Alloys. 


4 Clay. 


Symposium on Shear Testing of Soils: 
Torsion Shear Tests and Their Place in 
the Determination of the Shearing Re- 
sistance of Soils. M. Juul Hvorslev, 999. 
Some Practical Aspects of Soil Shear 
Testing. Gregory P. Tschebotareff, 
1023. 
Essential Features of Triaxial Shear Tests 
C. A. Hogentogler and E. S. Barber, 
1028. 
A Triaxial Compression Apparatus for the 
Determination of the Stress-Deforma- 


SuBjecT INDEX 


tion Characteristics of Soils. Joby ; 
Watson, 1046. 

A Comparison of Results of Direct s 
and Cylindrical Compression Te 
Donald W. Taylor, 1058. 

Some Investigations of the Shearing , 
sistance of Cohesionless and Cohes 
Materials. D. M. Burmister, 1071, 

The Shearing Resistance of Soijj- 
Measurement and Practical Significay 
W. S. Housel, 1084. 

The Effects of Internal Hydrostatic p; 


sure on the Shearing Strength of § 
L. W. Hamilton, 1100. 
General Discussion, 1122. 


Coal. 
Classification of Coals. Report of Secti 
Committee, 436. 
Coal and Coke. Report of Committee D-: 


432. 
Coke. if 


Coal and Coke. Report of Committee ) 
432. 


Color Tests. 


A Method of Representing Color. Fra 
Scofield. Abstracted in ASTM Butter 
No. 102, January, 1940, p. 11. 

Some Fundamental Requirements of Col 
imeters and Reflectometers. Richard 
Hunter. Abstracted in ASTM Butter 
No. 102, January, 1940, p. 11. 


Compression Testing. 


A Comparison of Results of Direct Shear 
Cylindrical Compression Tests. Don 
W. Taylor, 1058. 

Disintegration of Face Brick by Crystalliz 
tion of Soluble Salt. J. M. Hardesty, ¥ 
Discussion, 976. 

Lean Concrete Mixes—a Study of the Efe 
of Cement Content, Cement Fineness 
Compressive Strength, Durability # 
Volume Change of Concrete. Er 
Gruenwald, 810. Discussion, 841. 

Mechanical Properties of a High-Streng 
Cast Iron. Jasper O. Drafiin and W.! 
Collins, 589. Discussion, 603. 

Properties of Rubber Revealed by Mechanic 
Tests. Felix L. Yerzley. Published © 
ASTM BuLLETIN, No. 99, August, 1% 
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Some Factors Affecting the Thermal Sus- 
ceptibility of Asphaltic Paving Mixtures. 
Roland Vokac, 1153. Discussion, 1158. 

Some Mechanical Tests on Aluminum Alloys 
14S-T and 24S-T. W. B. Mechling and 
S. S. Jack, 769. Discussion, 779. 

A Statistical Analysis of Compression Tests 
on Mortar Cylinders, Cubes and Prisms. 
H. W. Leavitt and H. A. Pratt, 851. Dis- 
cussion, 859. 

A Triaxial Compression Apparatus for the 
Determination of the Stress-Deformation 
Characteristics of Soils. John D. Watson, 
1046. 


Concrete. 

Concrete and Concrete Aggregates. 
of Committee C-9, 357. 

Concrete Pipe. Report of Committee C-13, 
373. 

The Effect of Biot’s Modulus on Transient 
Thermal Stresses in Concrete Cylinders. 
Gerald Pickett, 913. 

A Flow Method for the Determination of the 
Effects of Soluble Chemicals on Concrete. 
Dalton G. Miller, Charles F. Rogers, and 
Philip W. Manson, 900. Discussion, 908. 

Lean Concrete Mixes—a Study of the Effect 
of Cement Content, Cement Fineness on 
Compressive Strength, Durability and 
Volume Change of Concrete. Ernst 
Gruenwald, 810. Discussion, 841. 

Manufactured Masonry Units. Report of 
Committee C-15, 375. 

Methods for Measuring the Passage of Water 
Through Concrete. W. M. Dunagan, 866. 
Discussion, 881. 

Modified Procedure for Testing Concrete 
Aggregate Soundness by Use of Mag- 
nesium Sulfate. Charles E. Wuerpel, 882. 
Appendix: Proposed Method of Test for 

Soundness of Aggregates by Use of 
Magnesium Sulfate, 885. 

Discussion, 890. 

New Laboratory Method for Determining the 
Organic Matter in Washed Fine Aggre- 
gates. Ira Paul, 892. 

Appendix: Proposed Method of Test for 
Organic Impurities in Laboratory 
Washed Sand by pH Value, 898. 

Discussion, 899. 

Round-Table Discussion on Freezing-and- 

Thawing Tests. Summary of Proceedings 
of the Forty-second Annual Meeting, 22. 


Report 


Conical Mandrel Test. 


Consistency. 


Rules Governing the Sanford E. Thompson 
Award. Report of Committee C-9, Ap- 
pendix, 265. 

Selection of Aggregates for Concrete Pave- 
ment Based on Service Records. Curtis — 
Cantrill and Louis Campbell, 937. Dis-_ 
cussion, 946. 

Some Observations of the Water Vapor — 
Permeability of Concrete. H. J. Barre 
860. 

Sonic Method of Determining the Modulus — 
of Elasticity of Building Materials Under 
Pressure. Leonard Obert, 987. Dis-— 
cussion, 996. 

A Statistical Analysis of Compression Tests 
on Mortar Cylinders, Cubes and Prisms. 
H. W. Leavitt and H. A. Pratt, 851. Dis- 
cussion, 859. 

Thermal Volume Change and Elasticity of 
Aggregates and Their Effect on Concrete. 
T. F. Willis and M. E. De Reus, 919. 
Discussion, 929. 


Condenser Tubes. 


Service and Life of Non-Ferrous Tubes in 
Petroleum Refining. E. S. Dixon. Pub- 
lished in ASTM Bu ttetin, No. 102, Janu- 
ary, 1940, p. 21. Discussion, p. 25. - 7 


The Conical Mandrel for Measuring Elonga- 
tion of Attached Films. H. G. Arlt. 
Abstracted in ASTM Bu ttetin, No. 102, 

See also Viscosity. 


January, 1940, p. 17. 
Development of a Consistency Test. R. a 


Sawyer. Abstracted in ASTM BuLtetin, 
No. 102, January, 1940, p. 18. 

Results of Tests on Comparative Sample 
No. 2 of the Cement Reference Laboratory. 
Report of Committee C-1, Appendix, 323. 


Cook Box Test. 


Cook Box Test for Anti-Corrosion Paints. 
E. W. McMullen. Abstracted in ASTM 
BULLETIN, No. 102, January, 1940, p. 17. 


Copper. 


Copper and Copper Alloys, Cast and 

Wrought. Report of Committee B-5, 263. 
Exposure Tests of Plating on the Non- 
Ferrous Metals. Report of Joint Com- 
mittee, 304. 
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Copper (Continued): 
Galvanic and Electrolytic Corrosion. 


Re- 
port of Subcommittee VIII, Committee 
B-3, 247. 


q Mechanical Properties of Copper and Its 


Alloys at Low Temperatures: a Review. 
Cyril Stanley Smith, 642. 


- Nomenclature and Classification of Cast 


Copper and Copper-Base Alloys, by Sam 
Tour. Report of Committee B-5, Appen- 
dix, 271. 


4 Service and Life of Non-Ferrous Tubes in 


Petroleum Refining. E. S. Dixon. Pub- 
lished in ASTM Buttetin, No. 102, 


January, 1940, p. 21. Discussion, p. 25. 


Copper-Bearing Steel. 


Corrosion of Iron and Steel. Report of 
Committee A-5, 94. 


Copper-Covered Wire. 


Field Tests of Metallic Coatings. Report of 
Subcommittee VIII, Committee A-5, 99. 
Report on Original Characteristics of Wire 
and Wire Products Involved in Field 
Exposure Tests, 101. 

Report of Wire Inspection Committee on 
Field Tests of Wire and Wire Products, 
156. 


Copper Wire. 


Copper and Copper-Alloy Wires for Elec- 
trical Conductors. Report of Committee 
B-1, 238. 


Corrosion. 


_ Atmospheric 


q 


See also Weathering. 

Corrosion of 
Metals and Alloys. 
674, Discussion, 685. 

Chemical Removal of Corrosion Products in 
the Determination of the Corrosion Rate 
of Zinc. E. A. Anderson and C. E. Rein- 
hard, 691. Discussion, 697. 

Cook Box Test for Anti-Corrosion Paints. 
E. W. McMullen. Abstracted in ASTM 
BULLETIN, No. 102, January, 1940, p. 17. 

Corrosion of Iron and Steel. Report of 
Committee A-5, 94. 

Corrosion of Non-Ferrous Metals and Alloys. 
Report of Committee B-3, 245. 

Exposure Tests of Plating on the Non- 
Ferrous Metals. Report of Joint Com- 
mittee, 304. 


Non-Ferrous 
Carl W.Borgmann, 
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Field Tests of Metallic Coatings. Report ¢ 
Subcommittee VIII, Committee A-5, 99 
Report on Original Characteristics of Wir 

and Wire Products Involved in Fie 
Exposure Tests, 101. 

Report of Wire Inspection Committee 
Field Tests of Wire and Wire Products 
156. 

Galvanic and Electrolytic Corrosion. Re. 
port of Subcommittee VIII, Committe 
B-3, 247. 

Influence of Chromium on the Oxidati 
Resistance of Cast Iron. C. O. Burges 
604. Discussion, 623. 

Iron-Chromium, Iron-Chromium-Nickel ané 
Related Alloys. Report of Committe 
A-10, 192. 

Nickel-Molybdenum-Iron and Related A) 
loys—Their Physical and Corrosion-Resist 
ant Properties. F. T. McCurdy. 69% 
Discussion, 710. 

The pH, Dissolved Iron Concentration an¢ 
Solid Product Resulting from the Reaction 
Between Iron and Pure Water at Roor 
Temperature. Richard C. Corey ané 
Thomas J. Finnegan, 1242. Discussion 
1254. 

Research. Report of Committee E-9, 535. 

Report of Special Subcommittee on Inspec- 
tion of Stainless Steel Architectural Struc- 
tures. Report of Committee A-10, Ap 
pendix I, 197. 

Service and Life of Non-Ferrous Tubes in 
Petroleum Refining. E. S. Dixon. Pub- 
lished in ASTM Buttetrn, No. 102, Janv- 
ary, 1940, p. 21. Discussion, p. 25. 


Corrosion-Resisting Alloy Steels. 


See also High-Temperature Service Materials. 

Iron-Chromium, Iron-Chromium-Nickel and 
Related Alloys. Report of Committee 
A-10, 192. 

Nickel-Molybdenum-Iron and Related Alloys 
—Their Physical and Corrosion-Resistast 
Properties. F. T. McCurdy, 698. Dis 
cussion, 710. 

Report on Metallographic Examination ¢ 
18 per cent Chromium, 8 per cent Nicke 
Steels. Report of Committee A-10, Ap 
pendix IT, 203. 

Report of Special Subcommittee on Inspec 
tion of Stainless Steel Architectural Struc 


tures. Report of Committee A-10, Appe™ 


dix I, 197. 
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Uncoated corrosion-resistant steel specimens 
of wire, Report on Original Characteristics 
of Wire and Wire Products Involved in 
Field Exposure Tests, Report of Com- 
mittee A-5, 141. ‘ 


Cotton and Cotton Products. 

Textile Materials. Report of Committee 
D-13, 482. 

Cracking. 


Testing Elasticity and Hardness of House 
Paints. W. H. Hoback. Abstracted in 
ASTM Buttetrn, No. 102, January, 1940, 
p. 12. 


Creep Tests. 

See also Temperature, Effect of 

Correlation of Test Results for Various Types 
of High-Temperature Tests Carried Out 
for the Joint Research Committee, prepared 
by E. A. Davis. Report of Joint Research 
Committee on Effect of Temperature on the 
Properties of Metals, Appendix III, 234. 

Effect of Temperature on the Properties of 
Metals. Report of Joint Research Com- 
mittee, 211. 

Report on Torsion Creep Tests for Com- 
parison with Tension Creep Tests on a 
Carbon-Molybdenum Steel, prepared by 
F. L. Everett and C. L. Clark. Report of 
Joint Research Committee on Effect of 
Temperature on the Properties of Metals 
Appendix I, 215. 

Stress, Strain, and Structural 
Edgar Marburg Lecture. H. F. 


549. 
Dampproofing. 


See Waterproofing Materials. 
Definitions of Terms. 
See Nomenclature. 


Degradation of Aggregates. 
Degradation of 


Damage. 
Moore, 


Under Road 


Aggregates 


Rollers. Tilton E. Shelburne, 950. Dis- 
cussion, 969, 
& 
Density. 


Proposed Method of Test for Moisture- 
Density Relations of Soil-Cement Mixtures. 
Report of Committee D-18, Appendix I, 
498. 

Detergents. 
See Soaps and Detergents. 
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Die Castings. 

Die-Cast Metals and Alloys. Report of 
Committee B-6, 277. 

Exposure Tests of Plating on the Non- 
Ferrous Metals. Report of Joint Com- 
mittee, 304. 

Magnesium Alloy Die Castings, by A. W. 
Winston. Report of Committee B-6, 
Appendix, 284. 

Tin- and Lead-Base Die-Casting Alloys. 
Report of Subcommittee III, Committee 
B-6, 282. 


Dilatometric Analysis. 
Metallography. Report of Committee E-4, 
531. 
Disintegration. 


Disintegration of Face Brick by Crystalliza- 
tion of Soluble Salt. J. M. Hardesty, 
971. Discussion, 976. 


Dissolved Solids. 
Determination by the Evaporation Method 
of Small Amounts of Dissolved Solids in 


Water Such as Condensed Steam from 
Boilers. R. C. Ulmer, 1221. Discussion, 
1228. 


The pH, Dissolved Iron Concentration and 
Solid Product Resulting from the Reaction 
Between Iron and Pure Water at Room 
Temperature. Richard C. Corey and 
Thomas J. Finnegan, 1242. Discussion, 
1254. 


Drilling, Resistance to. 
m The Resistance of High-Silicon Malleable 


Iron to Drilling. H. A. Schwartz, R. C. 
Kasper and N. E. Mertz, 586. Discussion, 
588. 


Dudley Medal. 


Thirteenth Award of the Charles B. Dudley 
Medal. Summary of Proceedings of the 
Forty-second Annual Meeting, 14. 


Durability. 


An Apparatus for Determining the Durability 
of Heat-Resisting Paints. G. W. Ashman 
and S. Werthan. Abstracted in ASTM 
BuLteTIN, No. 102, January, 1940, p. 17. 

The Effect of Biot’s Modulus on Transient 
Thermal Stresses in Concrete Cylinders. — 
Gerald Pickett, 913. 
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Durability (Continued): Electrical-Resistance and Heating Alloys, 
Lean Concrete Mixes—a Study of the Effect Electrical-Heating, Electrical-Resistance an, 
of Cement Content, Cement Fineness on Electric-Furnace Alloys. Report of Cop = J 
Compressive Strength, Durability and mittee B-4, 256. — 
Volume Change of Concrete. Ernst Spectral Emissivity (at 0.65.) of Some Al —_ 
Gruenwald, 810. Discussion, 841. for Electrical Heating Elements. \ Mechani 
Selection of Aggregates for Concrete Pave- Roeser, 780. ao 
ment Based on Service Records. Curtis Electrodeposited Coatings. : Pa 
Cantrill and Louis Campbell, 937. Dis- Corrosion of Iron and Steel. Report Some M 
cussion, 946. Committee A-5, 94. 14S-1 
E Exposure Tests of Plating on the Non-Ferroy $.S.. 


Metals. Report of Joint Committee, 34 ‘ 
Effect of Temperature. P J Stress, + 


See Temperature, Effect of. Electrolytic Corrosion. gar N 
The Calculation of Equilibria in Dilute Wate 
=Blastic Deformation. Solutions. D. S. McKinney, 1191. D 
Stress, Strain, and Structural Damage. Ed- cussion, 1218. Field T 
gar Marburg Lecture. H. F. Moore, 549. Galvanic and Electrolytic Corrosion. Re ose 
port of Subcommittee VIII, Committ: : 
B-3, 247. 


See also Compression Testing; Tension Test- 
ing. 
Properties of Rubber Revealed by Mechanical 


Service and Life of Non-Ferrous Tubes i: R 
Petroleum Refining. FE. S. Dixon. Pu 44 
lished in A.S.T.M. BuLtetin, No. 


Tests. Felix L. Yerzley. Published in January, 1940, p. 21. Discussion, p. 25 150 
ASTM Buttetin, No. 99, August, 1939, 
p. 31. Emulsified Asphalts. Ferro-All 
Sonic Method of Determining the Modulus of See Asphalt, Emulsified. ; Chemic 
Elasticity of Building Materials Under Endurance Testing. ( cn 
Pressure. Leonard Obert, 987. Discus- See F q erro- 
sion, 996. See Fatigue. ' Pies 
Testing Elasticity and Hardness of House’ Etching. Revert 
Paints. W. H. Hoback. Abstracted in See Metallography. re 
A.S.T.M. No. 102, January, 
1940, p. 12. Executive Committee. com! 
Thermal Volume Change and Elasticity of Annual Report of the Executive Committ Aggr 
Aggregates and Their Effect on Concrete. 39. Finances 
T. F. Willis and M. E. De Reus, 919. Dis- Exhibit, Testing Apparatus. Annua 
scion, 929 
cussion, 929. Summary of Proceedings of the Forty-sec 39. 
Electrical Conductance. Annual Meeting, 1. . 
Electrical Conductance Measurements of Exposure Tests. 
Water Extracts of Textiles. A.C. Walker, See Corrosion; Weathering. b 
1233. Discussion, 1240. Fineness 
4 Electrical Insulating Materials. 
Electrical Insulating Materials. Report of Fatigue. . ne 
Committee D-9, 451. Fatigue Machines for Testing Structur nea 
Plastics. Report of Committee D-20, 514. Units. R. L. Templin, 711. Discussiet ae 
Recommendations Affecting Standards for 722. Con 
Electrical Insulating Materials. Report Fatigue of Metals. Report of the Reseatti je 
of Committee D-9, Appendix I, 457. Committee, 210. walk 
Requirements for Cells Used for Measuring Fatigue Strength of Machined Forgings 6" Resul 
Low Power Factor Liquids. Report of 7 in. in Diameter. O. J. Horger and HR 2 0 


Committee D-9, Appendix II, 463. Neifert, 723. Discussion, 738. 
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Fatigue Tests of Wire. C. P. Wampler and 


N. J. Alleman. Published in ASTM 
BuLLETIN, No. 101, December, 1939, p. 13. 
Discussion, p. 17. 

Mechanical Properties of a High-Strength © 
Cast Iron. Jasper O. Draffin and W. L. 
Collins, 589. Discussion, 603. 

Research. Report of Committee E-9, 535. 

Some Mechanical Tests on Aluminum Alloys 
14S-T and 24S-T. W. B. Mechling and 
Jack, 769. Discussion, 779. 

Stress, Strain, and Structural Damage. Ed- 
gar Margurg Lecture. H. F. Moore, 549. 


Fence. 
Field Tests of Metallic Coatings. Report of 
Subcommittee VIII, Committee A-5, 99. 
Report on Original Characteristics of Wire 
and Wire Products Involved in Field 
Exposure Tests, 101. 

Report of Wire Inspection Committee on 
Field Tests of Wire and Wire Products, 
156. 


Re. 


Ferro-Alloys. 

Chemical Analysis of Metals. 
Committee E-3, 529. 

Ferro-Alloys. Report of Committee A-9, 189. 


Filler. 


Report on Cooperative Tests for Sieve Analy- 
sis of Mineral Fillers. Sponsored by Sub- 
committee B-9, Committee D-4, on Size of 
Aggregates, 430. 


Report of 


Finances, 
Annual Report of the Executive Committee, 
39. 
Effect of Temperature on the Properties of 


Metals. Report of Joint Research Com- 
mittee, 211. 


Fineness Test. 

The Hegman Fineness Gage. E. W. Fasig. 
Abstracted in ASTM Buttetin, No. 102, 
January, 1940, p. 14. 

lean Concrete Mixes—a Study of the Effect 

* of Cement Content, Cement Fineness on 
Compressive Strength, Durability and Vol- 
ume Change of Concrete. Ernst Gruen- 
wald, 810. Discussion, 841. 

Results of Tests on Comparative Sample No. 
2 of the Cement Reference Laboratory. 
Report of Committee C-1, Appendix, 323. 


INDEX a 1313 


Specific Surface and Particle Size Distribu- 
tion of Finely Divided Materials. M. N. 
States, 795. Discussion, 808. 


Fire Brick. 
See Refractories. 
Fire Tests. 
Fire Tests of Materials and Construction. 


Report of Committee C-5, 334. 


Flexure Testing. 


Selection of Aggregates for Concrete Pave- 
ment Based on Service Records. Curtis 
Cantrill and Louis Campbell, 937. Dis- 
cussion, 946. 

Stress, Strain, and Structural Damage. Ed- 
gar Marburg Lecture. H. F. Moore, 549. 


Floor Tile. 
See Tile. 
Flow. 
Thermal Volume Change and Elasticity of 
Aggregates and Their Effect on Concrete. 


T. F. Willis and M. E. De Reus, 919. 
Discussion, 929. 


Freezing-and-Thawing Tests. 


Disintegration of Face Brick by Crystalliza- 
tion of Soluble Salt. J. M. Hardesty, 971. 
Discussion, 976. 

The Effect of Biot’s Modulus on Transient 
Thermal Stresses in Concrete Cylinders. 
Gerald Pickett, 913. 

The Effect of Variations in Method upon the 
Results of Freezing and Thawing Mortars. 
Bert Myers, 930. 

Lean Concrete Mixes—a Study of the Effect 
of Cement Content, Cement Fineness on 
Compressive Strength, Durability and 
Volume Change of Concrete. Ernst 
Gruenwald, 810. Discussion, 841. 

Proposed Method of Test for Durability of 
Compacted Soil-Cement Mixtures by Re- 
peated Freezing and Thawing. Report 
of Committee D-18, Appendix IT, 501. 

Round-Table Discussion on Freezing-and- 
Thawing Tests. Summary of Proceedings 
of the Forty-second Annual Meeting, 22. 

Selection of Aggregates for Concrete Pave- 
ment Based on Service Records. Curtis 
Cantrill and Louis Campbell, 937. Dis- 
cussion, 946. 
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Fuels. 


line; Petroleum Products. 

The Determination of Organic Sulfur in Gases 
by the Catalytic Hydrolysis Method. 
Lawrence T. Jilk, 1159. Discussion, 1169. 

Recent Experiments on Laboratory Wet 
Gas Meters. Howard S. Bean and 
F. Charles Morey, 1171. 


G 


Galvanic Corrosion. 


Galvanic and Electrolytic Corrosion. Re- 
port of Subcommittee VIII, Committee 
B-3, 247. 

Galvanizing. 
See Zinc Coatings. 
Gamma Rays. 

Fine Focus Radiography-Gamma_ Rays. 
Gilbert E. Doan and Milton B. Vordahl, 
741. Discussion, 748. 

Gaseous Fuels. 

The Determination of Organic Sulfur in Gases — 
by the Catalytic Hydrolysis Method. | 
Lawrence T. Jilk, 1159. Discussion, 1169. 

Gaseous Fuels. Report of Committee D-3, 
419. 

Recent Experiments on Laboratory Wet Gas — 


Meters. Howard S. Bean and F. Charles 
Morey, 1171. 
Gaskets. 


Report of Special Section on Packing Classi- 
fication. Subcommittee VI, Committee 
D-11, on Packings, Gaskets, and Pump 
Valves, 476. 


4 Gasoline. 

Glimpses at Petroleum. Annual Address by 
the President, T. G. Delbridge, 32. 

Petroleum Products and Lubricants. 
port of Committee D-2, 392. 

Proposed Specifications for Aviation Gaso- 
line. Report of Committee D-2, Appendix 
II, 414. 

Report of Section on Gum. Technical Com- 
mittee A, Committee D-2, on Gasoline, 400. 

Report of Section on Tetraethyl Lead in 
Gasoline. Technical Committee A, Com- 
mittee D-2, on Gasoline, 409. 


Re- 


Glass. 


Burst Test Data on Laminated Glass. W. R. 
Koch and E. J. Wyrostek. Published in 


Supyect INDEX 1 


ASTM Bu tetin, No. 103, March, 
Discussion. 

Glass and Glass Products. 
mittee C-14, 374. 

Industrial Survey of Conditions Surroundip, 
Refractory Service in Continuous Pl, 
Glass and Window Glass Furnaces, pk; 
port of Committee C-8, Appendix II, 349 

Summary of Proceedings of the Columb 
Regional Meeting—Symposium on Lip 
1299, 


Report of Co; 


Glassware Apparatus. 
See Testing Apparatus; Thermometer, 


Gloss. 


A Sheen Meter. J. W. Ayers. Abstracte: 
in ASTM Buttetin, No. 102, Januan 
1940,p.12, 


Grain Size. 


See also Metallography. 
Metallography. Report of Committee £4 


531. 
Report on Further Experiments with a Pr 
posed Acceptance Test: Effect of Gri 
Si prepared by C. L. Clark and A. 
White. Report of Joint Research Cor 
mittee on Effect of Temperature on ti 
Properties of Metals, Appendix II, 225 


See also Aggregates. cen 

Degradation of Aggregates Under Road R 
ers. Tilton FE. Shelburne, 950. Disc 
sion, 969. 

Selection of Aggregates for Concrete Pav 
ment Based on Service Records. Cur 
Cantrill and Louis Campbell, 937. Ds 

cussion, 946. 


Gravel. 


Gray Iron. 
See Cast Iron. 
Gum Test. 
Report of Section on Gum. 


Gypsum. 
Gypsum. Report of Committee C-11, 3. 


Specifications for Plastering. Report of Se 


tional Committee, 370. 
H 
Hardness Testing. 


Analysis of Rockwell Hardness Data. R.! 
Peek, Jr., and W. E. Ingerson, 1270. 


‘Technical Com 
mittee A, Committee D-2, on Gasoline, 
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son with Tension Creep Tests on a Carbon- _ 


Properties of Rubber Revealed by Mechanical 
Tests. Felix L. Yerzley. Published in 
ASTM BuLtettn, No. 99, August, 1939, 
p. 31. 

Rockwell Hardness of Cylindrical Specimens. 
W. E. Ingerson, 1281. Discussion, 1289. 


Heating Elements. 
See also Electrical-Resistance and Heat- 
ing Alloys. 
Spectral Emissivity (at 0.654) of Some Alloys 
for Electrical Heating Elements. W. F. 
Roeser, 780. 


Heat Insulating Materials. 
Summary of Proceedings of the Columbus 
Regional Meeting—Symposium on Ther- 
mal Insulating Materials, 1300. 


Heat-Resisting Paints. 

An Apparatus for Determining the Durability 
of Heat-Resisting Paints. G. W. Ashman 
and S. Werthan. Abstracted in ASTM 
BuLtetIn, No. 102, January, 1940, p. 17. 


Heat Transmission. 


Summary of Proceedings of the Columbus 
Regional Meeting—Symposium on Ther- 
mal Insulating Materials, 1300. 


High-Temperature Service Materials. 


See also Refractories ; Temperature, Effect of. 

The Alloy Casting Research Institute Test 
Block for Heat-Resisting Alloys; Its His- 
tory, Selection and Utilization. O. E. 
Harder, 626. 

Correlation of Test Results for Various Types 
of High-Temperature Tests Carried Out 
for the Joint Research Committee, pre- 
pared by E. A. Davis. Report of Joint 
Research Committee on Effect of Tempera- 
ture on the Properties of Metals, Appendix 
ITT, 234. 

Effect of Temperature on the Properties of 
Metals. Report of Joint Research Com- 
mittee, 211. 

Electrical-Heating, Electrical-Resistance and 
Electric-Furnace Alloys. Report of Com- 
mittee B-4, 256. 

Report on Further Experiments with a Pro- 
posed Acceptance Test: Effect of Grain 
Size, prepared by C. L. Clark and A. E. 
White. Report of Joint Research Com- 
mittee on Effect of Temperature on the 
Properties of Metals, Appendix II, 225. 

Report on Torsion Creep Test for Compari- 


Molybdenum Steel, prepared by F. L.. 
Everett and C. L. Clark. Report of Joint 
Research Committee on Effect of Tempera- 
ture on the Properties of Metals, Appendix 
[, 215. 


High Temperature Testing. 


7 


See Temperature, Effect of. 


Hollow Tile. 
See Tile. 
Humidity. 
Electrical Conductance Measurements of 
Water Extracts of Textiles. A.C. Walker, 
1233. Discussion, 1240. 
Hydrolysis. 


The Determination of Organic Sulfur in 
Gases by the Catalytic Hydrolysis Method. 
Lawrence T. Jilk, 1159. Discussion, 1169. 


Hydrostatic Pressures. 
The Effects of Internal Hydrostatic Pres- 
sure on the Shearing Strength of Soils. 
L. W. Hamilton, 1100. 


Corrosion of Non-Ferrous Metals and Alloys. 
Report of Committee B-3, 245. - 


Immersion Tests. 


Impact Testing. 


Factors Affecting Notched-Bar Impact Tests 
on Steel at Low Temperatures. Walter 
Crafts and John J. Egan, 659. Discussion, 
672. 

Résumé of Round-Table Discussion on Effect 
of Sub-Atmospheric Temperatures on the 
Properties of Metals. Prepared by F. B. 
Foley, 637. 

Some Mechanical Tests on Aluminum Alloys 
14S-T and 24S-T. W. B. Mechling and 
S. S. Jack, 769. Discussion, 779. 

A Study of the Influence of Speed on the 
Torsion Impact Test. O. V. Greene and 
R. D. Stout, 1292. 

Sub-Size Charpy Relationships at Sub-Zero 
Temperatures. H. Habart and W. J. 
Herge, 649. 


Industrial Waters. 
See Boiler Feedwater; Water. 


Instruments. 
See Testing Apparatus. 
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Insulating Materials. 


7 See Electrical Insulating Materials; Thermal 


Insulating Materials. 


Interpretation of Data. 


A Statistical Analysis of Compression Tests 
’ on Mortar Cylinders, Cubes and Prisms. 
H. W. Leavitt and H. A. Pratt, 851. Dis- 


cussion, 859. 


Iron. 


See also Cast Iron; Malleable Iron; Wrought 
Iron. 

Influence of Chromium on the Oxidation Re- 
sistance of Cast Iron. C. O. Burgess, 604. 

_ Discussion, 623. 

a Mechanical Properties of a High-Strength 
Cast Iron. Jasper O. Draffin and W. L. 
Collins, 589. Discussion, 603. 

_ Nickel-Molybdenum-Iron and Related Al- 
loys—Their Physical and Corrosion-Re- 
sistant Properties. F. T. McCurdy, 698. 
Discussion, 710. 

The pH, Dissolved Iron Concentration and 
Solid Product Resulting from the Reaction 
Between Tron and Pure Water at Room 
Temperature. Richard C. Corey and 
Thomas J. Finnegan, 1242. Discussion, 
1254. 

| The Relation of Carbon Nodule Size and 

Tensile Properties of Malleable Cast Iron. 

H. A. Schwartz, H. J. Schindler and J. F. 

Elliott, 583. Discussion, 585. 

The Resistance of High-Silicon Malleable 
Iron to Drilling. H. A. Schwartz, R. C. 
Kasper and N. E. Mertz, 586. Discus- 
sion, 588. 

_ Spectral Emissivity (at 0.654) of Some Alloys 

for Electrical Heating Elements. W. F. 
Roeser, 780. 


Iron-Chromium-Nickel Alloys. 
See Corrosion-Resisting Alloy Steels; Electri- 
cal-Resistance and Heating Alloys. 
Izod Impact. 
_ See Impact Testing. 


K 
Knots. 


The Size of a Knot (Supplementing Defini- 
tion of a Knot), by John A. Newlin. Re- 
port of Committee D-7, Appendix, 444. 


SuByecT INDEX 


L 


Laboratory Apparatus Inspection. 


Cement Reference Laboratory. Report of 
Subcommittee, Committee C-1, 321, 


Laboratory Glassware. 
See Testing Apparatus; Thermometers, 


Lacquers. 


Paint, Varnish, Lacquer, and Related Prod. 
ucts. Report of Committee D-1, 380. 


Laminated Glass. 


Burst Test Data on Laminated Glass. W. 
R. Koch and E. J. Wyrostek. Published 
in ASTM Bvuttetin, No. 103, March, 
1940. Discussion. 


Lead. 


Die-Cast Metals and Alloys. 
Committee B-6, 277. 

Galvanic and Electrolytic Corrosion. Re. 
port of Subcommittee VIII, Committee 
B-3, 247. 

Report of Section on Tetraethyl Lead in 
Gasoline. Technical Committee A, Com- 
mittee D-2, on Gasoline, 409. 

Tin- and Lead-Base Die-Casting Alloys 
Report of Subcommittee III, Committee 
B-6, 282. 


Report of 


Lead-Coated Wire. 
Field Tests of Metallic Coatings. Report of 
Subcommittee VIII, Committee A-5, 99. 
Report on Original Characteristics of Wire 
and Wire Products Involved in Field 
Exposure Tests, 101. 

Report of Wire Inspection Committee on 
Field Tests of Wire and Wire Products, 
156. 


‘Lecture. 
Stress, Strain, and Structural Damage. Ed- 
gar Marburg Lecture. H. F. Moore, 54%. 


Light Metals. 
See Aluminum; Magnesium. _ Z 
Lime. 


Industrial Survey of Conditions Surrounding 
Refractory Service in Lime Burning. Re- 
port of Committee C-8, Appendix I, 345. 

Lime. Report of Committee C-7, 335. 

Specifications for Plastering. Report of Set 
tional Committee, 370. 
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SUBJECT INDEX 


Summary of Proceedings of the Columbus 
Regional Meeting—Symposium on Lime, 
1299. 


Limestone. 


Degradation of Aggregates Under Road Roll- 
ers. Tilton E. Shelburne, 950. Discus- 


sion, 969. 


Low Temperature Testing. 
See Temperature, Effect of. 


See also Petroleum Products. 

Glimpses at Petroleum. Annual Address by 
the President, T. G. Delbridge, 32. 

Petroleum Products and Lubricants. Re- 
port of Committee D-2, 392. 

Petroleum Products and Lubricants. Re- 
port of Sectional Committee, 418. 

Proposed Method of Test for Neutralization 
Number of Used Aviation Oils. Report 
of Committee D-2, Appendix I, 411. 


M 
Machinability. 


The Resistance of High-Silicon Malleable Iron 


to Drilling. H. A. Schwartz, R. C. Kasper 
and N. E. Mertz, 586. Discussion, 588. 
Magnesium. 


Die-Cast Metals and Alloys. 
mittee B-6, 277. 

Light Metals and Alloys, Cast and Wrought. 
Report of Committee B-7, 297. 

Magnesium Alloy Die Castings, by A. W. 
Winston. Report of Committee B-6, Ap- 
pendix, 284. 

Proposed Revisions in Standards for Light 
Metals and Alloys. Report of Committee 
B-7, Appendix, 301. 


Magnesium Sulfate. 


Modified Procedure for Testing Concrete 
_ Aggregate Soundness by Use of Magne- 
_ sium Sulfate. Charles E. Wuerpel, 882. 

_ Appendix: Proposed Method of Test for 
Soundness of Aggregates by Use of Mag- 
nesium Sulfate, 885. 


Magnetic Testing. 
Magnetic Analysis Applied to the Inspection 
of Bar Stock and Pipe. Theodor Zuschlag. 


Published in ASTM Bu ttetin, No. 99, 
August, 1939, p. 35. 


Report of Com- 


Magnetic Properties. Report of Committee 


Malleable Iron. 


Malleable-Iron Castings. Report of Com- 
mittee A-7, 187. 

The Relation of Carbon Nodule Size and 
Tensile Properties of Malleable Cast Iron. 
H. A. Schwartz, H. J. Schindler and J. F. 
Elliott, 583. Discussion, 585. 

The Resistance of High-Silicon Malleable 

- Tron to Drilling. H. A. Schwartz, R. C. 
Kasper and N. E. Mertz, 586. Discussion, 


588. 


Stress, Strain, and Structural Damage. Ed- 
gar Marburg Lecture. H. F. Moore, 549. 
Masonry Units. 


See also Brick; Tile. eg 


Manufactured Masonry Units. Report of 
Committee C-15, 375. 

Mortars for Unit Masonry. Report of Com- 
mittee C-12, 371. 


Mechanical Analysis. 


The Effect of Variations in Method upon the 
Results of Freezing and Thawing Mortars. 
Bert Myers, 930. 

Report on Cooperative Tests for Sieve 
Analysis of Mineral Fillers. Sponsored by 
Subcommittee B-9, Committee D-4, on 
Size of Aggregates, 430. 


Medal Award. 


Thirteenth Award of the Charles B. Dudley 
Medal. Summary of Proceedings of the 
Forty-second Annual Meeting, 14. 


Marburg Lecture. 


Membership. 


Annual Report of the Executive Committee, 
39. 


Metallography. 

Influence of Chromium on the Oxidation 
Resistance of Cast Iron. C. O. Burgess, 
604. Discussion, 623. 

Metallography. Report of Committee E-4, 

531. 

Report on Metallographic Examination of 18 
per cent Chromium, 8 per cent Nickel 
Steels. Report of Committee A-10, Ap- 
pendix IT, 203. 
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Methods of Testing. 


See Chemical Analyses; Testing, Physical 
Methods of. 

(Papers and reports covering methods of 
analysis, sampling testing, etc., are in- 
dexed under the materials and subjects 
covered by them.) 7 


Mineral Filler. 
See Aggregates; Filler. 


Moisture. 

Disintegration of Face Brick by Crystalliza- 
tion of Soluble Salt. J. M. Hardesty, 971. 
Discussion, 976. 

_ Proposed Methods of Test for: 

Durability of Compacted Soil-Cement Mix- 
tures by Repeated Freezing and Thaw- 
ing. Report of Committee D-18, Ap- 

pendix II, 501. 

- Durability of Compacted Soil-Cement Mix- 
tures by Repeated Wetting and Drying. 
Report of Committee D-18, Appendix 
III, 504. 

Moisture-Density Relations of Soil-Cement 
Mixtures. Report of Committee D-18, 
Appendix I, 498. 

The Effect of Biot’s Modulus on Transient 
Thermal Stresses in Concrete Cylinders. 
Gerald Pickett, 913. 

Electrical Conductance Measurements of 
Water Extracts of Textiles. A.C. Walker, 
1233. Discussion, 1240. 

Methods for Measuring the Passage of Water 
Through Concrete. W. M. Dunagan, 866. 
Discussion, 881. 

Research in Soil Stabilization with Emulsi- 
fied Asphalt. C. L. McKesson, 1123. 
Discussion, 1134. 

Some Observations of the Water Vapor Per- 
meability of Concrete. H. J. Barre, 860. 

A Triaxial Compression Apparatus for the 
Determination of the Stress-Deformation 
Characteristics of Soils. John D. Watson, 
1046. 


Molded Insulating Materials. 


See Electrical Insulating Materials; Thermal 
Insulating Materials. 


Molybdenum Alloys. 


~-Their Physical and Corrosion-Resistant 


SuByect INDEX 


Nickel-Molybdenum-Iron and Related Alloys 


Properties. 


F. T. McCurdy, 698. pj 
cussion, 710. 


The Effect of Variations in Method upon th 
Results of Freezing and Thawing Mortar 
Bert Myers, 930. 
Mortars for Unit Masonry. 
mittee C-12, 371. 
Results of Tests on Comparative Sample \ 
2 of the Cement Reference Laborator 
Report of Committee C-1, Appendix, 323 
Round-Table Discussion on Freezing-an¢ 
Thawing Tests. Summary of Proceeding 
of the Forty-second Annual Meeting, 22. 
A Statistical Analysis of Compression Tests 
on Mortar Cylinders, Cubes and Prisms. 


H. W. Leavitt and H. A. Pratt, 851. 
Discussion, 859. 


Mortars. 


Report of Cor 


Motor Fuel. 
See Fuels; Gasoline; Petroleum Products. 


Motor Oils. 


See Lubricants; Petroleum Products. 
N 


Report of Committee D-li 


Naval Stores. 


Naval Stores. 


494. 
Neutralization Number. 


Proposed Method of Test for Neutralizatio 
Number of Used Aviation Oils. Repor 
of Committee D-2, Appendix I, 411. 


Nickel. 


Exposure Tests of Plating on the Non-Ferrou: 
Metals. Report of Joint Committee, J+ 

Galvanic and Electrolytic Corrosion. Report! 
of Subcommittee VIII, Committee B-, 
247. 


Nickel Alloys. 


Nickel-Molybdenum-Iron and Related Alloys 
—-Their Physical and Corrosion-Resistas! 
Properties. F. T. McCurdy, 698. Dis 
cussion, 710. 

Spectral Emissivity (at 0.654) of Some Alloys 

for Electrical Heating Elements. W. ! 


Roeser, 780. 


Non-D: 


| 
See 
} Ste 
All 
| Nickel 
See B 
| Nodule 
Bs Te 
H. 
Nomen 
Nom 
Co 
To 
| 
4 
Te 
Fine 
Ea Gi 
Mag 
of 
q Py 
A 
li 
t 
N 
Son 
a 
si 
The 
Oils. 
4 See 
Orga 
— Ne 
( 


Com- 


le Ni 
ratory 
K, 323 
g-and 
=dings 
22. 
Tests 
risms 
851 


D-1i 


Alloys 
istant 
Dis 


Alloys 
W. F 


SUBJECT INDEX 


Nickel-Chromium Alloys. 
See Alloy Steel; Corrosion-Resisting Alloy 
Steels; Electrical-Resistance and Heating 
Alloys. 


Nickel Silver. 
See Bronze. 


Nodule Size. 

The Relation of ide Nodule Size anil 

Tensile Properties of Malleable Cast Iron. 

H. A. Schwartz, H. J. Schindler and J. F. 
Elliott, 583. Discussion, 585. 


Nomenclature. 

Nomenclature and Classification of Cast 
Copper and Copper-Base Alloys, by Sam 
Tour. Report of Committee B-5, Appen- 
dix, 271. 


Non-Destructive Testing. 


Correlation of Some Mechanical Tests of 
Aluminum Alloys with X-ray Tests. 
Tom A. Triplett and W. Lavern Howland, 
749. Discussion, 764. 

Fine Focus Radiography—Gamma Rays. 
Gilbert E. Doan and Milton B. Vordahl, 
741. Discussion, 748. 

Magnetic Analysis Applied to the Inspection 
of Bar Stock and Pipe. Theodor Zuschlag. 
Published in ASTM Buttetin, No. 99, 
August, 1939, p. 35. 

Some Aspects of Radiographic Sensitivity in 
Testing with X-rays. H.H. Lester. Pub- 
lished in ASTM BuLtetin, No. 100, Oc- 
tober, 1939, p. 33. Discussion, p. 40; also 
No. 101, December, 1939, p. 25. 

Sonic Method of Determining the Modulus 
of Elasticity of Building Materials Under 
Pressure. Leonard Obert, 987. Discus- 
sion, 996. 

The Use of Radiography in the Development 
of Castings for Mass Production. Don M. 
McCutcheon. Published in ASTM But- 
LETIN, No. 103, March, 1940. Discussion. 


Oils. 


See Fuels; Lubricants; Petroleum Products; 
Transformer Oils. 
Organic Impurities. 
New Laboratory Method for Determining the 
Organic Matter in Washed Fine Aggregates. 
Ira Paul, 892. 
Appendix: Proposed Method of Test for 


Oxidation Resistance. 


Organic Impurities in Laboratory 
Washed Sand by pH Value, 898. 
Discussion, 899. 


Oscillograph. 


A Mechanical Oscillograph for Routine Tests _ 
of Rubber and Rubber-Like Materials. 
Felix L. Yerzley, 1180. Discussion, 1189. 


Influence of Chromium on the Oxidation 
Resistance of Cast Iron. C. O. Burgess, 
604. Discussion, 623. 


P 
Packings. 


Report of Special Section on Packing Classi- 


fication. Subcommittee VI, Committee 
D-11, on Packings, Gaskets, and Pump © 
Valves, 476. 

Paints. 


See also Lacquers; Pigments; Varnish. _ 

Paint, Varnish, Lacquer, and Related Prod- 
ucts. Report of Committee D-1, 380. 

Symposium on Paint Testing. Abstracted, 
in ASTM Buttetin, No. 102, January 

1940: 

Some Fundamental Requirements of Color- _ 
imeters and Reflectometers. Richard 
S. Hunter, p. 11. 

A Method of Representing Color. 
Scofield, p. 11. 

A Sheen Meter. J. W. Ayers, p. 12. 

Testing Elasticity and Hardness of House 
Paints. W.H. Hoback, p. 12. 

The Hegman Fineness Gage. E. W.. 
Fasig, p. 14. 

The Aeration Test for Comparison of Thin-— 
ners. D. D. Rubek, p. 14. 

Detective Work on Metal Finishes. 
Darsey, p. 16. 

An Apparatus for Determining the Durabil- — 
ity of Heat-Resisting Paints. G. W. 
Ashman and S. Werthan, p. 17. 

The Conical Mandrel for Measuring Elon- 
gation of Attached Films. H. G. Arlt, 
if. 

Cook Box Test for Anti-Corrosion Paints. 
E. W. McMullen, p. 17. 

Development of a Consistency 
H. Sawyer. p. 18. 

Paper. 
Paper and Paper Products. 
mittee D-6, 438. 
Research. Report of Committee E-9, 535. _ 
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Papers and Publications. 
Annual Report of the Executive Committee, 
39. 


Rules Governing the Sanford E. Thompson 
Award. Report of Committee C-9, Ap- 
pendix, 265. 
Summary of the Proceedings of the Forty- 
second Annual Meeting, 1. 
Particle Size. 
Lean Concrete Mixes—a Study of the Effect 
_ of Cement Content, Cement Fineness on 
Strength, Durability and 
Volume Change of Concrete. Ernst 
Gruenwald, 810. Discussion, 841. 
Measurement of Average Particle Size by 
Sedimentation and Other Physical Means. 
Pierce M. Travis. Published in ASTM 
BuLLeETIN, No. 102, January, 1940, p. 29. 
Specific Surface and Particle Size Distribu- 
tion of Finely Divided Materials. M.N. 
States, 795. Discussion, 808. 
Paving Materials. 
i See Aggregates; Asphalt; Asphalt, Emulsi- 
fied; Brick; Cement; Concrete; Gravel; 
Sand; Slag; Soils; Stone. 
Penetration. 


See Consistency. 


Permeability. 


Methods for Measuring the Passage of Water 
Through Concrete. W.M. Dunagan, 866. 
Discussion, 881. 

Some Observations of the Water Vapor Per- 
meability of Concrete. H. J. Barre, 860. 


Petroleum Products. 


Glimpses at Petroleum. Annual Address by 
the President, T. G. Delbridge, 32. 

Petroleum Products and Lubricants. 
of Committee D-2, 392. 

Petroleum Products and Lubricants. 
port of Sectional Committee, 418. 
Proposed Method of Test for Neutralization 

Number of Used Aviation Oils. Report 
of Committee D-2, Appendix I, 411. 
Proposed Specifications for Aviation Gaso- 
line. Report of Committee D-2, Appendix 
II, 414. 
Report of Section on Gum. Technical Com- 
mittee A, Committee D-2, on Gasoline, 400. 
Report of Section on Tetraethyl Lead in 
Gasoline. Technical Committee A, Com- 
mittee D-2, on°Gasoline, 409. 


Report 


Re- 


SUBJECT INDEX 


Results of carbon residue tests by ASTy 
Standard Method D 189 (Conradsoy 
bon residue) and Ramsbottom metho 
the Institute of Petroleum (Great Brits, 
393. 


pH Value. 


The Calculation of the Distribution of Cary 
Dioxide Between Water and Sty 
A. M. Amorosi and J. R. McDermet, 1% 
Discussion, 1218. 

New Laboratory Method for Determining 
Organic Matter in Washed Fine Aggregat. 
Ira Paul, 892. 

The pH, Dissolved Iron Concentration » 
Solid Product Resulting from the React 
Between Iron and Pure Water at Roe 
Temperature. Richard C. Corey 
Thomas J. Finnegan, 1242. Discusix 
1254. 

Appendix: Proposed Method of Test fs 
Organic Impurities in  Laborate 
Washed Sand by pH Value, 898. 

Discussion, 899. 


Phenolic Materials. 
See Electrical Insulating Materials; Plast 


Photoelastic Analysis. 

_ Photoelastic Analysis of a Prestressed Bex 
F. O. Anderegg, Royal Weller and! 
Fried, 979. Discussion, 983. 


Pigments. 
See also Paints. 
Paint, Varnish, Lacquer, and Related Pre 
ucts. Report of Committee D-1, 380 
Specifications for Pigments Dry and in 
when Marketed in That Form. Repr 
of Subcommittee XV, Committee D-1, 


Pipe and Piping Materials. 

See also Tubes. 

Concrete Pipe. Report of Committee C! 
373. 

Magnetic Analysis Applied to the Inspect“ 
of Bar Stock and Pipe. Theodor Zuschiat 
Published in A.S.T.M. No. 
August, 1939, p. 35. 

Standardization of Dimensions and Matens: 
of Wrought-Iron and Wrought-Steel Pi 
and Tubing. Report of Sectional Com 
mittee, 88. 


Plaster. 
Specifications for Plastering. Report of Se 
tional Committee, 370. 
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Results of Tests on Comparative Sample 
No. 2 of the Cement Reference Laboratory. 
Report of Committee C-1, Appendix, 323. 


Plastics. 
See also Electrical Insulating Materials. 
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Protective Coatings. 
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See also Electrodeposited Coatings. 
Symposium on Paint Testing. Abstracted 
in ASTM Buttetin, No. 102, January, 
1940: 
Some Fundamental Requirements of Color- 


Burst Test Data on Laminated Glass. W. and Richent 
S. Hunter, p. 11. 
R. Koch and E. J. Wyrostek. Published . 
A Method of Representing Color. Francis 
in ASTM Buttetin, No. 103, March, Scofield, p. 11 
“ents A Sheen Meter. J. W. Ayers, p. 12. 
A Mechanical Uscillograp Testing Elasticity and Hardness of House 
of Rubber and Rubber-Like Materials. Pai 
aints. W. H. Hoback, p. 12. 
Felix L. Yerzley, 1180. Discussion, 1189. The Hegman Fineness Gage. E. W. Fasig 
Plastics. Report of Committee D-20, 514. 
Plating. ae The Aeration Test for Comparison of Thin- 
See Electrodeposited Coatings. ; ners. D. D. Rubek, p. 14. 
Pr Detective Work on Metal Finishes. V. M. 
Pore Pressure. Darsey, p. 16. 
The Effects of Internal Hydrostatic Pressure An Apparatus for Determining the Dura- 
on the Shearing Strength of Soils. L. W. bility of Heat-Resisting Paints. G. W. 
Hamilton, 1100. Ashman and S. Werthan, p. 17. 


Portland Cement. 
See Cement. 


Power Factor. 
Requirements for Cells Used for Measuring 
Low Power Factor Liquids. Report of 


Committee D-9, Appendix II, 463. 
Preece Test. 

Field Tests of Metallic Coatings. Report of 
Subcommittee VIII, Committee A-5, 99. 
Report on Original Characteristics of Wire 

and Wire Products Involved in Field 
Exposure Tests, 101. 
Report of Wire Inspection Committee on 


Field Tests of Wire and Wire Products, 
156. 


Presentation of Data. = 
See also Interpretation of data. 
Stress-Strain-Time Characteristics of Mate- 

rials. Glenn Murphy. Published in 
ASTM Bu.tetin, No. 101, December, 
1939, p. 19. Discussion, p. 22. 

Presidential Address. 

Glimpses at Petroleum. Annual Address by 
the President, T. G. Delbridge, 32. 


Prestressed Beam. 


Photoelastic Analysis of a Prestressed Beam. 
F.O. Anderegg, Royal Weller and B. Fried, 


979, Discussion, 983. 


The Conical Mandrel for Measuring Elon- 
gation of Attached Films. H. G. Arlt, 
p. 17. 

Cook Box Test for Anti-Corrosion Paints. 
E. W. McMullen, p. 17. 

Development of a Consistency Test. R. 
H. Sawyer, p. 18. 


Publications. 
See Papers and Publications. 
Pump Valves. 


Report of Special Section on Packing Classi- 
fication. Subcommittee VI, Committee 
D-11, on Packings, Gaskets, and Pump 
Valves, 476. 


Quicklime. 


See Lime. 


R 
Radio Tube Materials. 


See Electrical-Resistance and Heating Alloys. 


Radiography. 

Correlation of Some Mechanical Tests of 
Aluminum Alloys with X-ray Tests. Tom 
A. Triplett and W. Lavern Howland, 749. 
Discussion, 764. 

Fine Focus Radiography—-Gamma Rays. 
Gilbert E. Doan and Milton B. Vordahl, 
741. Discussion, 748. 
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(Continued): 
Magnesium Alloy Die Castings, by A. W. 


Winston. Report of Committee B-6, Ap- 
pendix, 284. 

_ Radiographic Testing. Report of Committee 
E-7, 533. 


Some Aspects of Radiographic Sensitivity in 
Testing with X-rays. H.H. Lester. Pub- 
lished in A.S.T.M. BuLietin, No. 100, 
October, 1939, p. 33. Discussion, p. 40; 
also No. 101, December, 1939, p. 25. 

The Use of Radiography in the Development 


of Castings for Mass Production. Don 
M. McCutcheon. Published in ASTM 
BULLETIN, No. 103, March, 1940, Dis 
cussion. 

Rayon. 

Textile Materials. Report of Committee 
D-13, 482. 

Refractories. 


Industrial Survey of Conditions Surrounding 
Refractory Service in Continuous Plate 
Glass and Window Glass Furnaces. Re- 
port of Committee C-8, Appendix, II, 
349. 

Industrial Survey of Conditions Surrounding 
Refractory Service in Lime Burning. Re- 
port of Committee C-8, Appendix I, 345. 

Refractories. Report of Committee C-8, 339. 


Regional Meeting Papers. 
Summary of Proceedings of the Columbus 
Regional Meeting: 
Symposium on Lime, 1299. 
Symposium on Thermal Insulating Ma- 
terials, 1300. 
Relaxation Tests. 


Effect of Temperature on the Properties of 
Metals. Report of Joint Research Com- 
mittee, 211. 


Research. 


Annual Report of the Executive Committee, 
39. 

Effect of Temperature on the Properties of 
Metals. Report of Joint Research Com- 
mittee, 211. 

Fatigue of Metals. 
Committee, 210. 

Glimpses at Petroleum. Annual Address by 
the President, T. G. Delbridge, 32. 

Research. Report of Committee E-9, 535. 
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Resilience. 


Properties of Rubber Revealed by Mecha 
cal Tests. Felix L. Yerzley. Publish 
in ASTM Buttetrn, No. 99, August. 19 
p. 31. 


Resins. 
See Plastics; Rosin; and 


Varnish. 
Resistance Alloys. 
See Hlectricel-Resistance and Heat and Heating Alloys. 


Road Materials. 

See also Aggregates; Asphalt; Asphalt, Emu 
sified; Brick; Cement; Concrete; Grave) 
Sand ; Slag; Soils; Stone. 

(Reports and papers on road materials a 
also indexed under the materials and su 
jects covered by them.) 

Degradation of Aggregates Under Road Ro 
ers. Tilton E. Shelburne, 950. Discu 
sion, 969. 

Proposed Methods of Testing Emulsion fcr 
Use in Densely Graded Cold Asphalt 
Mixes. Published in ASTM Butten 
No. 101, December, 1939, p. 34. 

Road and Paving Materials. Report of Cor 
mittee D-4, 421. 

Selection of Aggregates for Concrete Pa 

ment Based on Service Records. Curt 

“Cantal and Louis Campbell, 937. Di 
cussion, 946. 


Soils for Engineering Purposes. Report 
Committee D-18, 496. 
Rockwell Hardness. 
See Hardness Testing. 


Roofing Materials. 


Bituminous W aterproofing and Roofing Ma 
terials. Report of Committee D-8, 47. 
Summary of Proceedings of the Columbu: 
Regional Meeting—Symposium on Ther 

mal Insulating Materials, 1300. 


Rosin. 


Naval Stores. 
494. 
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Properties of Rubber Revealed by Mechani- 
cal Tests. Felix L. Yerzley. Published in 
ASTM BuLtetin, No. 99, August, 1939, 
p. 31. 

Report of Special Section on Packing Classi- 
fication. Subcommittee VI, Committee 
D-11, on Packings, Gaskets, and Pump 
Valves, 476. 

Rubber Products. 
D-11, 465. 


Report of Committee 


Disintegration of Face Brick by Crystalliza- 
tion of Soluble Salt. J. M. Hardesty, 971. 
Discussion, 976. 


Sand. 


See also Aggregates. 

The Effect of Variations in Method upon the 
Results of Freezing and Thawing Mortars. 
Bert Myers, 930. 

New Laboratory Method for Determining the 
Organic Matter in Washed Fine Aggre- 
gates. Ira Paul, 892. 

Appendix: Proposed Method of Test for 
Organic Impurities in Laboratory 
Washed Sand by pH Value, 898. 

Discussion, 899. 

Research in Soil Stabilization with Emulsified 
Asphalt. C. L. McKesson, 1123. Discus- 
sion, 1134. 

Some Investigations of the Shearing Resist- 
ance of Cohesionless and Cohesive Mate- 
rials. D. M. Burmister, 1071. 

A Triaxial Compression Apparatus for the 
Determination of the Stress-Deformation 
Characteristics of Soils. John D. Watson, 


Sandstone. 


See also Aggregates. 
Selection of Aggregates for Concrete Pave- 
ment Based on Service Records. Curtis 
Cantrill and Louis Campbell, 937. Dis- 
cussion, 946. 


See Hardness Testing. 


See Corrosion ; Immersion Tests. 


Shingles. 


Scleroscope Hardness. . 
> 


Sedimentation. 


Measurement of Average Particle Size by 
Sedimentation and Other Physical Means. 


Pierce M. Travis. Published in ASTM 
BULLETIN, No. 102, January, 1940, p. 29. 
Shear Testing. 
Research in Soil Stabilization with Emulsified 
Asphalt. C. L. McKesson, 1123. Dis- 


cussion, 1134. 

Some Mechanical Tests on Aluminum Alloys 
14S-T and 24S-T. W. B. Mechling and 
S. S. Jack, 769. Discussion, 779. 

Symposium on Shear Testing of Soils: 
Torsion Shear Tests and Their Place in the 

Determination of the Shearing Resist-_ 
ance of Soils. M. Juul Hvorslev, 999. 
Some Practical Aspects of Soil Shear 


Testing. Gregory P. Tschebotareff, 
1023. 
Essential Features of Triaxial Shear 


Tests—C. A. Hogentogler and E. S._ 
Barber, 1028. 
A Triaxial Compression Apparatus for the 
Determination of the Stress-Deforma- 
_ tion Characteristics of Soils. John D. 
Watson, 1046. 
A Comparison of Results of Direct Shear 
and Cylindrical Compression Tests. 
Donald W. Taylor, 1058. 


Some Investigations of the Shearing Re- 
sistance of Cohesionless and Cohesive 


D. M. Burmister, 1071. 
Its Meas- 
Significance. 


Materials. 
The Shearing Resistance of Soil 
urement and _ Practical 
W. S. Housel, 1084. 
The Effects of Internal Hydrostatic Pres- 
sure on the Shearing Strength of Soils. 


L. W. Hamilton, 1100. a 
Sheen. 


General Discussion, 1122. 

A Sheen Meter. J. W. Ayers. Abstracted 
in ASTM Buttetin, No. 102, January, 
1940, p. 12. 


Bituminous Waterproofing and Roofing Ma- 
terials. Report of Committee D-8, 447. 


Sieve Analysis. 
See Mechanical Analysis. 


‘ 
€Char 
blishe 
| 
pete 
4 
sf 
| 
ion for 
phalt 
LET! 
Con 3 
Pas 
Curti 
g Ma 
447 
Ther 
| 
Tests 
Tes 
rials | 
1189 
| 


1324 


Slag. 
See also Aggregates, 
Degradation of Aggregates Under Road Roll- 
ers. Tilton E. Shelburne, 950. Discus- 
sion, 969. 


Soaps and Detergents. 


Soaps and Other Detergents. 
Committee D-12,478. 


Soils. 

Proposed Methods of Test for: 

Durability of Compacted Soil-Cement Mix- 
tures by Repeated Freezing and Thawing. 
Report of Committee D-18, Appendix II, 
501. 

, Durability of Compacted Soil-Cement Mix- 
tures by Repeated Wetting and Drying. 
Report of Committee D-18, Appendix 
IIT, 504, 

_ Moisture-Density Relations of Soil-Cement 
Mixtures. Report of Committee D-18, 
Appendix I, 498. 

Stabilization of Soils with Emulsified As- 
phalt. Report of Committee D-18, Ap- 
pendix IV, 507. 

Research in Soil Stabilization with Emulsi- 


Report of 


fied Asphalt. C. L. McKesson, 1123. 
Discussion, 1134. 
Soils for Engineering Purposes. Report of 


Committee D-18, 496. 

Summary of Proceedings of the Columbus 
Regional Meeting—Symposium on Lime, 
1299. 

Symposium on Shear Testing of Soils: 
Torsion Shear Tests and Their Place in the 

Determination of the Shearing Resist- 
ance of Soils. M. Juul Hvorslev, 999. 

Some Practical Aspects of Soil Shear Test- 
ing. Gregory P. Tschebotareff, 1023. 

Essential Features of Triaxial Shear Tests 
—C. A. Hogentogler and E. S. Barber, 
1028. 

A Triaxial Compression Apparatus for the 
Determination of the Stress-Deforma- 
tion Characteristics of Soils. John D. 
Watson, 1046. 

A Comparison of Results of Direct Shear 
and Cylindrical Compression Tests. 
Donald W. Taylor, 1058. 

Some Investigations of the Shearing Resist- 
ance of Cohesionless and Cohesive Ma- 
terials. D. M. Burmister, 1071. 
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‘The Shearing Resistance of Soil—Its Meas. 
urement and Practical Significance 
W. S. Housel, 1084. 

The Effects of Internal Hydrostatic Pres. 
sure on the Shearing Strength of Soils 


L. W. Hamilton, 1100. - 
General Discussion, 1122. 2 
Soluble Chemicals. 
A Flow Method for the Determination of the 
Effects of Soluble Chemicals on Concrete. 


Dalton G. Miller, Charles F. Rogers, and 
Philip W. Manson, 900. Discussion, 908. 


Sonic Testing. 

Sonic Method of Determining the Modulus 
Elasticity of Building Materials Under 
Pressure. Leonard Obert, 987. Discus. 
sion, 996. 


Soundness. 

The Effect of Variations in Method upon the 
Results of Freezing and Thawing Mortars 
Bert Myers, 930. 

Modified Procedure for Testing Concrete 
Aggregate Soundness by Use of Magne- 
sium Sulfate. Charles E. Wuerpel, 882. 
Appendix: Proposed Method of Test for 

Soundness of Aggregates by Use of Mag- 
nesium Sulfate, 885. 
Discussion, 890. 

Outline of Cooperative Studies of Various 
Types of Soundness Tests. Sponsored by 
Working Committee, Committee C-1, o1 
Volume Change and Soundness, 312. 

Results of Tests on Comparative Sample No 
2 of the Cement Reference Laboratory 
Report of Committee C-1, Appendix, 323. 

Selection of Aggregates for Concrete Pave- 
ment Based on Service Records. Curtis 
Cantrill and Louis Campbell, 937. Dis 
cussion, 946, 

Spalling. 

Disintegration of Face Brick by Crystalliza- 
tion of Soluble Salt. J. M. Hardesty, 971. 
Discussion, 976. a 


Specific Surface. 


Specific Surface and Particle Size Distribu- 
tion of Finely Divided Materials. M. %. 


States, 795. Discussion, 808. 


Specimen Shape. 
Rockwell Hardness of Cylindrical Specimens. 
W. E. Ingerson, 1281. 


Discussion, 1289. 


Stai 


Sta 


Sta 


Ten: 
St 
ar 
Spectr 
Rou 
Spe 
fe 
Spe 
P 
= n 
The 
Me 
Me 
Re 
Re 
Stab 
‘= 
R 
aa = 
A 
4 


SuBject INDEX 


Tension Specimen Shape and Apparent 
Strength. F. O. Anderegg, Royal Weller 
and B. Fried, 1261. Discussion, 1267. 


Spectrographic Analysis. 
Round-Table Discussion on Fundamental 
Methods and Technique of Spectrochemi- 
cal Analysis. Summary of Proceedings of 
the Forty-second Annual Meeting, 22. 
Spectral Emissivity (at 0.65) of Some Alloys 
for Electrical Heating Elements. W. F. 
Roeser, 780. 


Spectrographic Analysis. Report of Com- 


mittee E-2, 527. 
The Spectrographic Analysis of Tin. 
J. Warren Stewart, 788. Discussion, 794. 
Speed of Testing. 


Methods of Physical Testing of Steel. Report 
of Subcommittee XIII, Committee A-1, 
77. 


Methods of Testing. Report of Committee 


E-1, 516. 
Research. Report of Committee E-9, 535. 
A Study of the Influence of Speed on the Tor- 


sion Impact Test. O. V. Greene and R. D. 
Stout, 1292. 


Springs. 
Research. Report of Committee E-9, 535. 
Stabilization of Soils. 

Proposed Method of Test for Stabilization of 
Soils with Emulsified Asphalt. Report of 
Committee D-18, Appendix IV, 507. 

Research in Soil Stabilization with Emulsified 
Asphalt. C. L. McKesson, 1123. Dis- 
cussion, 1134. 

Stainless Steel. 


See Alloy Steel; Corrosion-Resisting Alloy 
Steels. 


Standardization. 


Annual Report of the Executive Committee, 
39. 

Cement Reference Laboratory. Report of 
Subcommittee, Committee C-1, 321. 

Standards. Report of Committee E-10 on 
Standards, 541, 

Summary of the Proceedings of the Forty- 
second Annual Meeting, 1. 


Statistical Analysis. 


A Statistical Analysis of Compression Tests 
on Mortar Cylinders, Cubes and Prisms. 


HH. W. Leavitt and H. A. Pratt, 851. Dis- 


cussion, 859. 
Steam. * & 


The Calculation of the Distribution of Car- 
bon Dioxide Between Water and Steam. 
A. M. Amorosi and J. R. McDermet, 1204. 
Discussion, 1218. 

Determination by the Evaporation Method of 
Small Amounts of Dissolved Solids in 
Water Such as Condensed Steam from 

Boilers. R. C. Ulmer, 1221. Discussion, 
1228. 


Steel. 


Chemical Analysis of Metals. Report of 
Committee E-3, 529. 
Correlation of Test Results for Various Types 


of High-Temperature Tests Carried Out for 
the Joint Research Committee, prepared 


by E. A. Davis. Report of Joint Research 

Committee on Effect of Temperature on 

_ the Properties of Metals, Appendix III, 234. 

Corrosion of Iron and Steel. Report of 
Committee A-5, 94. 

Effect of Temperature on the Properties of 
Metals. Report of Joint Research Com- 
mittee, 211. 

Exposure Tests of Plating on the Non-Ferrous 
Metals. Report of Joint Committee, 304. 

Factors Affecting Notched-Bar Impact Tests 
on Steel at Low Temperatures. Walter 
Crafts and John J. Egan, 659. Discus- 
sion, 672. 

Fatigue of Metals. Report of the Research 
Committee, 210. 

Fatigue Strength of Machined Forgings 6 
to 7 in. in Diameter. O. J. Horger and 
H. R. Neifert, 723. Discussion, 738. 

Fatigue Tests of Wire. C. P. Wampler and 
N. J. Alleman. Published in A.S.T.M. 
BuLLetTIN, No. 101, December, 1939, p. 13. 
Discussion, p. 17. 

Field Tests of Metallic Coatings. Report of 
Subcommittee VIII, Committee A-5, 99. 
Report on Original Characteristics of Wire 

and Wire Products Involved in Field 
Exposure Tests, 101. 

Report of Wire Inspection Committee on 
Field Tests of Wire and Wire Products, 
156. 

Galvanic and Electrolytic Corrosion. Report 
of Subcommittee VIII, Committee B-3, 247. 
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Steel (Continued): 


Iron-Chromium, Iron-Chromium-Nickel and 
Related Alloys. Report of Committee 
A-10, 192. 

Magnetic Analysis Applied to the Inspection 
of Bar Stock and Pipe. Theodor Zuschlag. 
Published in A.S.T.M. BuLietin, No. 99, 
August, 1939, p. 35. 

Magnetic Properties. 
A-6, 183. 

Metallography. 
531. 

Proposed Revisions in Standards for Steel. 
Report of Committee A-1, Appendix, 80. 

Report on Further Experiments with a Pro- 
posed Acceptance Test: Effect of Grain 
Size, prepared by C. L. Clark and A. E. 
White. Report of Joint Research Com- 
mittee on Effect of Temperature on the 
Properties of Metals, Appendix II, 225. 

Report on Metallographic Examination of 18 
per cent Chromium, 8 per cent Nickel 
Steels. Report of Committee A-10, Ap- 
pendix IT, 203. 

Report of Special Subcommittee on Inspec- 
tion of Stainless Steel Architectural Struc- 
tures. Report of Committee A-10, Ap- 
pendix I, 197. 

Report on Torsion Creep Tests for Compari- 
son with Tension Creep Tests on a Carbon- 
Molybdenuin Steel, prepared by F. L. 
Everett and C. L. Clark. Report of 
Joint Research Committee on Effect of 
Temperature on the Properties of Metals, 
Appendix I, 215. 

Service and Life of Non-Ferrous Tubes in 


Report of Committee 


Report of Committee E-4, 


Petroleum Refining. FE. S. Dixon. Pub- 
lished in ASTM Buttetin, No. 102, 


January, 1940, p. 21. Discussion, p. 25. 

Standardization of Dimensions and Materials 
of Wrought-Iron and Wrought-Steel Pipe 
and Tubing. Report of Sectional Com- 
mittee, 88. 

Steel. Report of Committee A-1, 65. 

A Study of the Influence of Speed on the 
Torsion Impact Test. O. V. Greene and 
R. D. Stout, 1292. 

Sub-Size Charpy Relationships at Sub-Zeru 
Temperatures. H. Habart and W. J. 
Herge, 649. 

A Work-Brittleness Test for Steel. 
Graham and H. K. Work, 571. 
sion, 581. 
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Stone. 
See also Aggregates. 


Sonic Method of Determining the Modul, 
of Elasticity of Building Materials Unde 
Pressure. Leonard Obert, 987. Discy: 
sion, 996. 


Stress-Strain-Time Characteristics. 


Stress-Strain-Time Characteristics of Ma 
terials. Glenn Murphy. Published ; 
ASTM BuLLetIn, No. 101, December 
1939, p. 19. Discussion, p. 22. 


Structural Clay Tile. 
See Tile. 
Structural Units. 
Fatigue Machines for Testing Structur 
Units. R. L. Templin, 711. Discussion, 
722. 


Sub-Atmospheric Temperature, Effect of. 
See Temperature, Effect of. 


Sulfur Determination. 
The Determination of Organic Sulfur ir 
Gases by the Catalytic Hydrolysis Method 
Lawrence T. Jilk, 1159. Discussion, 116 


Summary of Proceedings. 


Summary of the Proceedings of the Fort 
second Annual Meeting, 1. 

Correlation of Test Results for Various Typ 
of High-Temperature Tests Carried Out fu 
the Joint Research Committee, prepared b) 
EK. A. Davis. Report of Joint Research 
Committee on Effect of Temperature 0 
the Properties of Metals, Appendix Ill, 
234. 

Effect of Temperature on the Properties 0 
Metals. Report of Joint Research Con- 
mittee, 211. 

Electrical-Heating, Electrical-Resistance and 
Electric-Furnace Alloys. Report of Com 
mittee B-4, 256. 

Factors Affecting Notched-Bar Impact Tests 
on Steel at Low Temperatures. Walte: 
Crafts and John J. Egan, 659. Discussion 
672. 

Mechanical Properties of Copper and Its 
Alloys at Low Temperatures: a Review 
Cyril Stanley Smith, 642. 
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Report on Further Experiments with a Pro- 
posed Acceptance Test: Effect of Grain 
Size, prepared by C. L. Clark and A. E. 
White. Report of Joint Research Com- 
mittee on Effect of Temperature on the 
Properties of Metals, Appendix IT, 225. 

Report on Torsion Creep Tests for Com- 
parison with Tension Creep Tests on a 
Carbon-Molybdenum Steel, prepared by 
F. L. Everett and C. L. Clark. Report of 
Joint Research Committee on Effect of 
Temperature on the Properties of Metals, 
Appendix I, 215. 

Research. Report of Committee E-9, 535. 

Résumé of Round-Table Discussion on Effect 
of Sub-Atmospheric Temperatures on the 
Properties of Metals. Prepared by F. B. 
Foley, 637. 

Sub-Size Charpy Relationships at Sub-Zero 
Temperatures. H. Habart and W. J. 
Herge, 649. 


Tension Testing. 


Atmospheric Corrosion of Non-Ferrous Metals 
and Alloys. Carl W. Borgmann, 674. 
Discussion, 685. 

Correlation of Test Results for Various 
Types of High-Temperature Tests Carried 
Out for the Joint Research Committee, 
prepared by E. A. Davis. Report of Joint 
Research Committee on Effect of Tempera- 
ture on the Properties of Metals, Appendix 
III, 234. 

Field Tests of Metallic Coatings. Report of 
Subcommittee VIII, Committee A-5, 99. 
Report on Original Characteristics of Wire 

and Wire Products Involved in Field 
Exposure Tests, 101. 

Report of Wire Inspection Committee on 
Field Tests of Wire and Wire Products, 
156. 

Mechanical Properties of a High-Strength 
Cast Iron. Jasper O. Draffin and W. L. 
Collins, 589. Discussion, 603. 

Properties of Rubber Revealed by Mechanical 
Tests. Felix L. Yerzley. Published in 
ASTM BuLtetin, No. 99, August, 1939, 
p. 31. 

The Relation of Carbon Nodule Size and 
Tensile Properties of Malleable Cast Iron. 
H. A. Schwartz, H. J. Schindler and J. F. 
Elliott, 583. Discussion, 585. 

Report on Torsion Creep Tests for Compari- 
son with Tension Creep Tests on a Carbon- 
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Molybdenum Steel, prepared by F. L. 
Everett and C. L. Clark. Report of Joint 
Research Committee on Effect of Tempera- — 
ture on the Properties of Metals, Appendix 
I, 215. 

Results of Tests on Comparative Sample No. 
2 of the Cement Reference Laboratory. 
Report of Committee C-1, Appendix, 323. 

Some Mechanical Tests on Aluminum Alloys 
14S-T and 24S-T. W. B. Mechling and 
S. S. Jack, 769. Discussion, 779. 

Tension Specimen Shape and Apparent 
Strength. F. O. Anderegg, Royal Weller 
and B. Fried, 1261. Discussion, 1267. 


Test Block. 


The Alloy Casting Research Institute Test 
Block for Heat-Resisting Alloys; Its His- 
tory, Selection and Utilization. O. E. 
Harder, 626. 


Testing Apparatus. 


See also Testing, Physical Methods of. 

The Aeration Test for Comparison of Thin- 
ners. D. D. Rubek. Abstracted in 
ASTM Buttetin, No. 102, January, 
1940, p. 14. 

An Apparatus for Determining the Durability 
of Heat-Resisting Paints. G. W. Ashman > 
and S. Werthan. Abstracted in ASTM 
BULLETIN, No. 102, January, 1940, p. 17. 

The Conical Mandrel for Measuring Elonga- 
tion of Attached Films. H. G. Arlt. Ab- 
stracted in ASTM Buttetin, No. 
January, 1940, p. 17. 

Cook Box Test for Anti-Corrosion Paints. 
Ek. W. McMullen. Abstracted in ASTM 
BuLLeTIN, No. 102, January, 1940, p. 17. 

The Determination of Organic Sulfur in 
Gases by the Catalytic Hydrolysis Method. © 
Lawrence T. Jilk, 1159. Discussion, 1169. — 

Fatigue Machines for Testing Structural | 
Units. R. L. Templin, 711. Discussion, 
722. 

Fatigue of Metals. 
Committee, 210. 

A Flow Method for the Determination of the 
Effects of Soluble Chemicals on Concrete. 
Dalton G. Miller, Charles F. Rogers, and 
Philip W. Manson, 900. Discussion, 908. 

The Hegman Fineness Gage. E. W. Fasig. 
Abstracted in BuLtetIN, No. 

102, January, 1940, p. 14. 
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a Testing Apparatus (Continued): 


Load-Weighing and Load-Indicating Sys- 
tems. C. H. Gibbons. Published in 
ASTM Bou ttetin, No. 100, October, 1939, 
p. 7. Discussion, p. 13. 

Magnetic Analysis Applied to the Inspection 
of Bar Stock and Pipe. Theodor Zuschlag. 
Published in A.S.T.M. BuLtettn, No. 99, 
August, 1939, p. 35. 

Measurement of Average Particle Size by 

Sedimentation and Other Physical Means. 

M. Travis. Published in ASTM 

BuLtetin, No. 102, January, 1940, p. 29. 

A Mechanical Oscillograph for Routine 
Tests of Rubber and Rubber-Like Mate- 
rials. Felix L. Yerzley, 1180. Discussion, 
1189. 

Methods of Testing. Report of Committee 
E-1, 516. 

A Sheen Meter. J. W. Ayers. Abstracted 
in ASTM Buttetrn, No. 102, January, 
1940, p. 12. 

Some Fundamental Requirements of Color- 
imeters and Reflectometers. Richard S. 
Hunter. Abstracted in ASTM BuLtetin, 
No. 102, January, 1940, p. 11. 

Specific Surface and Particle Size Distribu- 
tion of Finely Divided Materials. M. N. 
States, 795. Discussion, 808. 

A Triaxial Compression Apparatus for the 
Determination of the Stress-Deformation 


Characteristics of Soils. John D. Watson, 
1046. 


Testing, Physical Methods of. — 


(Papers and reports covering methods of 
analysis, sampling, testing, etc., are indexed 
under the materials and subjects covered by 
them.) 

Methods of Testing. Report of Committee 
E-1, 516. 


Tetraethyl Lead Test. 


Report of Section on Tetraethyl Lead in 
Gasoline. Technical Committee A, Com- 
mittee D-2, on Gasoline, 409. 


Textile Materials. 


Electrical Conductance Measurements of 
Water Extracts of Textiles. A.C. Walker, 
1233. Discussion, 1240. 

Proposed Revisions in Standards for Textile 

Materials. Report of Committee D-13, 

Appendix, 489. 
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Research. Report of Committee E-9, 535 
Textile Materials. Report of Commit, 
D-13, 482. 
Thawing Tests. 
See Freezing-and-Thawing Tests. 


Thermal Expansion. 


Thermal Volume Change and Elasticity ; 
Aggregates and Their Effect on Conc: 
T. F. Willis and M. E. De Reus, 919, | 
cussion, 929. 


Thermal Insulating Materials. 


Summary of Proceedings of the Colum 
Regional Meeting—Symposum on Th 
mal Insulating Materials, 1300. 


Thermal Stress. 

The Effect of Biot’s Modulus on Trans 
Thermal Stresses in Concrete Cylinde 
Gerald Pickett, 913. 

Thermal Susceptibility. 

Some Factors Affecting the Thermal { 
ceptibility of Asphaltic Paving Mixtu: 
Roland Vokac, 1153. Discussion, 115 


Thermometers. 


Methods of Testing. Report of Commit: 
E-1, 516. 
Thermostat Metals. 


Electrical-Heating, Electrical-Resistance « 
Electric-Furnace Alloys. Report of (a 
mittee B-4, 256. 


Thinners. 


The Aeration Test for Comparison of Tit 
D. D. Rubek. Abstracted 


ners. 
ASTM Buttetiry, No. 102, 
1940, p. 14. 


Thompson Award. 

Rules Governing the Sanford E. Thompst 
Award. Report of Committee C9, ¥ 
pendix, 265. 

Tile. 


Manufactured Masonry Units. Report “ 
Committee C-15,375. 


Timber. 


The Size of a Knot (Supplementing Des 
tion of a Knot), by John A. Newlin. ™ 
port of Committee D-7, Appendix, 44. 

Timber. Report of Committee D-7, 441. 


Tis 


To 


5 
— 
Tim 
Tin 
: 
# 
d 
4 
% 
> ‘ 
sh 
7 
+7 
1 
4 
4 


Time of Setting. 
Results of Tests on Comparative Sample No. 
2 of the Cement Reference Laboratory. 
Report af Committee C-1, Appendix, 323. 


Tin. 

Die-Cast Metals and Alloys. 
mittee B-6, 277. 

Galvanic and Electrolytic Corrosion. Re- 
port of Subcommittee VIII, Committee 
B-3, 247. 

The Spectrographic Analysis of Tin. 
J. Warren Stewart, 788. Discussion, 794. 

Tin- and Lead-Base Die-Casting Alloys. 
Report of Subcommittee III, Committee 
B-6, 282. 


Tinting Strength. 


A Method of Representing Color. Francis 
Scofield. Abstracted in ASTM BuLLetin, 
No. 102, January, 1940, p. 11. 


Torsion Testing. 


Correlation of Test Results for Various Types 
of High-Temperature Tests Carried Out 
for the Joint Research Committee, pre- 
pared by E. A. Davis. Report of Joint 
Research Committee on Effect of Tempera- 
ture on the Properties of Metals, Appendix 
IIT, 234. 

Mechanical Properties of a High-Strength 
Cast Iron. Jasper O. Draffin and W. L. 
Collins, 589. Discussion, 603. 

Report on Torsion Creep Tests for Compari- 
son with Tension Creep Tests on a Carbon- 

. Molybdenum Steel, prepared by F. L. 

of Ths Everett and C, L. Clark. Report of Joint 


535 


ommitts 


Report of Com- 
Sticity 

Concre 
19. Ds 


~olumty 
The 


Transic: 
lindes 


nal ob 
Mixturs 
, 1158 


cted Research Committee on Effect of Tempera- 
Janusr ture on the Properties of Metals, Appendix 
I, 215. 

A Study of the Influence of Speed on the 
bompss Torsion Impact Test. O. V. Greene and 
“9 Ay R. D. Stout, 1292. 
oi Torsion Shear Tests and Their Place in the 

Determination of the Shearing Resistance 
of Soils. M. Juul Hvorslev, 999. 
yee Transverse Testing. 
Triaxial Shear. 
4 : The Effects of Internal Hydrostatic Pressure 
us on the Shearing Strength of Soils. L. W. 
‘ui. Hamilton, 1100. 


Essential Features of Triaxial Shear Tests. 
C. A. Hogentogler and E. S. Barber, 1028. 


Torsion Shear Tests and Their Place in the 
Determination of the Shearing Resistance 
of Soils. M. Juul Hvorslev, 999. 

A Triaxial Compression Apparatus for the 
Determination of the Stress-Deformation 
Characteristics of Soils. John D. Watson, 
1046. 


Trolley Wire. 


Copper and Copper-Alloy Wires for Elec- 
trical Conductors. Report of Committee 
B-1, 238. 


Tubes. 


See also Pipe and Piping Materials. 

Correlation of Test Results for Various Types 
of High-Temperature Tests Carried Out 
for the Joint Research Committee, pre- 
pared by E. A. Davis. Report of Joint 
Research Committee on Effect of Tem- 
perature on the Properties of Metals, 
Appendix III, 234. 

Service and Life of Non-Ferrous Tubes in 
Petroleum Refining. E. S. Dixon. Pub- 
lished in ASTM Buttettn, No. 102, Janu- 
ary, 1940, p. 21. Discussion, p. 25. 

Standardization of Dimensions and Materials 
of Wrought-Iron and Wrought-Steel Pipe 
and Tubing. Report of Sectional Com- 


mittee, 88. 
Varnish. 


The Aeration Test for Comparison of Thin- 
ners. D. D. Rubek. Abstracted in 
ASTM Bu ttet1n, No. 102, January, 1940, 
p. 14. 

Paint, Varnish, Lacquer, and Related Prod- 
ucts. Report of Committee D-1, 380. 


Viscosity. 


Development of a Consistency Test. R. H. 
Sawyer. Abstracted in ASTM BuLtetin, 
No. 102, January, 1940, p. 18. 


Volume Change. 


Lean Concrete Mixes—a Study of the Effect 
of Cement Content, Cement Fineness on 
Compressive Strength, Durability and 
Volume Change of Concrete. Ernst Gru- 
enwald, 810. Discussion, 841. 

Outline of Cooperative Studies of Various 
Types of Soundness Tests. Sponsored by 
Working Committee, Committee C-1, on 


Volume Change and Soundness, ia. 


SuBjEcTt INDEX 1329 
= 
3) 
a 
» 
4 
che 
of 
t 


1330 
Volume Change (Continued): 
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